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Abstract

Background. Interleukin 9 (I-9) has been implicated in the pathogenesis of several tumor types, but
the role of anti-IL-9 in pancreatic cancer remains unclear.

Objectives. We aimed to explore the mechanism and effects of blockading IL-9 in a pancreatic cancer
mouse model.

Material and methods. Panc02 cells were injected subcutaneously into mice to establish a mouse model.
The mice were randomly categorized into 3 groups — the control group, the immunoglobulin G (IgG) group
and the anti-IL-9 group — corresponding to intravenous tail injection of phosphate-buffered saline (PBS),
lgG isotype antibody and anti-IL-9 antibodly, respectively. Then, the expression of IL-9, interleukin-9 receptor
(IL-9r), Janus kinase 1 (Jak1), Jak3, and signal transducer and activator of transcription 3 (Stat3) mRNA was
tested with quantitative reverse-transcription polymerase chain reaction (qRT-PCR). Interleukin 9in the tumor
tissue was detected using enzyme-linked immunosorbent assay (ELISA). Western blotting and immuno-
cytochemistry were performed to detect STAT3 and phosphorylation signal transducers and activators of
transcription-3 (pSTAT3). Matrix metalloproteinase 2 (MMP2), MMP9 and vascular endothelial growth factor
(VEGF) levels were assessed using immunocytochemistry.

Results. Tumor weight in the anti-IL-9 group was significantly lower than in the other groups (p < 0.05).
There was a remarkable survival benefit in the anti-IL-9 group compared to the other groups (p < 0.05).
The concentration of IL-9 in tumor tissue was significantly downrequlated in the anti-IL-9-treated mice
(p < 0.05). The expression of JakT and Jak3 mRNA and pSTAT3, MMP2 and MMP9 proteins in the anti-IL-9
group was lower than that of the PBS or lgG groups (p < 0.05), but the STAT3 and VEGF protein levels showed
no significant difference (p < 0.05).

Conclusions. Anti-IL-9 antibody could effectively restrain the growth of pancreatic cancer in mice, and this
effect may partly occur by blocking the STAT3 pathway.

Key words: pancreatic cancer, JAK2/STAT3 pathway, IL-9 antibody
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Introduction

Pancreatic cancer is one of the most aggressive metastat-
ic malignancies, with a median survival rate of 6 months
and a 5-year survival rate of 5%, and it ranks 4" among
cancer-related deaths in the USA.2 Surgery, chemotherapy
and radiation therapy are the main treatment options for
pancreatic cancer. However, the current treatment strat-
egies are ineffective due to the fact that most of the pa-
tients are in advanced stages when they are first diagnosed.
Therefore, finding novel therapeutic strategies is crucial
to improve the effectiveness of treatment and to prolong
the survival of pancreatic cancer patients.

Interleukin 9 (IL-9) is a multifunctional cytokine se-
creted by a host of pro-inflammatory immune cells, in-
cluding Th2 cells, Th9 cells and Th17 cells.>* Interleu-
kin 9 activates a heterodimeric receptor that comprises
the IL-9 receptor a-chain (IL-9ra) and the y-chain (IL-9ry),
and promotes the cross-phosphorylation of Janus kinase
1 (Jakl) and Janus kinase 3 (Jak3), which in turn induce
the downstream activation of signal transducer and ac-
tivator of transcription 3 (Stat3).> Interleukin 9 has con-
trasting roles depending on the type of cancer. Studies
have reported that while IL-9 impaired tumor cell growth
in B16 melanoma and CT26 colon adenocarcinoma-tumor-
bearing mice,® it could promote cancer growth and exhibit
an anti-apoptotic function in various transformed cell
lines.”® Thus, further research is needed in order to con-
firm the role of IL-9 in various cancers.

We have previously reported that IL-9 plays a tumor-
promoting role in pancreatic cancer cell lines*!® and
therefore postulated that neutralizing IL-9 may exert
a tumor-suppressing function in pancreatic cancer. In this
study, we investigated the effect of the anti-IL-9 antibody
on a subcutaneous Pan02 model and its potential mecha-
nism. We report that anti-IL-9 antibody treatment can
partly inhibit a pancreatic cancer tumor in vivo, which may
provide an effective therapeutic strategy against pancreatic
cancer. The study scheme is presented in Fig. 1.

[ Panc02 cells ] C57BL/6 mice ]

| |
!

pancreatic
mice model

_G_l

anti-IL9
injection

survival ELISA-tested
observation tissue IL-9
tumor PCR-tested THC-tested
growth 119, 119r, pSTATS3,
assessment Jakl, Jak3, MMP2,
Stat3 MMP9

Fig. 1. The framework describing the idea of the study
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Material and methods
Cell culture

Murine pancreatic adenocarcinoma cell line Panc02
was obtained from the American Type Culture Collec-
tion (ATCC) and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco, Waltham, USA) supplemented
with 100 mg/mL of streptomycin, 100 U/mL of penicillin
and 10% fetal bovine serum (Gibco). The culture medium
was replaced every 48 h unless otherwise described and
the cells were incubated in 5% CO, and 95% air at 37°C.

Pancreatic cancer syngeneic model

Forty-eight SPF-grade C57BL/6 mice (20-24 g), 5—6 weeks
of age, were purchased from Hunan SJA Laboratory Ani-
mal Co. Ltd. (Changsha, China) and housed in the Animal
Center of Guangxi Medical University, Nanning, China,
under humidity- and temperature-controlled conditions
with a 12-hour light/dark cycle. All procedures for handling
the animals were approved by the Animal Experiments Eth-
ics Committee of Guangxi Medical University. The cells
were trypsinized and washed with phosphate-buffered saline
(PBS) (consisting of potassium dihydrogen phosphate, diso-
dium hydrogen phosphate, sodium chloride, and potassium
chloride) (Solarbio, Beijing, China). Panc02 cells (5 x 10°)
in 200 puL of PBS were subcutaneously injected into the right
flank. Once the tumors reached about 50 mm?, the tumor-
bearing mice were tagged and divided into 3 groups (16 mice
per group) and injected intravenously every 3 days for 18 days
with sterile PBS, isotype control IgG (1 mg/kg) or anti-IL-9
antibody (1 mg/kg) (R&D Systems, Minneapolis, USA).

Tumor growth assessment

The tumor diameter was measured with a caliper every
other day and the volume was calculated using the fol-
lowing formula:

(short diameter)? x (long diameter) x 0.5.11

Eight mice from each group were sacrificed on the 5% day
after the last treatment. Individual tumors from the mice
were weighed and dissected for subsequent study. The in-
hibition rate was calculated using the following formula,
in which A corresponds to the average tumor weight
in the control group and B corresponds to tumor weight
in the treated groups:

(%) = [(A = B)/A] x 100%.

Survival observation

Surrogate endpoints for survival were used: either when
the tumors reached an average diameter of 20 mm or when
they became ulcerated.!?!® The survival time of the re-
maining mice (8 mice per group) was recorded at the end
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of the observation period. The prolonged rate of survival
time was calculated using the following formula, in which
A corresponds to the average tumor weight in the control
group and B corresponds to the average tumor weight
in the treated groups:

(%) = [(B — A)/A] x 100%.

During treatment with anti-IL-9 antibody, we also ob-
served whether the mice displayed abnormal behavior,
such as an altered mental state or weight loss.

RNA isolation and gRT-PCR

The total RNA was extracted from tumor tissues using
an RNAiso plus Kit (TaKaRa, Beijing, China). cDNA syn-
thesis was performed using a PrimeScript™ RT reagent Kit
(TaKaRa). Real-time polymerase chain reaction (RT-PCR)
was performed with PrimeScript™ RT PCR Master Mix
according to the manufacturer’s protocol. The forward and
reverse primers used for PCR were as follows:
IL-9forward 5-ATG TTG GTG ACA TACATCCTT GC-3’
and reverse 5-TGA CGG TGG ATC ATC CTT CAG-3}
IL-9rforward 5-GTA TTT ACA GGA TCG ACT GCCAC-3’
and reverse 5-CCC AGA AGG TGC ATT TGT GTT-3}
JakI forward 5-GGA GTA CTA CACAGT CAA GGA CGA-3
and reverse 5-AAA CAT TCC GGA GCG TAC C-3;;
Jak3 forward 5-CCA GAC CAG CAG AGG GACTT-3’
and reverse 5-CCA AAG CGA ACA GCA GTA GGC-3;
Stat3 forward 5-GTT CCT GGC ACC TTG GAT T-3’
and reverse 5-CAA CGT GGC ATG TGA CTC TT-3.

The relative expression was normalized to GAPDH and
gene expression was analyzed using the 2-AACT method.

Immunohistochemical analysis

The tumor tissues were formalin-fixed and paraffin-
embedded, and specimen sections 4 pm in thickness were
prepared. The slides were treated in an autoclave oven for
5-10 min to unmask the heat-induced antigen and they
were blocked with 5% goat serum in PBS for 1 h. The sec-
tions were incubated with primary antibodies against
STAT3 (Cat# ab68153, 1:500, Abcam, Cambridge, UK),
pSTATS3 (Cat# ab76315, 1:1000, Abcam), matrix metallo-
proteinases (MMPs) 2 and 9 (Cat# BM4098 and BM4075,
1:500, Boster Biological Technology, Pleasanton, USA),
and vascular endothelial growth factor A (VEGF A) (Cat#
MO00045, 1:400, Boster Biological Technology) at 4°C over-
night, followed by the secondary antibody (Cat# A-21074,
Zymed, Waltham, USA) at room temperature for 30 min.
Diaminobenzidine (DAB) was used to facilitate the locat-
ing of the antibody. Finally, the slides were rinsed in PBS
and then counterstained with hematoxylin. The stained
sections were captured using an Olympus DP72 micro-
scope (Olympus Corporation, Shinjuku, Tokyo, Japan).
The positively-labeled cells and negative cells in 5 random-
ly selected fields were counted at x200 magnification by 2
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independent observers and the mean percentage of positive
cells was calculated using Image-Pro Plus v. 6.0 (Media
Cybernetics, Rockville, USA).

Western blot analysis

The proteins were collected from tumor tissues us-
ing RIPA lysis buffer (consisting of sodium chloride,
tris(hydroxymethyl)aminomethane, sodium deoxycholate,
and NP-40 lysis buffer) containing protease inhibitors and
phosphatase inhibitors (Roche, Basel, Switzerland). The ly-
sates were subjected to centrifugation at 12,000 rpm for
20 min at 4°C. The total protein was then measured with
Pierce BCA assay (Solarbio). One part of 5x sample buffer
and 4 parts of equal concentrations of protein were mixed
and heated at 95°C for 10 min. Equal amounts of lysates
were separated with 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis for 90 min and were blotted onto
a polyvinylidene fluoride (PVDF) membrane (Merck Mil-
lipore, Burlington, USA). The membranes were blocked
with 1x TBS containing 0.1% Tween 20 and 2% BSA at room
temperature for 1 h and subsequently incubated with rabbit
monoclonal anti-STAT3 (phospho-Y705; 1:2,000; Abcam)
at4°C overnight, followed by secondary fluorescent antibod-
ies labeled with LI-COR IRDye 680 (LI-COR Biosciences,
Lincoln, USA) at room temperature for 1 h. The signals
were determined using Odyssey Infrared Imaging System
and quantitated with LICOR imaging software (LI-COR
Biosciences).

ELISA for IL-9

The tumor tissues were washed and homogenized in cold
PBS before being stored at —20°C overnight. The tumor ho-
mogenates had undergone 2 freeze—thaw cycles and were
subsequently centrifuged at 5,000 g for 5 min at 4°C. Inter-
leukin 9 levels in the supernatant were determined using
enzyme-linked immunosorbent assay (ELISA) Kits accord-
ing to the manufacturer’s instructions (Cusabio, Wuhan,
China). The optical density was measured at 450 nm with
a standard curve range of 15.6 pg/mL to 1,000 pg/mL.

Statistical analysis

The data is expressed as mean values + standard devia-
tion (SD). All data was analyzed with SPSS v. 17.0 software
(SPSS Inc., Chicago, USA). Comparisons between 2 groups
were carried out using Student’s t-test while comparisons
among multiple groups were analyzed using the one-way
analysis of variance (ANOVA) method followed by the least
significant differences (LSD) post hoc test. The x? test
and Fisher’s exact probability test were used to compare
enumeration data. Survival analysis was performed using
the Kaplan—Meier method and the log-rank test. Differ-
ences in means were considered statistically significant
when p < 0.05.
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Results

Blockading IL-9 slows in vivo
pancreatic tumor growth

The tumors in the anti-IL-9 group showed significantly
slower growth rates than those in the PBS and IgG groups
(p < 0.05; Fig. 2A). Significant differences in tumor volume
among the 3 groups were observed on day 17, whereas no
significant differences between the PBS group and the IgG
group were found. Additionally, tumor weight was signifi-
cantly lower in the anti-IL-9 group than in both the PBS and
IgG groups (p < 0.05; Fig. 2B). At the end of the experiment,
the anti-IL-9 group achieved 24.2% tumor growth inhibi-
tion (p < 0.05 vs the control group). These results suggest
that the anti-IL-9 antibody can inhibit tumor growth.

Neutralizing IL-9 extended survival time
in a murine model

Measuring the time from Panc02 cell injection until
the surrogate endpoint for survival, we found that ad-
ministering anti-IL-9 significantly prolonged the survival
of tumor-bearing mice compared to the PBS- or IgG-ad-
ministered groups (p < 0.05; Fig. 3): the increase in survival
time among the anti-IL-9 group was 16.8%. Additionally,
exposure to anti-IL-9 treatment did not lead to abnormal
behavior or dramatic changes in the body weight of these
animals, implying its tolerability during a sustained period
of administration.

Administering anti-IL-9 antibody
decreased IL-9 concentration
in tumor tissue

To determine whether the anti-IL-9 antibody treat-
ment blocked IL-9 activity, the concentration of IL-9
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£ 400 |
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> 300 |
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€ 200
100 |
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in the tumor tissue was detected with ELISA. We ob-
served a significant reduction in IL-9 activity in the anti-
IL-9-treated mice compared to the PBS-treated and IgG-
treated mice (p < 0.05; Fig. 4A). Similarly, quantitative
reverse-transcription polymerase chain reaction (qQRT-
PCR) analysis suggests that the expression of IL-9 mRNA
was significantly lower after anti-IL-9 treatment (p < 0.05;
Fig. 4B).

Treating with anti-IL-9 antibody alters
the JAK-STAT pathway in tumor-bearing mice

Because IL-9-mediated signal transduction acti-
vated molecular members of the STAT3,> MAPK and
PI3K pathways!* — which were potentially involved
in the activity of the IL-9-IL-9R axis — we postulated
that the blockade of IL-9 may mediate the JAK/STAT
pathway in pancreatic-tumor-bearing mice. As is shown
in Fig. 5, the relative expression of Jakl and Jak3 mRNA

100

p<0.05
80 -+ PBS
g e 1gG
= 6or —— anti-IL9
2
>
é 40 F
20}
0 b '
20 30 40 50

time [days]

Fig. 3. Treatment with anti-IL-9 antibody extends the survival of mice.
Tumor growth exceeding 20 mm or at signs of ulcerated was used

as a surrogate for survival. Kaplan-Meier analysis demonstrates that

the survival time (n = 8/each) was significantly prolonged in anti-IL-9-
treated mice compared to PBS- or IgG-treated mice (p < 0.05). Moreover,
the mice experienced no apparent toxicity during the treatment

@

800

600
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tumor weight [mg]
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Fig. 2. Anti-IL-9 treatment results in slowed tumor growth in vivo. When tumors reached approx. 50 mm?, mice were randomly separated into 3 cohorts:
PBS group, 1gG group and anti-IL-9 group, and tumor growth was monitored. A — mice treated with anti-I.-9 antibody showed significant delay in tumor
growth as compared to control groups (p < 0.05). Each data point represents average tumor volume (n = 8/each) and error bars denote standard error;

B — comparison of weight of tumor in different groups (n = 8/each)

*p < 0.05 compared with PBS or IgG control group; data is shown as mean +SD.
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in the anti-IL-9 group was markedly lower than that
of the PBS or IgG groups (p < 0.05; Fig. 5B,C), whereas
the mRNA levels of IL-9r and Stat3 did not show any
difference across all 3 groups (p > 0.05; Fig. 5A,D). Simi-
larly, the western blot results showed that IL-9 inhibi-
tion failed to suppress STAT3 expression in the anti-IL-9
group (p > 0.05; Fig. 6A,B), but pSTAT3 expression was
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— [ ]
E 800 ® »
E
D
2
& 600 ®
s n
< &
o 4004
— —_—
= A
200 o AL
A A
Ala
0 T T T
PBS I9G anti-IL9

effectively decreased in the tumor tissues from the anti-
IL-9 group compared to those treated with PBS or IgG
antibody (p < 0.05; Fig. 6A,C). Consistent with the above
results, the immunohistochemistry results revealed that
tumor tissues in the anti-IL-9 group expressed signifi-
cantly less pSTAT3 protein when compared to the other
groups (p < 0.05; Fig. 7).
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Fig. 4. Comparison of level of IL-9 in anti-IL-9 antibody, PBS and IgG-treated groups (n = 8/each). The data confirmed antibody neutralization of IL-9 had a significant
effect on the production of IL-9. A — concentration of IL-9 in tumor tissue was detected using ELISA; B — the expression of Il-9 mRNA was detected using qRT-PCR

*p < 0.05 compared with PBS or IgG control group; ns — p > 0.05 compared with PBS or IgG control group. Data is shown as mean +SD.
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Treating with anti-IL-9 antibody
decreases STAT3-regulated downstream
target products

Next, we determined whether suppressing pSTAT3
with the anti-IL-9 antibody could initiate the suppression
of STAT3-regulated genes, MMP 2 and 9 and VEGE."®
As shown in Fig. 7, the tumor cells and stroma showed
strong reactivity to the antibodies for STAT3, pSTATS3,
MMP 2 and 9, and VEGF. Our immunohistochemis-
try results showed a significant reduction in pSTAT3-,
MMP2- and MMP9-positive cells (p < 0.05; Fig. 7), whereas
the number of STAT3- and VEGEF-positive cells was not
significantly different in the anti-IL-9 group compared
to the PBS and IgG groups (p > 0.05; Fig. 7). We concluded
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Fig. 7. The effect of anti-IL-9 antibody
treatment on the expression of STAT3,
PSTAT3, MMP2, MMP9, and VEGF in subcu-
taneous tumor. A — immunohistochemistry
detected significantly less pSTAT3 (brown,
nuclei), MMP2 (brown, cytoplasm) and
MMP9 (brown, cytoplasm) in the tumors
of anti-Il-9-treated mice than in those

of PBS or IgG-treated mice. No significant
changes was found in the levels of STAT3
(brown, cytoplasm) and VEGF (brown,
cytoplasm) between groups; B — the semi-
-quantitative analysis of the above results

*p < 0.05 compared with PBS or IgG control
group. All images are presented at X200
magnification.
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that anti-IL-9 antibody may inhibit pancreatic cancer
growth by downregulating JAK/STAT3 signaling.

Discussion

Immune cells and the cytokines secreted by them are
involved in a multitude of physiological and pathological
processes.1®1” Interleukin 9, a pleiotropic cytokine secreted
by a number of immune cells, is implicated in the patho-
genesis of several diseases and conditions.>® Interleukin 9
facilitates an immunosuppressive environment to pro-
mote tumor growth or to restrain tumor progression
based on tumor type.!® Interleukin 9 was shown to in-
hibit the growth of HTB-72 melanoma cells and it favors
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the survival of CD4*CD8* double-positive T cells; it also
displays cytotoxic activity against melanoma cells.”” How-
ever, IL-9 also substantially contributes to the prolifera-
tion and migration of lung cancer cells while helping them
escape apoptosis.?® Similar biological functions of IL-9
were also observed in breast cancer,'® colon carcinoma’®
and hematopoietic malignancies, such as diffuse large
B-cell lymphoma (DLBCL).® Moreover, IL-9 can protect
DLBCL cell lines LY1 and LY8 from prednisolone and
rituximab, whereas the effect of IL-9 on DLBCL cell lines
could be impaired and reversed through the knock-down
of IL-9R.® Because IL-9 is strongly associated with tumor
progression, blocking IL-9 may be an applicable strategy
for tumor treatment. Smith et al. showed that the neutral-
ization of IL-9 in conjunction with CpG-ODN injection
could induce tumor rejection in BALB-neuT- and MUC-
1-tolerant tumor models.?! Anti-IL-9 treatment inhibited
tumor growth in WT mice with breast cancer cell line
4T1.18 In this setting, we investigated whether targeting
IL-9 could influence pancreatic cancer progression.

A murine Panc02 model is widely used in pre-clinical
study, and immunocompetent C57BL/6 mice provide a tu-
mor microenvironment similar to a real immune environ-
ment.??23 A significantly slower tumor growth rate and
lower tumor weight were observed in the anti-IL-9 group
compared to the PBS or IgG groups, indicating that the anti-
IL-9 antibody could limit the growth of pancreatic cancer.

Next, we investigated the effect of anti-IL-9 treatment
on survival. The results showed that neutralizing IL-9 sig-
nificantly prolonged the survival time in Panc02-tumor-
bearing mice. Notably, we observed that tumor growth
occurred constantly in the survival period after the last
administration of anti-IL-9, suggesting that the anti-IL-9
antibody could inhibit tumor growth only in a period
of constitutive anti-IL-9 antibody injection, but failed
to provide a long-term solution to inhibit tumor growth
completely. In addition, the concentration of IL-9 in tumor
tissue from the anti-IL-9 group was markedly reduced.
Taken together, our results suggest that neutralizing IL-9
could inhibit the growth of pancreatic cancer in vivo by in-
hibiting IL-9.

The STAT3 signaling is involved in the regulation
of the cell cycle, apoptosis, angiogenesis, metastasis, and
immune evasion across a variety of tumor types, includ-
ing pancreatic cancer.?*72¢ Notably, sustained activation
of STATS3 at phosphorylated Tyr705 exists in 30—-100%
of human tumor specimens and in several pancreatic can-
cer cell lines.?” Moreover, STAT3 was previously reported
to be potentially involved in the IL-9-IL-9R axis, and IL-
9-induced receptor activation promotes phosphorylation
of JAK1 and JAK3, which leads to the downstream acti-
vation of the STAT3 pathway.>*2® Dysregulation of IL-9
in vitro could lead to autonomous cell growth and malig-
nant transformation of lymphoid cells, which was strongly
related to constitutive activation of the JAK/STAT path-
way.? Thus, we postulate that an IL-9 blockade may affect
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the STAT3 pathway. Consistent with this hypothesis, our
results showed a dramatic reduction of JAK1, JAK3 and
pSTATS3 in the tumor tissue from the mice injected with
the anti-IL-9 antibody, so we concluded that the STAT3
pathway may be implicated in this process.

The activation of STAT3 has been reported to induce
MMP9 expression®® and to upregulate VEGF by directly
binding to the VEGF promoter,® thereby facilitating cell
invasion. In this study, we further examined whether
the alteration of STAT3 could influence the expression
of MMP9 and VEGEF. We observed that the expression
of MMP2 and MMP9 was reduced after the administra-
tion of the anti-IL-9 antibody, but no significant change
in the expression of VEGF was observed among the 3
groups, implying that the inhibition of the STAT3 pathway
caused by anti-IL-9 could further suppress the expres-
sion of MMP2 and MMP9, but had no effect on VEGF
expression.

Although our study elucidated the effect of anti-IL-9
in pancreatic cancer and its possible underlying mecha-
nism, there were several limitations to this study. The pan-
creatic cancer mouse model was established using Panc02
cells; the effect and mechanism of IL-9 on pancreatic
cancer should be verified in a mouse model established
by the use of other pancreatic cancer cells. Although
we showed an anti-IL-9-mediated STAT3 pathway inhi-
bition in pancreatic cancer, a rescue experiment using
STATS3 pathway inhibitors is needed to verify whether
the pathway is truly involved in this process.

Conclusions

Our study demonstrated that treating pancreatic-tumor-
bearing mice with the anti-IL-9 antibody can delay tumor
growth, possibly via the inhibition of the STAT3 signaling
pathway. Further experimentation using other pancreatic
cancer mouse models is required to validate these results.
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Abstract

Background. MicroRNA (miRNA) is a kind of non-coding small RNA with a negative requlating function.
Some miRNAs play a role in requlating the differentiation and function of osteoblasts, chondrocytes and
osteoclasts.

Objectives. Inthis study, we analyzed the role of miR-29a and dickkopf-1 (DKK-1) in osteoblast differentiation.

Material and methods. Specimens were collected from the surgical resection of pathological ankylosing
spondylitis (AS) tissue and some normal tissues. The expression of miR-29a, DKK-1 and f-catenin in normal
and AS tissues were detected with real-time polymerase chain reaction (RT-PCR) and western blotting. Cell
proliferation was detected with a Cell Counting Kit-8, cell migration and invasion were determined using
a Transwell system and cell apoptosis was analyzed with flow cytometry. The luciferase reporter gene plasmid
pGL3-DKK-1and a point-mutation of the luciferase reporter gene plasmid mut-pGL3-DKK-1 were constructed.

Results. It was found that miR-29a could promote the proliferation of hFOB1.19 cells, while DKK-11inhibited
their proliferation. Also, miR-29a was able to inhibit the apoptosis of hFOB1.19 cells, while DKK-1 was able
to promote the apoptosis of hFOB1.19 cells. When it comes to the invasion and migration of hFOB1.19 cells,
miR-29a was found to promote it, while DKK-1 did not.

Conclusions. These findings will lead to a better understanding of the proliferation and differentiation
of osteoblasts and will provide new insights for the treatment of this disease.

Key words: p-catenin, Dkk-1, miR-29a, si-RNA
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Introduction

Osteoblasts and osteoclasts are the 2 major types of bone
cells involved in the bone remodeling process. Bone mass
is regulated both by the number of mature osteoblasts and
by their bone-forming activity.! Osteoblasts come from
mesenchymal stem cells (MSCs) which have multipotent
differentiation potential. They can eventually become bone
cells after cell proliferation, differentiation and mineral-
ization, thus promoting bone formation and maintain-
ing bone mass. Multiple signaling pathways have been
found to be able to regulate osteoblast differentiation, i.e.,
BMP/Smads and Wnt/p-catenin.?

MicroRNA (miRNA) is a class of noncoding single-
strand RNA molecules encoded by endogenous genes,
with a length of 19-25 nucleotides; it is highly conserved
among species. The miRNA usually acts on 1 or more
messenger RNAs (mRNA) and negatively regulates gene
expression by degrading mRNA or inhibiting its transla-
tion level. Some miRNAs were reported to regulate stem
cell differentiation into osteoblast and bone formation.*
MicroRNA-29 has been found to be the key regulator
in bone formation, absorption, remodeling, and repair.
Human miR-29 includes miR-29a-3p, miR-29b1, miR-29b2,
and miR-29c. MicroRNA-29a signaling has been found
to protect against glucocorticoid-induced disturbance
of Wnt and DKK-1 activity and to improve osteoblast dif-
ferentiation and mineral acquisition.>® MicroRNA-29b
has been functionally characterized as a positive regulator
of osteoblastogenesis.” Previous studies have confirmed
that in primary cultures of murine calvarial osteoblasts,
expression of miR-29 family members did increase in os-
teoblastic differentiation progression.®® MicroRNA-29a
could promote osteogenic differentiation of mesenchymal
stem cells by targeting HDAC4.1°

As akey signaling protein of the Wnt signaling pathway,
[-catenin also plays an important role in postnatal bone
development and bone maintenance in mice. The mutation
of the B-catenin gene can induce bone loss and increase
the number of osteoclasts in mice.!! It can also induce
ectopic chondrocyte formation and inhibit normal os-
teogenesis by selectively knocking out the 3-catenin gene
in the MSCs which are differentiated into osteoblast cell
lines.!? In addition, the related antagonists of the Wnt/pB-
catenin signaling pathway — such as dickkopfs (DKKs),
secretory curl-related proteins and bone sclerosis protein
— can also act on the Wnt and LRP5/6 receptors, and can
indirectly regulate bone mass and osteogenic differentia-
tion.!3 The Wnt/B-catenin signaling pathway is composed
of extracellular factor Wnt, transmembrane receptor,
[-catenin, “degradation complex”, and transcription factor
T cytokines. The transmembrane receptors are composed
of 2 kinds of proteins: one is a member of the 7 trans-
membrane crimp protein receptor family and the other
is LRP5/6, a member of the low-density-lipoprotein-recep-
tor-related protein (LRP) family. Regular Wnt signals are
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activated only when the curl protein and LRP are combined
with Wnt. Therefore, restricting the expression of LRP
or Wnt can block the Wnt/B-catenin pathway, indicating
that the expression level of dickkopf-1 (DKK-1) is related
to the Wnt/catenin pathway, which contributes to the dif-
ferentiation of osteoblasts.

In this study, we analyzed the role of miR-29a and DKK-1
in osteoblast differentiation. These findings will help
to provide new insights for the treatment of this disease.

Material and methods
Subjects

Specimens were collected from the surgical resection
of AS pathological tissue and some normal tissues from
the Department of Spinal Surgery at the First Affiliated
University Hospital of Anhui Medical University, Hefei,
China, from June to December 2017. All subjects signed
informed consent forms and the study was approved
by the ethics committee of Anhui Medical University.

Cell culture

Human osteoblast cells from cell line hFOB1.19 were
purchased from the American Type Culture Collection
(ATCC; Manassas, USA). The cells were cultured with Dul-
becco’s modified Eagle medium (DMEM/F12) (HyClone;
GE Healthcare Life Sciences, Logan City, USA) containing
10% fetal bovine serum (FBS) (HyClone; GE Healthcare
Life Sciences), 0.03 mg/mL of G418, 100 U/mL of penicil-
lin G, and 100 U/mL of treptomycin sulfate (Invitrogen,
Carlsbad, USA). Nthyori 3-1 cells were cultured with HG
RPMI1640 medium containing 10% FBS, 100 U/mL of pen-
icillin G and 100 U/mL of treptomycin sulfate (Invitrogen)
at 37°C in a humidified atmosphere with 5% CO,.

RNA extraction and qRT-PCR

The total RNA was extracted using a Trizol reagent
kit (Invitrogen) according to the manufacturer’s proto-
col. RNA concentration and purity were measured using
a Qubit Fluorometer (Thermo Fisher Scientific, Waltham,
USA). A total of 1 pug of RNA was subjected to reverse tran-
scription using a MMLYV Reverse Transcriptase Kit (Takara
Bio China Inc., Dalian, China). Quantitative polymerase
chain reaction (QPCR) was performed using a GenePharma
Hairpin-it™ microRNA RT-PCR Quantitation Kit (Suzhou
GenePharma Inc., Suzhou, China). The form of miRNA
was mature, the primer was specific for 3p and the 2-AACT
quantification method was used. The thermocycling
conditions were as follows: pre-degeneration at 95°C for
10 min, followed by 40 cycles of 95°C for 12 s and 62°C
for 40 s; U6 and GAPDH genes were used as an internal
control. The primers used in this study were as follows:
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DKK-1 (accession number: NM_012242.3) forward: 5-TG-
GAACTCCCCTGTGATTGC-3 and reverse: 5-AATAG-
GCAGTGCAGCACCTT-3’; B-catenin (accession number:
NM_957217.4) forward: 5-GCGTTAACCTGCCTTT-
GAGC-3’ and reverse: 5-CTGGGCTGGCATGTAACT-
CA-3’; U6 forward: 5-CTCGCTTCGGCAGCACA-3" and
reverse: 5-AACGCTTCACGAATTTGCGT-3; GAPDH
forward: 5-~ACCTGACCTGCCGTCTAGAA-3" and re-
verse: 5-TCCACCACCCTGTTGCTGTA-3.

Small interfering (si) RNA transfection

The cells were randomly divided into 4 groups: con-
trol, DKK-1 overexpression, DKK-1 siRNA, and miR-29a.
MicroRNA-29a mimics, DKK-1 overexpression lysates
and DKK-1 siRNAs were purchased from Hanbio Bio-
technology Co., Ltd. (Shanghai, China). The mimic used
in transfection was specific for 3p. They were transfected
into the hFOBL1.19 cells. All siRNA transfections were
performed using Lipofectamine 2000 Reagent (Life Tech-
nologies, Carlsbad, USA), according to the manufacturer’s
recommendations.

Western blotting

The cells in the logarithmic growth period were har-
vested and lysed with Cell Lysis Solution (Sigma-Aldrich,
St. Louis, USA); they were then centrifuged at 10,000 rpm
at 4°C for 5 min. The nucleus and plasma proteins were
extracted using a Nuclear and Cytoplasmic Protein Extrac-
tion Kit (Beyotime, Shanghai, China) according to manu-
facturer’s instructions. The proteins were loaded on 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gels (50 pg
per lane) and transferred onto polyvinylidene fluoride
membranes (PVDF; Amersham Biosciences, Piscataway,
USA). The membranes were blocked for 2 h at 37°C with 5%
non-fat milk in Tris-buffered saline with Tween 20 (TBST)
and were incubated overnight at 4°C with primary anti-
bodies, all sourced from Abcam (Cambridge, UK): 1:1000
DKK1; 1:1000 Wnt; 1:1000 B-catenin; 1:1000 p-p-catenin;
1:1000 caspase3; 1:1000 caspase 12; and 1:2000 GAPDH.
Then, they were incubated with an HRP-conjugated
secondary antibody (1:50,000, Abcam) for 1 h at 37°C.
The membranes were coated with ECL luminescence
reagent (Perkin-Elmer Inc., Waltham, USA) and, after
the film was washed 3 times, they were observed using
an Imagequant LAS4000 (GE Healthcare, Tokyo, Japan).
GAPDH was used for normalization.

Cell proliferation detection

Cell proliferation was measured with a Cell Counting
Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) according
to the manufacturer’s protocol. The cells in the logarith-
mic growth phase were digested with trypsin and inocu-
lated into 96-well plates (2,000 cells/well); they were then

1295

cultured overnight. Into each well, 10 uL of CCK-8 solu-
tion was added. The A450 values were determined with
an Epoch Microplate Spectrophotometer (Bio Tek, Win-
ooski, USA) every day after culturing for 1-5 days in order
to evaluate the proliferation of cells.

Cell migration and invasion assay

Cell migration and invasion were determined us-
ing a Transwell system (Corning, Inc., Corning, USA).
The cells were trypsinized and re-suspended in serum-
free medium and 0.1 mL of cells (300,000/mL) were added
to the upper chamber of the 24-well Transwell system.
The invasion assay was performed using Matrigel ma-
trix (BD Biosciences, San Jose, USA) as a barrier through
which the cells had to pass. The migration assay did not
use Matrigel. The lower chamber had 0.6 mL of a medium
containing 10% FBS added to it. The cells were incubated
at 37°C for 12 h for the migration test and they continued
to culture at 37°C for 24 h for the invasion test. The cells
were fixed and stained with 0.1% crystal violet dye (Rich-
ard—Allan Scientific, San Diego, USA). They were washed
twice with PBS. The stained cells were observed under
an inverted microscope.

Apoptosis analysis

Cell apoptosis was analyzed with flow cytometry (FAC-
Scan; BD Biosciences) using an Annexin V-FITC Analysis
Kit (Beyotime) according to manufacturer’s instructions.
The cells in each group were cultured for 48 h under the same
conditions before being harvested and digested with trypsin.
The digested cells were washed with the pre-cooled PBS
3 times, and were then lightly resuspended by adding 195 puL
of annexin V-FITC binding solution; 5 uL of annexin V-FITC
was added and the solution was gently mixed. The cells
were incubated at room temperature (20-25°C), avoiding
light, for 10—20 min after 10 pL of propidium iodide stain-
ing solution was gently stirred in. They were detected using
CELLQUEST software (BD Biosciences).

Double luciferase reporter gene analysis

The luciferase reporter gene plasmid pGL3-DKK-1 and
a point-mutation of luciferase reporter gene, plasmid mut-
pGL3-DKK-1, were constructed. The 293T cells were in-
oculated into 24-well plates and were cultured overnight;
the luciferase reporter plasmid, Renilla luciferase and miR-
29a-3p mimic or a control were transfected into the 293T
cells simultaneously. The cells were split after culturing
for 48 h using a Dual Luciferase Reporter Assay System
(Promega, Madison, USA) according to manufacturer’s
instructions. The results were measured using a Panomics
Luminometer (Affymetrix, Santa Clara, USA) after the lu-
minescence reagent was added. Sea renin fluorescence was
used as an internal reference.
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Statistical analysis

Statistical analysis was performed using one-way analy-
sis of variance (ANOVA) or Student’s t-test with SPSS v.
17.0 software (SPSS Inc., Chicago, USA). The data are ex-
pressed as mean + standard deviation (SD). A p-value <0.05
was considered to be statistically significant.

Results

Changes of miR-29a, DKK-1 and -catenin
expression in normal and AS tissues

A total of 10 cases of pathological AS tissues and normal
tissues were detected with real-time polymerase chain
reaction (RT-PCR) and western blotting. We found that
the expression level of DKK-1 was higher in AS tissues
than in normal tissues (p < 0.01). However, the expression
levels of B-catenin and miR-29a were lower in AS tissues
than in normal tissues (p < 0.01, Fig. 1).

F. Zhang, et al. miR-29a promotes osteoblast proliferation

Upregulation of miR-29a

or downregulation of DKK-1 expression
promoted B-catenin expression

in hFOB1.19 cells

The RT-PCR showed that miR-29a expression was upreg-
ulated in the miR-29a group; there were no obvious chang-
es in the other groups. Compared with the control group,
the expression of DKK was upregulated in the DKK over-
expression group, and it was downregulated in the DKK/
siRNA and miR-29a groups (p < 0.01). Western blotting
showed that the expression of B-catenin, Cyt-p-catenin,
Nuc-B-catenin, and Wnt in the DKK overexpression group
was downregulated, while in the DKK/siRNA and miR-29a
groups it was upregulated. The expression of p-p-catenin
in the DKK overexpression group was upregulated, while
it was downregulated in the DKK/siRNA and miR-29a
groups (p < 0.01, Fig. 2).
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Fig. 1. MicroRNA-29a, DKK-1 and {3-catenin
expression in normal and AS tissues. A — RT-PCR

10 results of miR-29a mRNA; B — RT-PCR results

of DKK-T mRNA; C - RT-PCR results of 3-catenin
mRNA; D and E — western blotting results
of DKK-1 and (3-catenin protein expression
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Fig. 2. Upregulation of miR-29a-3p
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MicroRNA-29a promoted the proliferation
of hFOB1.19 cells, while DKK-1 inhibited
their proliferation

Cell proliferation was detected using a CCK-8 kit.
It was found that the upregulation of DKK-1 in hFOB1.19
cells inhibited the proliferation of hFOB1.19 cells, while
the upregulation of miR-29a or downregulation of DKK-1
promoted the proliferation of hFOB1.19 cells (p < 0.05,
Fig. 3).

MicroRNA-29a inhibited the apoptosis
of hFOB1.19 cells, while DKK-1 promoted
their apoptosis

Flow cytometry showed that the upregulation of miR-
29a or the downregulation of DKK-1 in hFOBI1.19 cells
inhibited cell apoptosis, while the upregulation of DKK-1
in hFOB1.19 cells promoted cell apoptosis. Both the up-
regulation of miR-29a and the downregulation of DKK-1
at the same time inhibited the expression of apoptotic
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Fig. 3. MicroRNA-29a promoted the proliferation of hFOB1.19 cells, while
DKK-1 inhibited the proliferation of hFOB1.19 cells

*p < 0.05 vs control, **p < 0.01 vs control.
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proteins caspase-3 and caspase-12. The upregulation
of DKK-1 promoted the expression of those 2 apoptotic
proteins (p < 0.01, Fig. 4).

MicroRNA-29a promoted the invasion and
migration of hFOB1.19 cells, while DKK-1
inhibited invasion and migration

The Transwell assays showed that the upregulation
of miR-29a or the downregulation of DKK-1 in hFOB1.19
cells promoted the invasion and migration of hFOB1.19
cells, while the upregulation of DKK-1 inhibited the in-
vasion and migration of hFOBI1.19 cells (p < 0.01, Fig. 5).

MicroRNA-29a targeted 3’'UTR of DKK-1
and inhibited its expression

The bioinformatics analysis predicted that miR-29a-
3p can directly act on the 3’'UTR of DKK-1. Analysis
of the double luciferase reporter gene showed that miR-
29a-3p could act on the 3'UTR of DKK-1 and could inhibit
the expression of luciferase (p < 0.01). When the 3’'UTR
domain of DKK-1 was point-mutated, the inhibitory effect
of miR-29a-3p disappeared (Fig. 6).

F. Zhang, et al. miR-29a promotes osteoblast proliferation

Discussion

A previous study reported that the overexpression
of miR-29a significantly enhanced the differentiation
of HMSCs into osteoblasts, while the inhibition of miR-
29a markedly blocked the osteoblastic differentiation
of HMSCs.! In the current study, we found that miR-29a
and DKK-1 played an important role in osteoblast dif-
ferentiation. MicroRNA-29a promoted the proliferation
of hFOBL1.19 cells, while DKK-1 inhibited the proliferation
of hFOB1.19 cells. MicroRNA-29a inhibited the apoptosis
of hFOB1.19 cells, while DKK-1 promoted the apoptosis
of hFOB1.19 cells. MicroRNA-29a promoted the invasion
and migration of hFOB1.19 cells, while DKK-1 inhibited
the invasion and migration of hRFOB1.19 cells. Osteoblasts,
as the main functional cells of bone formation, will gradu-
ally express specific markers, such as ALP, osteocalcin,
serotype I procollagen C end peptide, etc., in the pro-
cess of differentiation and maturation. At the same time,
itis also regulated by a series of transcription factors, such
as Runt-related transcription factor 2 (Runx2), Osterix/
Sp7, p-catenin, transcription-activating factor 4, nuclear-
factor-activating protein 1, SMADs, DKK-1, etc.* They
cooperate with each other to participate in the regulation
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group; B — apoptosis detection in the DDK-1 overexpression group; C — apoptosis detection in the DKK/siRNA group; D — apoptosis detection in the miR-29a
group; E — comparison of apoptosis ratio in different groups; F — western blotting results of caspase-3 and caspase-12 proteins expression

**p < 0.01 vs control.
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Fig. 5. MicroRNA-29a promoted the invasion
and migration of hFOB1.19 cells, while DKK-1
inhibited invasion and migration. A — images
of cell migration and invasion in different
groups; B — comparison of cell migration

in different groups; C — comparison of the cell
invasion in different groups

**p < 0.01 vs control
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of osteoblast differentiation and bone formation. In par-
ticular, all signaling pathways involved in the network di-
rectly or indirectly affect DKK-1, and ultimately regulate
the expression of downstream target genes, thus they regu-
late osteoblast differentiation and bone formation.!® It has
been found that DKK1 inhibits the expression of Wnt3a
and indirectly inhibits the activity of B-catenin.!® In this
study, we found that the expression level of DKK-1 was
higher in AS tissues than in normal tissues. However,

the expression levels of f-catenin and miR-29a were low-
er in AS tissues than in normal tissues. The expression
of DKK-1 could be downregulated by the overexpression
of miR-29a. On the contrary, altered expression of DKK-1
does not affect the expression of miR-29a, which suggests
that DKK-1 is the downstream responder of miR-29a.

In the classical Wnt signaling pathway, Wnt proteins
(Wntl, Wnt3a, Wnt8a, and Wntl0b) inhibit the ac-
tivity of P-catenin-degrading complex after binding
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to the transmembrane-specific receptor frizzled protein
(Frz) and the low-density lipoprotein (LDL) receptor-re-
lated protein 5/6 (LRP5/6), so that the level of f-catenin
in cells increases and the transcription of downstream
target genes starts. Dickkopf-1 is an inhibitor of the clas-
sical Wnt signaling pathway; it can passivate LRP5/6
and weaken the binding of the Wnt protein to LRP5/6,
thus inhibiting the activation of the classical Wnt sig-
naling pathway.!”!® The Wnt signaling pathway is classi-
fied into classical and non-classical signaling pathways,
based on whether or not -catenin participates. The role
of the classical Wnt signaling pathway (Wnt/B-catenin
pathway) in osteoblasts is an important topic in studies
on bone growth and development and bone metabolism.
MicroRNA-29a plays a key role in the process of osteogenic
differentiation and is closely related to AS. Previous studies
have indicated that miR29a is associated with bone forma-
tion. It suppressed osteonectin expression in osteoblasts
by regulating the process of differentiation via the Wnt
signaling pathway, and modulated osteoblast differentia-
tion, playing an important role in skeletal remodeling and
bone mass stability.!*2? It was found that when there was
a lack of Wnt protein outside the cell, the p-catenin could
be degraded, blocking the Wnt/B-catenin signaling path-
way and inhibiting the proliferation and differentiation
of osteoblasts. Wnt/B-catenin signaling plays a critical role
in the achievement of peak bone mass, affecting the com-
mitment of mesenchymal progenitors to the osteoblast
lineage and determining the anabolic capacity of osteo-
blasts depositing bone matrix.2-2

Conclusions

In brief, our results demonstrated that miR-29a could
stimulate the proliferation, migration, invasion, and dif-
ferentiation of osteoblasts by activating the Wnt/[-catenin
pathway in hFOB1.19 cells and reducing the expression
of DKK-1.
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Abstract

Background. Non-healing wounds are becoming a growing concern for public health as a result of their
increasing prevalence in progressively aging societies.

Objectives. The aim of this article is to evaluate the effects of wound etiology on a panel of circulating
cytokines in patients with non-healing wounds of the lower extremities.

Material and methods. This prospective case-control study involved 104 individuals: healthy elderly
people (n = 46) and patients with diabetes and/or cardiovascular disease (n = 58; among them 38 with
chronic wounds of venous, ischemic or neurotrophic etiology). Selected serum cytokines — iie. I-1p, 1L-4,
IL-6, IL-8, FGF-2, G-CSF, GM-CSF, MCP-1, MIP-1a, TNF-a, VEGF-A, and PDGF-BB — were measured using
the Luminex platform.

Results. Compared to healthy elderly people, presence of diabetes and/or cardiovascular disease was as-
sociated with elevated IL-6, 1L-8, MCP-1 and G-CSF while non-healing wounds coexisted with the increase
in the levels of all examined cytokines/growth factors except for G-CSF and GM-CSF. Among diseased elderly
people, having wounds was associated with increased levels of IL-1B, IL-4, IL-6, IL-8, FGF-2, MIP-1a, PDGF-BB,
and VEGF-A. Interleukin 16 elevation was a sole independent predictor of chronic wounds with an odds ratio
(OR) of 6.3. Cytokines in healthy seniors were loosely interrelated, while the levels of cytokines in diseased
patients with wounds displayed a tight pattern of association. When stratified by their etiology, the association
pattern for IL-6, IL-8, MCP-1, and VEGF-A was disrupted in neurotrophic wounds.

Conclusions. The results presented herein may improve our understanding of the pathomechanisms which
lead to chronic wounds and of the effects they exert on a systemic level, as well as providing potential targets
for more effective therapies.

Key words: diabetes, venous stasis, ischemic wounds, neurotrophic wounds, inflammation
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Introduction

Conditions such as diabetes or atherosclerosis can dis-
turb blood flow, damage blood vessels, and, if severe, result
in ulcerations or gangrene, most often located in the lower
limbs. Moreover, together with age and obesity, they are
listed as key factors which adversely affect proper wound
healing. Taking into account the prevalence of obesity,
diabetes and cardiovascular disease among elderly people,
chronic wounds of the lower extremities are becoming
a growing socioeconomic problem for aging societies. Per-
sistent, frequent and often infected, they reduce quality
of life, rendering afflicted persons disabled and in need
of repeated hospitalization.> Non-healing wounds are
a major cause of morbidity and mortality and are respon-
sible for over 80% of diabetes-associated amputations.>*
Chronic wounds are currently estimated to affect up to 2%
of the general population but - because their prevalence
is increasing - it is predicted that they will affect % of el-
derly people by the year 2050.°

While the proper healing of an injury requires a se-
quence of events, tightly orchestrated in time and space
by a plethora of humoral mediators, chronic wounds are
believed to be locked in the initial inflammatory phase
without resolution.* A deregulated cytokine and growth
factor network which promotes an inflammatory re-
sponse but causes aberrations in immune cell recruit-
ment, shifts in the proteolytic balance and impaired
formation of blood vessels is implicated in the patho-
genesis of chronic wounds.® So far, most of the attention
has been focused on profiling cytokines and growth fac-
tors in wound fluids and biopsies, as they are believed
to reflect the microenvironment of non-healing wounds
best, whereas the pathogenic significance of the ac-
companying systemic inflammation has received little
attention.” However, alterations in local cytokine and
growth factor concentrations are unlikely to contribute
to the systemic effects of chronic wounds, such as con-
siderably higher mortality rates.®® Also, the collection
and analysis of wound exudates pose some technical and
interpretational problems.!® Even more importantly, high
proteolytic activity — a hallmark of non-healing wounds*
— is likely to falsify any results.

Thus, the purpose of our study was to profile, on a sys-
temic level, the key pro-inflammatory and pro-angio-
genic cytokines and growth factors and their interplay
in healthy elderly people compared with seniors bur-
dened with chronic conditions like diabetes and car-
diovascular disease, either without or with complica-
tions in the form of chronic wounds. Also, we aimed
to compare the cytokine profiles and correlation patterns
in patients with chronic wounds, stratified by wound
type and etiology.

M. Krzystek-Korpacka, et al. Cytokine profiles in chronic wounds

Material and methods
Study population

The study population consisted of 104 individuals: 48 ap-
parently healthy seniors and 56 elderly patients with diabe-
tes and/or cardiovascular disease — 38 of whom had chron-
ic wounds of the lower extremities. Patients with chronic
wounds were recruited from the Department of Angiology
of the Regional Specialist Hospital in Wroctaw, Poland.
Only patients with chronic wounds in the course of cardio-
vascular disease or diabetes were included, while patients
with non-healing wounds due to autoimmune diseases,
malignancy, infections, or drugs were excluded. Wound
etiology was determined by its characteristics (location and
an appearance of the wound, its borders, and the surround-
ing skin, pain, and the presence of bleeding on manipula-
tion) in conjunction with the patient’s history and clinical
assessment based on the ankle—brachial pressure index,
ultrasound, angiography, and computed tomography (CT),
among other things. The wound etiology was determined
to be as follows: venous stasis (n = 17), ischemic (arterial)
(n = 13) and neurotrophic (n = 6); in 2 cases, the dominant
component was unclear (mixed ischemic/venous). Many
of the patients (n = 27) exclusively had ulcerations, 5 had
ulcerations and gangrene, and 6 had gangrene alone. Of
the 11 patients with gangrene, 6 had wet gangrene and
5had dry gangrene. Phlegmons were present in 5 patients.
Data on hematological (hemoglobin, Hb; white blood cells,
WBC; and platelets, PLT), coagulation (activated partial
thromboplastin time, APTT) and biochemical (high-sen-
sitive C-reactive protein, hsCRP; and fibrinogen) indices
were prospectively collected and measured according
to standard procedures.

Twenty age-matched patients with a similar chronic dis-
ease burden (type 2 diabetes associated with hypertension,
hyperlipidemia, micro- and/or macroangiopathy, ischemic
heart disease, or peripheral artery occlusive disease) but
no limb ulcerations were recruited from the Department
of Angiology, Hypertension, and Diabetes of the Wroclaw
Medical University as a reference. Age and sex-matched
individuals with complaints of headaches and memory
loss but without mild cognitive impairment or demen-
tia and no other significant health history recruited from
the Research, Science, and Educational Center of Dementia
Diseases in Scinawa, Poland served as an additional control
group. The age distribution in these 3 groups was as fol-
lows: 68.3 +12.2 years, 65.7 +10.2 years and 64.4 £9.8 years
(p = 0.257), respectively, while the female-to-male ratios
were 17:21, 14:6 and 24:22 (p = 0.185), respectively.

The study conforms to the ethical principles outlined
in the Declaration of Helsinki. The study design was ap-
proved by the Medical Ethics Committees of Wroclaw
Medical University and the Regional Specialist Hospital,
and informed consent was obtained from the patients.
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Analytical methods

Blood was drawn with venipuncture and was then clotted
(30’) and centrifuged (15’, 720 x g). The resulting serum was
frozen at —80°C until examination. Cytokine profiling was
conducted in duplicate with flow cytometry-based method
using magnetic microspheres conjugated with monoclonal
antibodies using a BioPlex 200 (Bio-Rad, Hercules, USA),
according to the manufacturer’s instructions, incorporat-
ing Luminex xMAP® technology and validated custom
plexes allowing for simultaneous measurement of inter-
leukin (IL)-1pB, IL-4, IL-6, IL-8, fibroblast growth factor
(FGF)-2, granulocyte colony-stimulating factor (G-CSF),
granulocyte-macrophage colony-stimulating factor
(GM-CSF), monocyte chemoattractant protein (MCP)-1,
macrophage inflammatory protein (MIP)-1a, tumor ne-
crosis factor (TNF)-a, vascular endothelial growth factor
(VEGEF)-A, and platelet-derived growth factor (PDGF)-BB.
Standard curves were drawn using 4- or 5-parameter logis-
tic (PL) regression and the data was analyzed using BioPlex
Manager v. 6.0 software (BioRad).

Statistical analysis

The data distribution was tested with the Kolmogorov—
Smirnov test and equality of variances was tested using
Levene’s test. Intergroup differences were analyzed using
one-way analysis of variance (ANOVA) and the t-test for
independent samples with Welch correction, where ap-
propriate, or the Kruskal-Wallis H test or Mann—Whitney
U test. The data is presented as means or medians with
a 95% confidence interval (95% CI). Frequency analysis was
conducted using the x? test. Patterns of univariate correla-
tions were established using the Pearson’s or Spearman’s
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tests. For limited data sets, the Spearman’s test was applied,
as it is less sensitive to outliers, and the results were addi-
tionally verified with the Kendall test. Logistic regression
was conducted using the stepwise method with p = 0.05
and p = 0.1 as entrance and removal criteria. All calcu-
lated probabilities were two-tailed and p-values <0.05 were
considered statistically significant. The analyses were per-
formed using MedCalc® v. 14.10.2 (MedCalc Software,
Mariakerke, Belgium) statistical software.

Results

Circulating cytokines in patients

with chronic wounds and age-matched
controls with or without comparable
chronic disease burden

We compared the levels of circulating cytokines in pa-
tients with chronic wounds with those found in individuals
with a comparable disease burden (cardiovascular disease
or diabetes) but without chronic wounds, and with those
of elderly people without significant medical history, who
served as age-matched controls. Interleukin 6, IL-8, G-CSF,
and MCP-1 were the only cytokines which were significantly
higher in the patients without wounds than in the controls.
In turn, compared to the healthy controls, the patients with
chronic wounds had elevated levels of all cytokines apart
from G-CSF and GM-CSE. The elevation of IL-1p, IL-4, IL-6,
IL-8, FGF-2, MIP-1a, PDGF-BB, and VEGF-A was more ac-
centuated in patients with chronic wounds than in patients
with similar disease burden but no wounds (Table 1).

In a logistic regression analysis (stepwise method),
an increase in IL-1p alone was an independent predictor

Table 1. Systemic levels of key inflammatory cytokines and growth factors in the study population

Patients with chronic wounds (W)

Controls (C)

Cytokine/growth factor

IL-1B [ng/L] 6.5 (54-8.3)°¢
I-4 [ng/L) 59 (4.7-77)P¢
IL-6 [ng/L] 23.3 (18.5-34.6)°¢
I-8 [ng/L] 1396 (976-173.7)°¢
FGF2 [ng/L] 321 (28.1-34.4)°¢
G-CSF [ng/L] 243 (21.3-277)
GM-CSF [ng/L] 13.8 (11.0-184)
MCP-1 [ng/L] 70.2 (59.6-82.7)¢
MIP-1a [ng/L] 11.1 (9.7-13.6)°¢
PDGF-BB [ug/L] 3.6 (2.8-4.5)PC
TNF-a [ng/L] 14.6 (11.0-18.6)
VEGF-A [ng/L] 328 (170.4-478.4)°C

Diseased seniors (D) |

0(0.0-04)V 0 (0.0-0.0)" <0.001%
1.5(1.2-1.9)Y 1.3 (1.2-1.6)" <0.001¢
69 (5.3-10.1)V¢ 4.6 (3.7-5.0"P <0.001€
16.6 (11.4-24.1)1¢ 10.7 (9.2-13.5)WP <0.001¢
43(0.2-6.3)Y 41 27-1.3" <0.001€
327 (254-43.1)¢ 21.2 (17.8-25.3)° 0.009%
11.3 (7.0-22.7) 15.2 (11.7-194) 0.961¢
66.8 (53.4-83.6) 38.5 (30.9-48.0)"P <0.001*
14 (0.6-1.9)Y 1.7 (1124 <0.001€
21(1.7-2.8) 172 142" <0.001*
12.9 (9.4-15.3) 10.6 (7.8-14.)" 0.031%
50.1 (26.2-88.2)V 46.6 (374-58.7)" <0.001€

Data is presented as means or medians with a 95% confidence interval (95% Cl) and was analyzed with one-way ANOVA or the Kruskal-Wallis H test.

D - significantly different from diseased seniors without chronic wounds; W - significantly different from patients with chronic wounds; C - significantly
different from apparently healthy age-matched controls; K — Kruskal-Wallis H test; A — one-way ANOVA,; IL - interleukin; FGF2 - fibroblast growth factor 2;
G-CSF - granulocyte colony-stimulating factor; GM-CSF — granulocyte-macrophage colony-stimulating factor; MCP-1 — monocyte chemoattractant
protein-1; MIP-1a — macrophage inflammatory protein-1a; PDGF-BB - platelet-derived growth factor BB; TNF-a — tumor necrosis factor a; VEGF-A — vascular

endothelial growth factor A.
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of the presence of chronic wounds (b = 1.84, const. —5.26;
p < 0.0001) with an OR of 6.32 (95% CI = 2.6-15.6), cor-
rectly classifying 99% of cases with an area under the curve
(AUC) = 0.995 (0.96-1.0).

Correlations of circulating cytokines and
growth factors with laboratory parameters
in patients with chronic wounds

Although there was no direct correlation with hemo-
globin concentration, circulating IL-8 was significantly
higher in the patients with hypochromia (137.6 pg/mL
(107-168) vs 212.5 pg/mL (163-263), p = 0.007) and
MIP-1a (12.2 pg/mL (10.2-14.3) vs 15.1 pg/mL (12.7-17.4),
p = 0.061), IL-6 (23.3 pg/mL (17.9-47.6) vs 42.2 pg/mL
(26.5-133.2), p = 0.071), and VEGF-A (332 pg/mL (133—
694) vs 614 pg/mL (326-1278), p = 0.087) tended to be

M. Krzystek-Korpacka, et al. Cytokine profiles in chronic wounds

higher as well. MCP-1 (r = -0.5, p = 0.036) and PDGF-BB
(r = -0.48, p = 0.042) were inversely correlated with acti-
vated partial thromboplastin time, an indicator of the ef-
ficacy of coagulation pathways, and a similar tendency was
observed for IL-4 (r = —0.46, p = 0.056).

Apart from IL-6 (r = 0.49, p = 0.009, n = 27), none
of the studied cytokines and growth factors correlated
with CRP. However, there were significant positive corre-
lations with fibrinogen: TNF-a (r = 0.52, p = 0.012), IL-1p
(r = 048, p = 0.021), IL-6 (r = 0.45, p = 0.032), GM-CSF
(r=0.47,p =0.023), G-CSF (r = 0.46, p = 0.029), and FGF-2
(r = 0.38, p = 0.073). The same held true for WBC count:
TNF-a (r = 0.57, p = 0.002), MIP-1a (r = 0.42, p = 0.031),
IL-4 (r = 0.46, p = 0.016), IL-1p (r = 0.54, p = 0.004), IL-6
(r = 0.38, p = 0.050), IL-8 (r = 0.47, p = 0.014), GM-CSF
(r=0.60, p <0.001), G-CSF (r = 0.56, p = 0.002), and FGF-2
(r = 0.57, p = 0.002). Likewise, positive correlations were
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Fig. 1. Systemic levels of key inflammatory cytokines and growth factors in patients with chronic wounds stratified by wound etiology

| — patients with ischemic (arterial) wounds; N — patients with neurotrophic wounds; V — patients with vascular stasis wounds. Boxes represent interquartile

range; bars inside boxes — medians; whiskers — 95% confidence intervals (95% Cl); triangles — means.
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found between fibrinogen and PLT count: TNF-a (r = 0.44,
p = 0.021), MIP-1a (r = 0.52, p = 0.006), IL-4 (r = 0.38,
p = 0.048), IL-1p (r = 0.43, p = 0.025), IL-8 (r = 0.53,
p = 0.004), GM-CSF (r = 0.45, p = 0.018), and G-CSF
(r=0.39, p = 0.044).

Correlations of circulating cytokines
and growth factors with wound type

There were tendencies towards more accentuated eleva-
tions of IL-6, IL-8, MIP-1«, and VEGEF-A levels (p = 0.145,
p =0.186, p = 0.137,and p = 0.169, respectively) in patients
with both gangrene and ulcerations compared to those
with ulcerations alone. There were no significant differ-
ences in circulating cytokines or growth factors in terms
of the type of gangrene (wet vs dry) or the presence
of phlegmon.

Correlations of circulating cytokines
and growth factors with wound etiology

When stratified by wound etiology, there were signifi-
cantly higher levels of IL-1p, IL-4, IL8, FGF-2, G-CSF,
GM-CSF, PDGEF-BB, and TNF-a in patients with neuro-
trophic wounds than with ischemic ones. Interleukin 6
displayed a similar tendency. G-CSF and IL-6 were

Table 2. Cytokine correlation pattern in the study population
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significantly higher in neurotrophic wounds than venous
ones as well (Fig. 1).

Moreover, G-CSF levels in patients with ischemic
(p = 0.015) and venous (p = 0.025) wounds were signifi-
cantly lower than in individuals with a similar burden
of chronic diseases but no wounds. While IL-1f, IL-4,
IL-6,1L-8, FGF-2, MIP-1a, and VEGEF-A were significantly
higher in patients with chronic wounds than in controls
independent of their etiology, there were differences con-
cerning PDGF-BB and TNF-a. The wound-associated
elevation of PDGF-BB in these patients compared to ones
with a similar disease burden was significant exclusively
in neurotrophic wounds (p < 0.001; p = 0.061 for venous
and p = 0.384 for ischemic). Compared to individu-
als without a significant medical history, there was no
elevation of PDGF-BB in ischemic wounds (p = 0.131;
p = 0.0001 for neurotrophic and p = 0.003 for venous).
Tumor necrosis factor a was significantly higher in pa-
tients with neurotrophic wounds than in healthy con-
trols (p = 0.013; p = 0.179 for ischemic and p = 0.089 for
venous).

Cytokine interplay

The associations observed in the healthy elderly people
were either nonexistent or less accentuated than those

Cymk;:cet/grm‘”th FGF2 | G-CSF | GM-CSF | LB ‘ IL-4
ns Q.73 ns 0.51%#
RO 073" 047* 0.50* 0.75*
: . ~ ns 0.49%* 0.52%
G-CoF 084 ns 0675 | 080"
) 0 7 _ ns 0.56"
GM-CSF 0.89 092 0485 | 04758
0395

_ # # # _

IL-1B 0.83 097 093 0535t

IL-4 0.86" 091 0.82 0.89* =
IL-6 042 | 068% | 055 | 062% | 062
-8 0.58" 075" 061 071 076"
MCP-1 0.39* 049" 050" 044" 045"
MIP-la 0.68" 078" 069" 077" 0.84*
PDGF-BB 0.88" 0.86" 0.89* 0.86* 0.88
TNF-a 0.76* 0.85* 0.85* 0.86" 075"
VEGF-A 0.55" 0.69* 057" 064" 065"

‘ IL-6 ‘ IL-8

MCP-1 MIP-1a | PDGF-BB | TNF-a | VEGF-A
ns ns —0.29% = 0.59° 0.63% 0.39° ns
074% | 070" ns 070% | 063" | 073" | 060"
0.63°* 0.58* ns 0.32* ns 0.60* 0.59%
0.81% 0.76% ns 0.75% 0.54* 0.84#° 0.65"

0.30% ns -0.35% ns 0.55* 0.39¢ ns
ns ns ns ns ns 046*° ns
0.58% ns ns ns ns 0.48% 0.44°
0.62°° 0.51* ns ns 047% 0.73% 0.62%
0.54%* ns ns 0.36* 0.51* 0.61* 0.32*
0.56°" 0.62°5 ns 0.53*% 0.87* 0.70% 0.54*

~ 0.37% ns ns ns 0.53%* 0.59°"
0.69%° ns 0.54%5 ns 0.66" 0.74%
& B ns ns ns 0.36* ns
0 ns 0.84% ns 057t 0617
0435 044t ~ ns ns ns ns
' ' ns ns ns ns
0.37* 0.53* ns
St # * _
069 075 040 . 06t | 049%
0.31* ns
S# # 1 # _
0.55 0.63 047 0.72 0.5 ns
055% | 054 | 046" = 064 072 - L
’ ’ ’ ’ : 0.55%°
0.77%% 0.77* 046" 0.72% 0.53% 0.51% -

Unless otherwise indicated, data is presented as Pearson’s correlation coefficients. * - p < 0.05; ' = p < 0.01; # = p < 0.001; S - Spearman’s correlation
coefficient; ns — not statistically significant. Correlations for the chronic wound group are presented on the left of the table. Correlations for the healthy
elders are presented on the right of the table in regular font. Correlations for the diseased seniors without chronic wounds are presented on the right

of the table in italic font.
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Table 3. Cytokine correlation pattern in patients with chronic wounds stratified by wound etiology

ytokine/growth | kgr2 | G-CSF | GM-CSF | IL1B
ns | 0940 | ns | 083
Fer2 0697 | 081" 071t 075"
] . ) ns | 094 | 089
Geor 078 088" | 095 | 088
083 | 094
o it # _
GM-CSF 087" | 084 oo | e
094"
_ # # # _
18 076" | 095" | 090 e
-4 076t | 09%6' 076" | 092 -
-6 053 | 075 | 052 | o064 | 066
18 060* | 089 | 060 = 079 | 086"
MCP-1 049" | 055 | 051* | 050% | 048"
MIP-Ta 071" | 0%t | 073 | o9t | 094
PDGF-B8 0874 | 094 | 086" | 092 | 094
TNF-a 069" | 080* = 088 | 090* 076
VEGF-A 065 | 08" | 057" | 069" | 08

IL-6 IL-8 MCP-1 MIP-1a | PDGF-BB | TNF-a | VEGF-A
ns ns ns ns 1.00" ns ns
ns ns ns ns 0.79* 0.65% ns
ns ns ns 0941 ns 0.99* ns
ns 0.86" ns 0.73" 0.56* 0.81* ns
ns ns ns 0.83* 0.94" ns ns
ns 0.67* ns 0.67* 0.62* 0.89" ns
ns ns ns 1.00% ns 093" ns
ns 0.82% ns 0.66* 0.60* 0.85" 0.56*
ns ns ns 0.94" 0.83* 0.87* ns
ns 0.71° ns 0.78" 0.79" 0.75" ns
~ ns ns ns ns ns ns

0.63* ns ns ns ns 0.80*
. B ns ns ns ns ns
Ui ns 0.76 ns 0.68* 0.85%
067 | 058" - " " " "
ns ns ns ns
o n B ns 0.93* ns
069 084 s 0.64* 0.58* | 068
063" | 080 | 049* | 088" - ns ns
ns ns
* * # # ns
ns 0.59 0.55 0.73 0.79 - ns
0.85* 0.88" 0.64" 0.81* 0.71% ns -

* - <0.05; T - <0.07; * - <0.007; ns - not statistically significant. Data is presented as Spearman’s rank correlation coefficients. Correlations for venous
etiology are presented on the left of the table. Correlations calculated for neurotrophic etiology (in regular font) and for ischemic etiology (in italic font) are

presented on the right of the table.

in patients burdened with chronic diseases. Compared
to patients with chronic wounds, there were no interre-
lationships for MCP-1 and only a few for IL-8, MIP-1q,
PDGF-BB, and VEGF-A. In patients with chronic wounds,
all cytokines were correlated and the statistical power
of most of the observed associations was high (Table 2).

The analysis of patterns of cytokine correlation in pa-
tients with wounds stratified by wound etiology revealed
a pattern of tight associations for venous wounds, while
inischemic wounds the associations were looser, even more
so in neurotrophic wounds. The disruption of cytokine in-
terrelationships in neurotrophic wounds was particularly
evident for IL-6, IL-8, MCP-1, and VEGF-A — whose levels
did not correlate with any other cytokine — and, to a lesser
extent, for PDGF-BB and FGF-2 (Table 3).

Discussion

While there are number of studies which have profiled
mediators of inflammation, angiogenesis and matrix remod-
eling in wound exudates, we focused on the levels of these
mediators in circulation. The investigation of wound fluids
is compelling, as it may potentially provide insight into what
happens directly at the site of inflammation. However, due
to the extremely high proteolytic activity which may falsely
increase or decrease the availability of antigen epitopes for

antibody-based assays or may cause artificial mass shifts
in proteomic analyses, the examination of exudates may be
equally misleading. It may account for reported increases
in the levels of some cytokines with collection time and for
a diminished ability of exudate to stimulate human dermal
fibroblasts despite an elevated cytokine concentrations.!!
Consequently, the results of such analyses are often contra-
dictory, as exemplified by calcium-binding proteins SI00A8
and A9, the deficiency'? and overexpression!® of which have
both been named a hallmark of non-healing wounds. More-
over, circulating mediators can both regulate local processes
in a wound and exert an effect systemically. As such, pro-
filing them may help to reveal the mechanisms respon-
sible for systemic events contributing to the considerably
higher mortality rates of diabetics with ulcerations than
those without wounds (R = 1.49)3 or of seniors with chronic
wounds of various etiology compared to the age-matched
general population (28 vs 4%).”

Corroborating previous reports,”*17 all of our patients
with diabetes and/or cardiovascular disease, regardless
their wound status, had elevated levels of the cytokines
characteristic of vascular inflammation and inflammatory
milieu in diabetes: MCP-1, IL-6 and IL-8. MCP-1 is a key
monocyte-attracting chemokine released from vascular
endothelial cells (ECs) and smooth muscle cells (SMCs)
during the initial phases of atherosclerosis. It facilitates
trans-endothelial migration of adherent monocytes'
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and induces EC and SMC migration as well as SMC
proliferation.'®

Circulating MCP-1 is believed to be a reliable marker
of atherosclerotic plaque burden.?’ As such, the equally
high levels of MCP-1 in our diseased patients with and with-
out chronic wounds confirms that both study groups were
well-matched with respect to the degree of their affliction.
Elevated MCP-1 in the serum of diabetic patients who de-
veloped foot ulcers has been predictive of healing failure.?!

Interleukin 8, primarily a neutrophil-attracting chemo-
kine, is involved in the induction of monocyte adhesion
to the endothelium, the stimulation of SMC proliferation
and migration, and - in later stages — in the enhancement
of plaque angiogenesis.’® Interleukin 6, in turn, is one
of the key leukocyte-derived pro-inflammatory cytokines
which stimulates MCP-1 synthesis in macrophages and
CRP expression in hepatocytes, as well as inducing SMC
proliferation.?? However, inflammation is associated not
only with the initiation of atherosclerosis, but also with its
progression and the induction of plaque rupture.? In this
respect, it is interesting that the elevation of IL-6 and
IL-8 levels was more accentuated in diseased seniors with
wounds than in those without wounds (3.4-fold and 8.4-
fold, respectively) and in diseased patients without wounds
than in their healthy peers (1.5-fold). Interleukin 6, as well
as IL-6-induced expression of CRP and MCP-1 in plaque
macrophages, causes an overexpression of tissue factor (TF)
and hence activates the pro-coagulant pathway. Accord-
ingly, there was an adverse correlation between MCP-1 and
APTT which, if shortened, might be indicative of an in-
creased risk of thromboembolism. Also, IL-6 enhances
the expression of matrix metalloproteinases (MMPs),
facilitating the disintegration of fibrous caps, and thus
destabilizing plaques.!®?? Similarly, IL-8 induces the en-
dothelial expression of MMP-2 and MMP-9%* and inhibits
the expression of their inhibitor, TIMP-1.2°> As such, a more
pronounced systemic elevation of these MMPs in combina-
tion with non-healing wounds promotes and sustains in-
flammatory milieu within blood vessels and may translate
into the progression of atherosclerosis, plaque disruption
and thrombosis. Accordingly, an elevation in circulating
IL-8'8 or IL-6 level'®! is an independent predictor of car-
diovascular events in various clinical settings. Locally, such
a substantial upregulation of circulating IL-6 and IL-8 may
contribute to enhanced proteolytic activity and a degrada-
tion of growth factors within wounds, further disturbing
their proper healing.

In addition to IL-6 and IL-8, IL-1p and MIP-1a were
also more markedly upregulated in patients with chronic
wounds. Interleukin 10 released from keratinocytes signals
skin disruption, initiating and orchestrating the inflam-
matory response to injury.?® Accordingly, IL-1f alone was
capable of correctly predicting the presence of wounds
with 99% accuracy. Moreover, we observed a close correla-
tion between IL-1p and all other evaluated cytokines and
growth factors, which were either less accentuated or absent
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in individuals without chronic wounds. On the other hand,
IL-1B is a pivotal activator of endothelial pro-coagulant
activity and a suppressor of anticoagulant mechanisms,
thereby contributing to microvascular thrombosis.??
Moreover, since lipid overload is one of the key factors
contributing to plaque instability,?® the persistent upregu-
lation of circulating IL-1B, an inhibitor of cholesterol efflux
regulatory protein (CERP),*” may facilitate atheroma rup-
ture as well. Increased plaque infiltration with T cells and
macrophages is yet another indicator of plaque instability.??
In this respect, only in patients with diabetes/cardiovas-
cular disease and chronic wounds, an 8-fold upregulation
of circulating MIP-1a translates into accelerated migra-
tion of Th1 cells and cytotoxic CD8* T lymphocytes into
the inflamed vessels,?® the destabilization of existing ath-
eromas, and - locally - the perpetuation and acceleration
of inflammation within the wound. Indeed, an elevation
in circulating MIP-1a has been associated with short-term
mortality in patients with acute coronary syndrome.?

Several studies have shown lower levels of growth fac-
tors within chronic wounds than acute ones.?® However,
notwithstanding reservations concerning the reliability
of wound examinations, it has been suggested that chronic
wounds might not necessarily be deficient in growth fac-
tors but that the growth factors might be inefficient, being
trapped within the fibrin cuffs surrounding the capillar-
ies.?® Undoubtedly, the high activity of wound proteas-
es is likely to degrade both endogenous and exogenous
growth factors, rendering them ineffective as well. More-
over, the deregulation of downstream events has been dem-
onstrated and is likely to contribute.?® Accordingly, in our
patients with chronic wounds, the levels of key circulating
growth factors necessary for proper wound healing were
significantly higher: FGF-2 (7-fold), PDGF-BB (1.7-fold)
and VEGF-A (8-fold). Corroborating our observations,
an elevation in FGF-2 and PDGF-A A but not VEGF-A was
associated with a failure for diabetic foot ulcers to heal.?!
As with pro-inflammatory cytokines, the persistent sys-
temic upregulation of growth factors might be detrimental.
In fact, FGF-2, through the upregulation of MMP-2 and
MMP-9 expression and activity, contributes to the thin-
ning of the fibrous cap of an atheroma.?! VEGF-A has been
shown to prompt apoptosis in macrophages,®? a phenom-
enon which is critical for resolving inflammation in normal
wound healing but which contributes to atheroma rupture
if it affects plaque macrophages. Moreover, VEGF-A in-
duces tissue factor expression in the endothelium, whereas
PDGE-BB is responsible for vascular smooth muscle cells,
monocytes and macrophages. This, in turn, initiates clot-
ting cascade and thrombus formation on the one hand,
and the proliferation and migration of vascular SMCs
leading to plaque progression, destabilization and rupture
on the other hand.??

Apart from creating a pro-coagulant environment
which promotes arterial and venous thrombosis, persis-
tently elevated levels of pro-inflammatory cytokines may
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also contribute to the pathogenesis of anemia of chronic
disease. Interleukin 6 plays a pivotal role in regulating
levels of hepcidin, a major regulator of iron homeostasis.
Additionally, pro-inflammatory cytokines directly affect
erythropoiesis by inhibiting the synthesis of erythropoi-
etin by or interfering with its signaling pathways.3* Accord-
ingly, circulating IL-8 was significantly higher in patients
with hypochromia, while IL-6, MIP-1a and VEGF-A dis-
played a similar tendency.

Data concerning an association of IL-4 with wound
healing are scarce. Animal models show the involvement
of IL-4 in normal wound healing, where it activates fibro-
blasts and stimulates the synthesis of extracellular ma-
trix.% Interleukin 4 is involved in the activation of macro-
phages into a wound-healing phenotype as well. However,
IL-4 has also been demonstrated to hamper the pro-
angiogenic capacity of macrophages by downregulating
hypoxia-inducible factor (HIF)-1a translation.3¢ In vitro,
stimulation with IL-4 reduced the migration of lung
epithelial cells and hindered sinonasal epithelial wound
closure.?” Corroborating the notion that IL-4 contributes
to prolonged healing, circulating IL-4 was significantly
upregulated in patients with non-healing wounds. While
other Th2 cytokines display an anti-atherogenic effect,
the role of IL-4 remains ambiguous but there are sugges-
tions that it is a promotor of plaque progression.?” Support-
ing this concept, IL-4 in our patients positively correlated
with WBC and PLT counts and inversely with APTT.

Contrary to other cytokines, the systemic levels
of G-CSF and GM-CSF were not elevated in our patients.
In fact, G-CSF levels in patients with wounds of ischemic
or venous etiology were significantly lower. G-CSF is a he-
matopoietic cytokine which plays a crucial role in the host
response to infection. It is responsible for increasing
the number of neutrophils in circulation by stimulating
the proliferation, survival and differentiation of their pre-
cursors as well as their release from blood marrow. It is also
believed to display immunomodulatory and antibiotic-en-
hancing activities; exogenous G-CSF application has been
found to be beneficial as well.? Locally, insufficient levels
of G-CSF in patients with chronic wounds may contribute
to the ineffectiveness of neutrophils infiltrating the wound
in fighting infection. Decreased systemic G-CSF concen-
trations may render patients with infected chronic wounds
more susceptible to severe complications in a form of bac-
terial infection of the surrounding skin and bones - or even
sepsis, if the infection spreads to the circulatory system.
GM-CSF promotes healing through many mechanisms,
e.g., by increasing VEGF expression in the ulcer bed® and
an increased healing of chronic leg ulcers treated with
GM-CSF has been shown.* Beidler et al.*° demonstrated
that higher systemic levels of GM-CSF at presentation were
predictive of faster healing venous ulcers following multi-
layer compression therapy.

As pointed out by Trestrup et al.,!! the current knowl-
edge on the differences or similarities between chronic
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wounds of various etiologies is insufficient, yet necessary
to optimize treatment. To shed some light on the subject,
we compared the profiles of circulating cytokines in pa-
tients stratified by wound etiology. Reflecting the preva-
lence in the general population, chronic wounds of venous
etiology were the most common, whereas there were only
a few cases of neurotrophic wounds in our study group.
Nevertheless, neurotrophic wounds were associated with
significantly higher levels of circulating IL-1f, IL-4, IL-8,
FGEF-2, G-CSF, GM-CSF, PDGE-BB, and TNF-a than isch-
emic wounds and higher levels of IL-6 and G-CSF than
venous wounds.

Various cells involved in the tissue response to injury
communicate through the cytokine network to orchestrate
the event from inflammation induction to resolution and
wound closure, making the proper interplay of cytokines
critical.® In addition to the differences in the systemic
levels with respect to wound etiology, we observed a dis-
ruption of cytokine interrelationships in neurotrophic
wounds. This was particularly evident for key inflamma-
tory cytokines and chemokines — IL-6, IL-8 and MCP-1
— whose levels did not correlate with any other cytokine.
The correlation pattern was also disrupted in the case
of pro-angiogenic factors VEGF-A, PDGF-BB and FGF-2,
supporting the notion that deregulation of their signaling
and cross-talk plays a role in wound healing failure.

In conclusion, cytoprofiling revealed a pro-inflamma-
tory state in patients with chronic wounds which might
translate into enhanced pro-coagulant, pro-thrombotic
and proteolytic activities that would locally contribute
to prolonged healing or healing failure and - on a sys-
temic level — may increase the risk of cardiovascular events
and/or anemia of chronic disease. We also demonstrated
that wound etiology affects the profile of circulating cy-
tokines and growth factors as well as their interplay, al-
tered particularly in patients with wounds of neurotrophic
origin. Our findings may improve our understanding
of the pathomechanisms leading to chronic wounds and
the effects they exert on a systemic level, as well as provid-
ing potential targets for more effective therapies.
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Abstract

Background. Endodontic treatment is one of the most widely performed procedures in a dental office. New
techniques for enhancing the effectiveness of irrigants are being introduced into the dental market. Itis cru-
cial to choose a proper method to obtain the highest possible long-term success of performed endodontic
treatment. Sodium hypochlorite (NaOCI) appears to be one of the most common and profitable solutions for
root canal irrigation. The activation of a solution may be analyzed in 2 fields, physical — turbulence of flow,
and chemical — disintegration of irrigant molecules into very active radicals that improve its activity. While
the physical alternations of irrigant flow with different techniques are widely studied, there are not many
attempts to approach the subject in chemical terms.

Objectives. The aim of the study was to compare the chemical effectiveness of 2 methods of NaOCl activa-
tion: ultrasonics vs the Self-Adjusting File system (SAF) as an adjunct to increase the efficacy of the irrigant.

Material and methods. The level of activation was evaluated via a reaction of the activated NaOCl samples,
with 9-fluorenol as the starting organic material. The model reaction is based on the oxidation of 9-fluorenol
to 9-fluorenon. The evaluation was performed using 1H nuclear magnetic resonance (NMR) spectroscopy,
comparing the spectra obtained for the examined mixtures.

Results. Nuclear magnetic resonance studies show that the use of ultrasonics resulted in increased chemical
degradation of NaOCl as compared to the SAF system and non-agitated samples. The prevalence of chemical
activation in the ultrasonic group over the SAF group was almost 3 times higher, 3.1 to 1.20, respectively.
The Kruskal—Wallis rank sum test revealed there s a statistically significant difference in distributions between
the groups.

Conclusions. Both SAF and ultrasonics activate NaOCl. Ultrasonic agitation provided higher chemical
activation of NaOCl solution than the SAF. The use of ultrasonic agitation of NaOCl in endodontic treatment
will allow us to obtain better long-term clinical results.

Key words: NVR, sodium hypochlorite, endodontics, Self-Adjusting File, ultrasonics
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Introduction

Sodium hypochlorite (NaOCl) is the most commonly
used irrigant in endodontic treatment. Coolidge intro-
duced it as early as in 1919.1 It is an inorganic compound
with the chemical formula NaOCl. Commonly referred
to as bleach, it is actually a diluted aqueous solution
of NaOCI. It has numerous applications ranging from
an oxidizing and chlorinating agent in organic synthesis
(used in the chemical industry) to water treatment, bleach-
ing and disinfection.

In dentistry, NaOCl s used in the form of dilute aqueous
solutions with concentrations varying from 0.1% to 6.0%.
Being a highly oxidizing compound, it shows suitable prop-
erties for dissolving remnants of dental pulp as well as act-
ing as an antimicrobial agent.? These features prompted
the use of aqueous NaOCl in endodontics.

Pécora et al. reported that NaOCI exhibits a dy-
namic equilibrium in an aqueous solution, according
to the equation?:

NaOCl + H,O & NaOH + HOCI <
& Na* + OH™ + H* + Cl1O~

Asanionic compound, NaOCl dissociates in water to so-
dium cation (Na*) and hypochlorite anion (ClO"), which
is in equilibrium with its protonated form (HOCI). Both
hypochlorous acid and the hypochlorite anion are strong
oxidizing agents. HCIO and ClO~have been reported to re-
act with proteins, amino acids, peptides, and lipids. Estrela
suggests NaOCl acts as a dissolving agent for organic mat-
ter, e.g., fats.*

An ultrasonic wave is an acoustic wave which transmits
energy of a vibrating file to the irrigating agent. Waves
in the 20,000-25,000 Hz frequency range, which cause
several physical and biological effects, are used in end-
odontics. The increase of energy in the system treated with
ultrasonics results in heating of the surrounding fluid,
which subsequently results in a better bactericidal effect.
The presence of cavitation and microstreaming effects
is equally significant. The emerging waves disrupt bacte-
rial cells and eliminate necrotic remnants. This mixing
of the fluid and its turbulent flow has a significant influ-
ence on the efficacy of root canal irrigation.®”

The Self-Adjusting File (SAF) is a rotary system for me-
chanical instrumentation. It is also the only system that
enables instrumentation and irrigation at the same time.?
This is a hollow cylinder, made of Ni-Ti alloy with fusiform
holes along the entire length.? The file can compress and
decompress according to the topography and morphology
of the treated canal. Two sizes, 1.5 mm and 2 mm in diam-
eter, are available.!” Action of the SAF is based on back and
forth sliding motions in the vertical axis. The RDT3 head
connected to an endodontic motor with the speed set
to 3,000-5,000 rpm is used for the SAF.!%!! The file
is connected to a VATEA (ReDent Nova, Ra’anana, Israel)
pump with a silicon tube, which delivers the irrigant along
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the entire length of the root canal during continuous in-
strumentation with a speed adjustable in the 1-10 mL/min
range.!2"* It is recommended to fill the pump with NaOCl
or ethylenediaminetetraacetic acid (EDTA) solution.1®12
The efficacy of NaOCl and EDTA in removing the smear
layer and dentin using SAF has been proved and is not de-
pendent on the concentration of the agent, even in the api-
cal 1/3 of the canal.!>!® It is advised to work with SAF
in the canal about 4 min — 2 cycles of 2 min for 1 root canal
with a short pause for recapitulation.!®~!8 In our study,
Endostation (ReDent Nova, Israel) was used. It combines
an endodontic motor with the VATEA pump in one device.

According to Tiong and Price, during ultrasonic agi-
tation, hypochlorous acid undergoes homolysis with
formation of a hydroxyl radical and a chlorine radical.’
The homolytic processes occur when energy is delivered
to HOCI molecules. This can be achieved in many differ-
ent ways, e.g., under UV irradiation as reported by Zeng
et al.2’ The resulting radicals are a species highly reactive
towards a wide range of biochemical compounds — proteins
and glycolipids — leading to the degradation of biological
matter.?! The chemical equation of homolytic degradation
is presented below:

HOCI - HO'" + CI’

One of the first investigations to quantify the action
of NaOCl was described by Austin and Taylor in 1918.2
The authors measured the amount of chlorine remaining
in the solution when exposed to normal vs necrotic tissue.
The amount of remaining chlorine directly correspond-
ed to its tissue-dissolving capacity. As NaOCI dissolved
the tissue, chlorine levels decreased. The amount of chlo-
rine remaining in the solution was measured indirectly
on the basis of the amount of sodium thiosulfate used
to reduce chlorine in the solution.

Activation of NaOCl can be considered 2-fold: physical ac-
tivation wherein the turbulence of the flow is enhanced, and
chemical activation based on HOCI degradation to highly
reactive radical species. The rationale for the current ex-
periment is that a quantitative evaluation of an oxidized
product will help measure the oxidative potential of NaOCl
at a given time. Selective oxidation of an organic compound
with NaOCI may serve as a useful method to estimate its
oxidation potential. Hence, the aim of this experiment was
to evaluate the chemical activation of NaOCl quantitatively
by measuring the capacity of the irrigant to oxidize 9-fluo-
renol as a model organic compound.

Material and methods
Experimental setup
All chemicals used in this study were obtained from com-

mercial sources and used as such, without further purifi-
cation. The following chemicals were used (name, purity,
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additives if present, source): NaOCl, 5.25 wt% aqueous
solution (Cerkamed, Stalowa Wola, Poland); 9-fluorenol,
96% (Sigma-Aldrich, St. Louis, USA); ethyl acetate, >98%
(POCH S.A., Gliwice, Poland); tetra-n-butylammonium
bromide, 99% (Sigma-Aldrich); chloroform-d; (CDCl;),
99.8 atom% D, with 0.5 wt% silver foil as stabilizer and
0.03% (v/v) tetramethylsilane (TMS) (Sigma-Aldrich).

'H NMR spectra were recorded on a Varian VNMRS
500 MHz NMR spectrometer (Varian, Atlanta, USA)
in CDCl;, using TMS as an internal standard for chemical
shift calibration. All chemical shifts are reported in ppm.
Armar Chemicals 5 mm NMR Tubes (5HP type) (Armar
Chemicals, Déttingen, Switzerland) were used. Concentra-
tion under reduced pressure was carried out with a Heido-
Iph rotary evaporator (Heidolph, Schwabach, Germany).

Due to the comparative character of the study, all pos-
sible measures were taken to ensure that all procedures
were carried out as similarly as possible while evaluating
both NaOCI activation methods. Each reading was done
in triplicate and each result given as an average, along with
standard deviation (SD) from the 3 readings.

Sodium hypochlorite activation

A 12 mL glass vial with a plastic cap was used to fill
10 mL samples of 5.25% (w/w) aqueous solution of NaOCL
For each activation method, 2 samples of the NaOCl stock
solution were prepared as mentioned above. Activation
was carried out by submerging the respective system
in the sample for a 4-minute period. The SAF system
— a 1.5 mm diameter and 25 mm length file — was used
at a speed of 5,000 rpm, with the RDT3 head connected
to a handpiece on the Endostation (ReDent Nova) with
an adjustable rotary speed setting, according to the manu-
facturer’s instructions. Constant irrigant flow was not
supplied to SAF during the study. For ultrasonic activa-
tion, an ISO 20 K-file (Woodpecker, China) connected
to an endodontic adapter (Endochuck 120°, Woodpecker,
China) and a handpiece on an ultrasound device (Wood-
pecker UDS-P LED) with the endodontic function turned
on (only the 'E’ light was on and the power was at first
grade, according to the user’s manual).

Reaction between sodium hypochlorite
and 9-fluorenol

Each reaction was carried out in a 12 mL glass vial
equipped with a plastic cap and a magnetic stirring bar.
Following a procedure modified from Mirafzal et al.,”
9-fluorenol (185 mg, 1.02 mmol) was dissolved in ethyl
acetate (1.5 mL). Next, tetra-n-butylammonium bromide
(30 mg, 0.0931 mmol, 9 mol%) was added as a solid in one
portion. The tested sample of NaOCl solution (1.5 mL) was
added to the resulting solution in one portion. The reaction
mixture was stirred for 30 min. Using a syringe, a portion
of the organic layer (1 mL) was transferred from the vial
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to a 10 mL glass round-bottom flask. The solution was
concentrated under reduced pressure to dryness, using
a rotary evaporator. CDCl; (0.7 mL) was added to the so-
obtained residue, resulting in the formation of a clear so-
lution. The absolute concentration of the NMR sample,
given with respect to the organic compound used, was
equal to 1.45 mol/dm.? To prepare for 'H NMR analysis,
the solution was then transferred to an NMR tube using
a plastic syringe, and the tube was closed with a plastic cap.

Statistical analysis

The statistical analysis was made using an open source
statistical environment R v. 3.5.1.2* (https://www.R-project.
org/). The Kruskal-Wallis rank sum test was available
as krustal.Test function from R package, including test
statistics, p-value and number of degrees of freedom (df),
follows in implementation the theoretical results from Hol-
lander and Wolfe.?®

Results
Model for the study

The reaction under assessment is the phase-transfer-
catalyzed oxidation of 9-fluorenol with NaOCl (Fig. 1).23:26
The rationale behind picking it as a model reaction is given
in the Discussion section. The experiment was performed
on 3 samples: commercially available non-activated NaOCl
solution, NaOCl solution subjected to ultrasonic activation
and NaOCl solution activated with the SAF system.

OH sodium hypochlorite o

0 0

tetra-n-butylammonium bromide
ethyl acetate

(/\/%‘NJrBF

tetra-n-butylammonium bromide

Fig. 1. Equation of the model reaction used in this study: oxidation
of 9-fluorenol with sodium hypochlorite and tetra-n-butylammonium
bromide as a phase-transfer catalyst

"H NMR spectroscopy

'"H NMR spectra were recorded in CDCl; at 298 K (25°C)
and 499.93 MHz. A standard proton pulse sequence (s2pul)
was used, with relaxation delay at 1.000 s, pulse at 45.0°,
acquisition time at 2.045 s and 8,012.8 Hz spectral width.
Acquisition of each spectrum comprised 16 scans.

The spectra were processed using iNMR Reader soft-
ware (Mestrelab Research, Santiago de Compostela, Spain).
The raw NMR files (FIDs) were subjected to automatic Fou-
rier transform (FT) with FT size equal to 64k. Automatic
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Fig. 2. Comparison of whole 'H NMR spectra obtained from the evaluation experiments carried out on: (A) non-activated NaOCl; (B) NaOCl activated with

the SAF system; (C) NaOCl activated with ultrasonics

baseline correction for a 1D spectrum, implemented
in the iNMR Reader software, was applied to each spec-
trum, setting the baseline intensity to 0 and thus allowing
to reliably integrate the peaks. Full view of the obtained
'H NMR spectra, 1 for each kind of samples examined,
is presented in Fig. 2. The spectra are shown in the range
between 9.0 ppm and 0.0 ppm, with TMS signal at 0.0 ppm.

The analytically useful peaks are in the 7.8 ppm
to 7.0 ppm (aromatic region) and 5.6 ppm to 5.5 ppm (ben-
zylic protons) range. The signals of chemical shifts below
5.0 ppm include peaks derived from hydrogen atoms in:
ethyl acetate (solvent in the reaction), tetra-n-butylammo-
nium bromide (catalyst), water and TMS (NMR chemical
shift standard). The peaks in the region below 5.0 ppm
were not relevant for the study and have been omitted
in Fig. 3 for clarity. Both aromatic and benzylic signals
were integrated, providing the relative ratio of the total
areas of the peaks. The comparative spectroscopic analyses
of reactions mixtures obtained from respective solutions
are showed in Fig. 3.

Chemical concept of the study

The chemical concept applied here is that aromatic pro-
tons can serve as an internal reference to evaluate the ex-
tent of oxidation and therefore the effectiveness of NaOCl
activation. The interpretation of the changes occurring
in the mixture upon oxidation is straightforward, as both
the 9-fluorenol and 9-fluorenone have aromatic protons,
while only the 9-fluorenol has a benzylic proton (Fig. 4).
Upon oxidation, the number of aromatic protons (and

thus the integration of the aromatic region) is equal both
in the starting material and the product and is unchanged
during the oxidation.?”?8 The variable here is the benzylic
signal, which decreases in its intensity (and integration)
upon oxidation.

The ratio of integration values of signals derived from
benzylic protons to aromatic protons may be correlated
with the efficiency of 9-fluorenol oxidation and establish-
es the basis for evaluating the NaOCI activation method.
The higher benzylic-to-aromatic signal ratio, the less ef-
ficient was the oxidation of 9-fluorenol to 9-fluorenone.
Less efficient oxidation of the starting material means
that a smaller amount of hypochlorite was left in the so-
lution after its activation, which points to a higher extent
of the decomposition of hypochlorite upon activation. This
is an indication of better efficacy of NaOCI and hence
amore effective method to activate the irrigant. To convey
the idea more clearly, the logical sequence behind it is sum-
marized graphically in Fig. 5.

Numerical results of the study

The numerical results of the analyses are presented
in Table 1. As each experiment was done 3-fold, 3 entries
for each activation mode are provided. As aforementioned,
the number of aromatic protons remain unaffected upon
oxidation, so the integration of their signals can serve
as an internal standard for determining the integration
ratio.?” The integration of the aromatic region was then
set by default to 1.00. As all further discussion is based
on the integration ratios, setting the aromatic region



Adv Clin Exp Med. 2019;28(10):1311-1319 1315
A HAr o HAr
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9-fluorenol 9-fluorenone
Fig. 4. Chemical structures of 9-fluorenol and 9-fluorenone, with
J L hydrogen (H) atoms described (Ar = aromatic, Bn = benzylic)
= o
1 0,0125
B N\
higher benzylic-to-aromatic signal ratio
A 2\
higher amount of 9-fluorenol left after the reaction
J 1 -
1 0‘,?)'1_;0
o less efficient oxidation of 9-fluorenol
e~
smaller amount of NaOCI left after activation
. J;. N
1 0,0388
R ™ = s P s e = more NaOCI decomposed during activation

Fig. 3. Comparison of 'H NMR spectra obtained from the evaluation
experiments carried out on: (A) non-activated NaOCl; (B) NaOCl activated
with the SAF system; (C) NaOCI activated with ultrasonics. The peak

in the 5.60-5.50 region corresponds to the benzylic hydrogen atom

in the structure of 9-fluorenol. The region below 5.0 ppm was omitted
for clarity. Each integration value given below the peak is an average
determined from 3 experiments conducted on every sample

integration to 1.00 makes it easier to evaluate and discuss
the results.

With this in mind, there is no need to reference the in-
tegration of signals against the internal standard used, i.e.,
TMS. The additive of TMS in the commercial deuterated
solvent was used only for calibrating the chemical shift
of the observed signals, with TMS having the chemical

Table 1. Results of the spectroscopic studies

Activation Benzylic-to-aromatic Average Standard
mode signals integration ratio 9 deviation (SD)

0.0127 :1.00

No activation 0.0122:1.00 0.0125 0.0003
0.0125:1.00
0.0154:1.00

SAF 0.0152:1.00 0.0150 0.0006
0.0143:1.00
0.0386:1.00

Ultrasonics 0.0382:1.00 0.0388 0.0007
0.0396:1.00

integration ratio’

N

better activation of NaOCI

e

better method for the activation of NaOCI solution

\ 7

Fig. 5. Summary of the chemical concept behind the proposed evaluation

shift of 0.00 ppm. Tetramethylsilane would not have been
a reliable reference for the integration due its volatility°
and hence tendency to change its concentration over time,
making it an invalid reference for any
quantitative studies.

The use of another chemical shift
standard widely used in molecular medi-
cine studies, namely 3-(trimethylsilyl)-
100 2,2,3,3-tetradeuteropropionic acid (TSP),
would not be possible due to the fact that
TSP is insoluble in deuterated chloroform
which was the deuterated solvent used
in this study. Deuterated chloroform was
311 picked as a deuterated solvent of choice
due to its capability to dissolve the or-

Recalculated

1.20

' The benzylic-to-aromatic signals integration ratio, recalculated with respect to the value of the “no

activation” ratio equal to 1.00.

ganic compounds well, both the sub-
strate (9-fluorenol) and the product
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(9-fluorenone) as well as any amount of the catalyst left
in the organic phase during the extraction.?”?%3! Moreover,
the use of TSP could lead to misleading results as TSP tends
to be unstable in the presence of oxidative agents. If any
traces of NaOCl had been left after the extraction process
(which is unlikely but cannot be excluded), TSP would have
got oxidized, hence making its use as a standard invalid.

In all experiments, the benzylic-to-aromatic ratios were
found to be between 0.0122:1.00 and 0.0396:1.00. That
observation was expected, as the integration should have
fallen within the 0.1250 for 9-fluorenol (equal to 1:8 ratio,
with 1 benzylic proton and 8 aromatic protons) and 0 for
9-fluorenone (0:8 ratio, with no benzylic protons and 8
aromatic protons) bracket. Importantly, none of the ra-
tios were equal to 0, as that would mean 9-fluorenol was
oxidized completely which would preclude any qualitative
or quantitative conclusions being drawn.

For each activation mode, an average ratio was deter-
mined from 3 experiments, along with its SD. The integra-
tion ratios were then recalculated with respect to the “no
activation” ratio set to 1.00. The ratio values for the SAF
and ultrasonic activation modes were found to be 1.20 and
3.11, respectively.

Differences in the results between the examined groups
of samples are clearly visible in Fig. 6. The obtained integra-
tion ratios of all results in the SAF and ultrasonics groups
are higher than the values for a non-activated group.

Statistical analysis results

Taking into account the means and SDs of benzylic-to-
aromatic signals integration ratio between groups, our
hypothesis states that their distribution is not equal. Due
to the fact that there is no way to reliably test for normality
when we have 3 observations per group, a non-parametric
approach is used. The null hypothesis that the cumula-
tive distribution function in all 3 groups is equal is tested
against the alternative hypothesis that at least 2 out of 3
cumulative distribution functions in the groups are dif-
ferent. The hypotheses are tested using ANOVA on ranks,
i.e., using the Kruskal-Wallis rank-sum test. The value
of the test statistics, which under the null hypothesis has
a x? distribution with 2 df, is 7.2. It follows that the p-value
in this test is equal to 0.02732372, which is lower than
the 0.05 significance level. The null hypothesis is rejected,
thus at the 0.05 significance level there is a statistically
significant difference in distributions between the groups.

It is important to note, that in this case the usual inter-
pretation of Kruskal-Wallis rank sum test using medi-
ans is not possible. For the test to be interpreted in terms
of medians, we should verify first that all 3 distributions
come from the same family of location-scale distributions.
This is not possible with the available data, due to the small
number of observations. For the same reason, it is also
impossible to perform a non-parametric post-hoc analysis
using the Wilcoxon rank sum test.
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0.040 .

0.035

0.030

0.025

0.020

0.015
1

benzylic-to-aromatic signals integration ratio

no activation SAF ultrasonic

activation method
Fig. 6. A graph presenting data points from the spectroscopic study.
The results both in the SAF and ultrasonics groups clearly predominate

over the control group (no activation). The results in the ultrasonics group
are more than 3-fold higher in comparison to these in the SAF group

By looking at the data points in Fig. 6 and knowing that
the continuous distribution functions are different, we can
postulate that they do differ in mean.

Discussion

Stojicic et al. suggested several methods for improving
efficacy of NaOCIl. Changes in concentration, temperature,
agitation, increase of pH, and prolonged contact time are
some of them.3? Moorer and Wesselink stressed the impact
of mechanical agitation to be the most significant mode
of NaOCl activation. They claim fluid flow is the key for
effective tissue dissolution and disinfection as well as em-
phasize that ultrasounds ensure the best quality of tur-
bulent flow.3®* An increase in flow and more turbulence
enables the solution to reach hardly accessible areas and
therefore improve efficacy. Sdinz-Pardo et al. also provide
evidence that ultrasonic agitation ensures proper fluid
flow throughout the working length of a root canal.3* Be-
sides fluid dynamics, the exact mechanism responsible
for the improved efficacy is not clear.3® This is the first
investigation of its kind to evaluate whether a chemical
activation of NaOCl also occurs during agitation.

To evaluate the methods for hypochlorite activation,
we searched the chemical literature for reactions which use
NaOCl solutions as a reagent. We preferred a reaction that
did not take long to carry out in order to shorten the evalu-
ation as much as possible. Other criteria that needed to be
met included the following: easy reaction set-up (ideally no
specialized glassware or equipment), mild conditions (pref-
erably room temperature, atmospheric pressure, no need
for the use of inert gases like argon or nitrogen), inexpen-
sive and easily commercially available chemicals (including
the starting materials, solvents and optionally catalysts)
as well as the possibility to carry out the evaluation us-
ing an analytical method yielding readily interpretable
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and unequivocal results. After a detailed literature survey,
we picked the phase-transfer-catalyzed oxidation of 9-fluo-
renol with NaOCI as the model reaction.

The role of NaOCI solution is to provide hypochlorite
anions (ClO"), which serve as an oxidant towards ben-
zylic alcohol. Importantly for the evaluation of oxidation
potential, hypochlorite reacts with 9-fluorenol selectively,
affording solely the oxidation product — 9-fluorenone.
9-fluorenol is not prone to spontaneous oxidation neither
in pure oxygen nor in the air, even upon prolonged storage.
These properties made the quantitative evaluation of oxi-
dation product exclusive to NaOCl, and hence valid. More-
over, it facilitates handling of 9-fluorenol, as no specialized
chemical skills or sophisticated equipment is required.

Among the many variants of 9-fluorenol oxidations,
the one chosen by us is preferable also because it does not
require the presence of expensive, metal-based catalysts,
elevated temperature or irradiation. For an effective execu-
tion of 9-fluorenol oxidation with hypochlorite, it is suf-
ficient to make use of inexpensive and easily applicable
phase-transfer catalysis (PTC).3! The method, originally
developed in the 1960s, is particularly useful for reactions
occurring in 2-phase systems, i.e., in reaction mixtures
containing 2 immiscible (or miscible to a limited extent)
layers. For example, such layers may be made up of a re-
agent aqueous solution (in our case: aqueous solution
of NaOCl) and a solution of the starting organic material
(here: 9-fluorenol) in an organic solvent immiscible with
water (e.g., ethyl acetate). The reaction between the organic
substrate and the inorganic reagent (hypochlorite anion)
takes place at the interphase between those 2 layers. For
the oxidation to proceed efficiently, both the substrate
and the oxidant must come together in the interphase
at the same time. Here a phase-transfer catalyst comes
in useful. The PTC catalysts usually contain a heteroat-
om (particularly nitrogen), in the form of a cationic am-
monium species with a general formula of RyN*, where
R is an organic group, most commonly an aliphatic chain.
Such a structure has a dual nature in terms of polarity:
the cationic nitrogen atom serves as the polar (hydrophilic)
center, while the aliphatic hydrocarbon chains are highly
non-polar (hydrophobic, but with high affinity to the or-
ganic layer). This duality makes it possible for the cation
of the catalyst to be transported to both the organic and
aqueous layers, efficiently delivering the hypochlorite an-
ion from the aqueous layer to the interphase with the or-
ganic layer. In this study, tetra-z-butylammonium bromide
was used as the phase-transfer catalyst.

Having an appropriate model reaction at hand, we em-
barked on the search for a method for both a qualitative
and a quantitative analysis of the reaction mixture com-
position, i.e., the identity and content of the substrate and
product. We chose nuclear magnetic resonance (NMR)
spectroscopy for this purpose. The NMR spectroscopy
is one of the most important research techniques used
to investigate the structure, content and interactions
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of organic compounds. The method is basically based
on the phenomenon of energy transitions occurring within
the nuclei of atoms when an external magnetic field is ap-
plied. By investigating the electromagnetic signals in this
process and working them out mathematically, a so-called
NMR spectrum can be obtained. The NMR method we de-
cided to use was proton NMR (*H NMR), as it allows one
to obtain qualitative and quantitative information on pro-
tons (hydrogen nuclei) in the organic compounds structure
present in the analyzed mixture.

Only a few reports on the use of spectroscopic methods
in endodontic research have been published, all of them be-
ing relatively recent. A study by Sireesha et al. on the com-
parison of micro and nano substances used as temporary
intracanal dressings was based on infrared spectroscopy
(Fourier-transform infrared spectroscopy — FTIR) to ana-
lyze the interactions between nanoparticles.?® The con-
clusion from the study was that the tested nano-calcium
hydroxide and nano-chitosan compounds are superior
to ordinary calcium hydroxide and chitosan both in terms
of better penetration of dentinal tubules and lower suscep-
tibility to root fracture. One can find an example of the use
of mass spectrometry (MS) in a study by Chavez de Paz
et al.¥” An evaluation of the coexistence of Enterococcus
faecalis bacteria strains with other bacteria within the root
canal system has showed that in this case bacteria can in-
teract synergistically as well as antagonistically. X-ray spec-
troscopy is another example of spectroscopy used in end-
odontic research, and in particular wavelength-dispersive
X-ray spectroscopy (WDXS or WDS) used in the Han study
to assess the calcium and silicon uptake by dentin from
Biodentine and MTA.3® The study shows that the dentin
adjacent to a given material exhibited greater influence
of calcium and silicon from the Biodentine material.

By using the concept of spectroscopic data analysis de-
scribed in the Results section, we were able to qualitatively
and quantitatively compare the activation methods. Based
on the 'H NMR integration ratios recalculated with refer-
ence to the ratio obtained for non-activated NaOC], the oc-
currence of chemical activation of hypochlorite by both
the SAF and ultrasonics was confirmed. Quantitatively,
the ultrasonic activation was over 2 times more effective
compared to the SAF activation (1.2-fold activation for SAF
compared to 3.1-fold activation for ultrasonics).

All the results obtained in the SAF and ultrasonic
groups predominated these in the non-activated group.
What is more, all results in the ultrasonic group were
higher than those measured in the SAF group. The con-
sequence and reproducibility in each group with a low SD
value lays a basis for the use of this method in other
NaOCl-related studies and analyses in the future. Similar
experiments on other NaOCI agitation methods would
have a worthwhile contribution in understanding their
clinical efficacy.

It is worth noticing that another dentistry-related
study on NaOCI capacity for oxidation can be found
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in literature.?® However, it used a non-spectroscopic meth-
od for NaOCI analysis, namely a redox titration called
iodometry. Zehnder assessed the buffered and unbuf-
fered solution of NaOCl for tissue dissolution.?®* However,
the disadvantage of that approach was that potassium
iodide (KI; used as a titrating solution) is known to be re-
active not only towards NaOCI, but also other oxidants
present in the solution. This appears even more perspicu-
ous when the equations of NaOCI comproportionation
(Equation 1) as well as non-selectivity of potassium iodide
oxidation (Equations 2 and 3) are taken into account.

(1) 3 NaOCl = 2NaCl + NaClOs
(2) NaClO; + 6KI + 3H,O = NaCl + 31, + 6KOH
(3) NaOCI + 2KI + H,O NaCl + I, + 2KOH

Sodium hypochlorite (NaOCl) is known to compropor-
tionate into sodium chlorate (NaClOs) and sodium chlo-
ride while in aqueous solutions, especially over prolonged
storage. Importantly, both NaOCl and NaClO; are able
to oxidize potassium iodide. The titration result may then
be false due to lack of selectivity.

The reactions used in our study display specificity to-
wards NaOC], with 9-fluorenol being selectively oxidized
by it. Despite a great number of works on chlorine-based
oxidants, NaClO; has never been found to oxidize any
secondary alcohols like 9-fluorenol.

In conclusion, a spectroscopy-based protocol for a quan-
titative evaluation of activation of NaOCI was proposed
and successfully implemented. The comparative 'H NMR
data, derived from the experiments on the irrigant capac-
ity to oxidize 9-fluorenol, unequivocally showed that both
SAF and ultrasonics activate NaOCI. In addition, it was
showed that ultrasonic agitation provided better chemical
activation of the NaOCI solution than the SAF.

From a medical perspective, it is worthwhile to point
out that any contact between an ultrasonic file with canal
walls diminishes the activation effect.?® This is the main
impediment to achieving proper ultrasonic activation
on the whole working length in severely curved canals.

On another concluding note, we believe that such
an interdisciplinary approach towards solving challenges
on the border of medicine and science will soon become
an important area for research and such results may quick-
ly become clinically relevant. In this case, the significance
of the study lies in providing a dental practitioner with
specific information on choosing the best way for NaOCl
activation, making canal disinfection as thorough as pos-
sible and increasing the efficiency as well as the long-term
results of endodontic treatment in the clinic.

A molecular approach in exploring the dental field may
give extraordinary opportunities in future scientific proj-
ects in this area of medicine. Nowadays, microbiological
and clinical studies underlie the majority of new tech-
niques and devices being introduced into the market and,
in consequence, the dental practice. However, it is mo-
lecular medicine and experimental approach that explain
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the fundamental aspects of biological and chemical mecha-
nisms behind these developments and boosts the under-
standing of everyday activities undertaken by physicians
and dentists. The described influence of the SAF motion
and ultrasonic wave on changes in the molecular composi-
tion of NaOCl solution should make one aware that any step
taken during a clinical procedure may hinder or improve
the overall outcome. Advantageous properties of NaOCl
for endodontics that are strengthened by additional acti-
vation methods like ultrasonics can be correctly under-
stood only by means of a thorough experimental analysis.
The mechanisms behind the observed macroscopic phe-
nomena in the clinical environment are often comprehen-
sively understandable only at the molecular level.
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Abstract

Background. Comorbidities, complications and laboratory abnormalities are common in stroke patients.
One of the common problems is hyponatremia (serum sodium (Na) level <135 mmol/L), but the relationship
between hyponatremia and the prognosis in patients with stroke is not well understood.

Objectives. The aim of this study was to investigate the prevalence and severity of hyponatremia, as well
as its impact on prognosis in stroke patients on admission to hospital.

Material and methods. The study involved the analysis of the first measurement of the Na level after
the admission and its correlations with comorbidities, the scale of clinical assessment of stroke severity (NIHSS),
the size and location of the stroke, and mortality. A retrospective study was conducted on 502 patients (among
them 263 women) admitted to the hospital on stroke onset (440 ischemic stroke (IS) and 62 hemorrhagic
stroke (HS) patients). The post-stroke mortality was defined as early if death occurred within 30 days.

Results. Hyponatremia was found in 18.4% of patients with IS and 25.8% of patients with HS, irrespective
of age and gender. Hyponatremia s an independent prognostic factor of mortality in people with S (p=0.003).
Na levels were lower in IS patients who died than in those who remained alive (134.8 £4.99 mmol/L vs
136.6 £3.01 mmol/L; p=0.02). Higher mortality rate was observed among IS patients under 75 years of age
and Na level <132 mmol/L. In patients with IS, hyponatremia correlates with NIHSS (p = 0.005) and the size
and location of the stroke (p = 0.002).

Conclusions. Hyponatremia is more frequently observed in patients with HS than IS. Mild hyponatremia
is already known to be an independent prognostic factor in the mortality of people with IS and it may also
have value as a prognostic factor in the mortality of the IS population. In a patient with a suspected stroke,
there is a need to control electrolyte levels at the onset of the stroke, especially in patients with comorbidi-
ties, irrespective of age.

Key words: stroke, hyponatremia, hospital mortality



1322

Introduction

Hyponatremia is defined as a decrease in the serum so-
dium (Na) concentration below 135 mmol/L.1-3 It is a com-
mon electrolytic disorder diagnosed in patients hospitalized
due to different neurological diseases, such as subarachnoid
hemorrhage, brain injury and meningitis.* Cardiovascular
disorders, including strokes, constitute the cause of half
of the deaths of Europeans® and Americans.® In stroke pa-
tients, different comorbidities and complications are very
common, and there are studies evaluating their impact
on neurological condition during the acute phase of stroke,
on disability, and on early mortality.”

Natremia can be both the cause and the effect of brain
damage. As aresult of damage to the brain due to a stroke,
cerebral salt-wasting syndrome (CSWS) or inadequate
secretion of vasopressin (STADH) may result, resulting
in hyponatremia. At the same time, in acute hyponatremia,
as aresult of the sudden loss of Na from intravascular fluid
and a decrease in the osmolality of the serum, brain cells
can swell as a consequence of the passage of water from
the vascular bed to the nerve cells because of the higher
osmolality of the intracellular fluid. However, if correct-
ed too quickly, chronic hyponatremia may cause osmotic
demyelination syndrome and irreversible brain damage.
In addition, and as a result of brain damage in the course
of a stroke, central diabetes insipidus can occur, resulting
in a loss of clean water and hypernatremia. At the same
time, we often observe hypernatremia in those stroke pa-
tients with accompanying unconsciousness that prevents
them from drinking fluids.®?

When examining a patient with a newly diagnosed
stroke, the differential diagnosis of hyponatremia should
also consider any co-morbidities or pharmacotherapies
that may influence or be associated with hyponatremia.!
Patients, especially those with ischemic stroke (IS), also
often suffer from metabolic syndrome, whose components,
such as hyperglycemia, hyperlipidemia and hypertension,
can generate hyponatremia per se; this syndrome can
also be a result of the patient’s pharmacotherapy. In ad-
dition, hyponatremia is often associated with other dis-
eases of affluence, such as heart failure or chronic kidney
disease. Hyponatremia may also be the result of liver fail-
ure, hypothyroidism and adrenal insufficiency, vomiting

Table 1. Characteristics of stroke patients

Ischemic stroke
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or diarrhea.*® The drugs that can often cause hyponatre-
mia include diuretics (in particular thiazides), antidepres-
sants, anticonvulsants (carbamazepine), some cytostatics,
and non-steroidal anti-inflammatory drugs.>’

Hyponatremia has been evaluated in only a few stud-
ies so far, and a relationship between hyponatremia dur-
ing the first day of stroke and 30-day mortality has been
found.”1%!! However, the cut-off value for natremia below
which the mortality increases significantly has not been
determined in any previous study. Therefore, we evaluated
the correlation between the value of natremia and demo-
graphic data, length of hospitalization, and the patient’s
clinical status on the day of hospital discharge.

The aim of the study was to investigate the prevalence
and severity of hyponatremia on the first day of stroke,
as well as the relationship between hyponatremia and
the consequences of stroke. Special attention was paid
to the impact of hyponatremia on mortality.

Material and methods

A retrospective study involved patients admitted
to the Neurology Department of the St. Queen Jadwiga
Clinical District Hospital No. 2 in Rzeszéw (Poland) from
January 1, 2015 to December 30, 2015. The study included
501 stroke patients (263 women and 239 men) admitted
to the hospital on the first day of the stroke. On the ba-
sis of clinical symptoms and computed tomography (CT)
or magnetic resonance imaging (MRI) scans, 440 patients
were diagnosed with IS and 62 with hemorrhagic stroke
(HS) (Table 1). Patients with hemorrhage related to anti-
coagulation, trauma, tumor and arteriovenous malforma-
tions, or after acute thrombolysis or coagulopathy were
excluded. We used the National Institutes of Health Stroke
Scale (NIHSS) to assess the severity of stroke symptoms
at the time of admission and of discharge.!® Also, we used
the Paciaroni et al. scale to assess the distribution and size
of the IS (Table 3), and the results are presented in Table 4.

On admission to the hospital, all patients underwent lab-
oratory tests including serum electrolyte concentrations.
Serum natremia was determined in blood samples collected
on a clot, with the indirect potentiometric method with ion
selective electrodes using the Beckman Coulter® AU 680

Hemorrhagic stroke

Variable
n [%)] 440 396 (90.0)
men, n [%)] 205 189 (92.2)
women, n [%)] 235 207 (88.1)
Age [years]
median 73.0 72.3
mean (+SD) 76 £13.9 75 +14.0
range (min—max) 24-96 24-96

deaths deaths
44 (10.0) 62 41 (67.2) 21(33.8)
16 (7.8) 34 22 (64.7) 12 (35.3)
28 (11.9) 28 19 (67.9) 9(32.1)
813 754 73.8 783
83 +9.5 77 £13.5 74 £13.8 82 +12.5
48-99 24-95 24-95 48-94

SD - standard deviation.
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Table 2. Participation of patients with IS and HS depending on the value of natremia

Normonatremia

Variable n (%]

Mild hyponatremia

Moderate hyponatremia Severe hyponatremia

Hemorrhagic stroke (n = 62) 46 (74.3)

Ischemic stroke (n = 440) 359 (81.6)

n [%] n [%] n [%]
13 (20.9) 2(3.2) 1(1.6)
66 (15.0) 12(2.7) 3(0.7)

biochemical analyzer (Beckman Coulter, Brea, USA). Hypo-
natremia was diagnosed if the serum Na concentration was
below 135 mmol/L. For evaluation of the effects of serum
hyponatremia on early post-stroke mortality and function-
al outcome, the first measurements of natremia obtained
in the emergency room before any diagnostic or therapeutic
intervention were analyzed. Patients diagnosed with hypo-
natremia were treated according to the etiology, gravity and
duration of hyponatremia. The period of 30 days between
stroke and death was assumed as a definition of early post-
stroke mortality. All patients were clinically assessed using
the Rankin scale on the day of discharge from the hospital
or on day 30 of hospitalization.

Statistical analysis

The statistical analysis was performed on the basis
of paper and electronic medical records. Categorical
data was reported as numbers of patients (percentage
of the appropriate group). Median (lower—upper quartile)
or mean * standard deviation (SD) were reported for con-
tinuous variables. The analysis was started by checking
the normal distribution (Shapiro-Wilk test) and variance
homogeneity (Levene’s test). A non-parametric Mann-—
Whitney U test was performed. For categorical data,
the x* test was used. Differences were considered signifi-
cant at the level of p < 0.05. For the receiver operating char-
acteristic (ROC) curve analysis, cut-off values optimizing
the Youden index were calculated. To determine better
predictability of death based on Na level, a Kaplan-Meier
probability of survival was estimated. A multivariate analy-
sis of survival and hyponatremia was performed using
Cox’s proportional hazard regression model. Statistical
calculations were performed using the STATISTICA v. 12
software package (StatSoft Inc., Tulsa, USA).

Results

The mean Na level was 136.5 +3.26 (median = 137,
min = 116, max = 147) in IS and 135.9 +3.94 (median = 136,
min = 118, max = 144) in HS. The differences were statis-
tically nonsignificant. There was no correlation between
the age of patients and serum Na concentrations in both
the whole population and after distinction between the HS
and IS groups. There were no differences in serum Na
concentrations between men and women (Mann-Whitney
Utest p = 0.3 and p = 0.2, respectively). The average length
of hospitalization of patients with IS was 17 +23.4 days

Table 3. Distribution and size of ischemic stroke according
to the Paciaroni et al. scale'

Type The size
of stroke | of the stroke

Range of vascularization

change in front or posterior vascularization

1 small <15 cm

change including cortical branches of MCA
change including deep MCA branches
change on the border between

the 2 territories
change including cortical PCA branches
change including deep PCA branches
change including cortical ACA branches

2 average

change covering the entire range of MCA,
PCA and ACA

change including 2 cortical MCA branches

change includes cortical and deep MCA
branches

change covering more than 1 arterial range

3 large — front

change involving the brain stem

4 large — rear
9 or cerebellum >1.5cm

MCA - middle cerebral artery; PCA - posterior cerebral artery;
ACA - anterior cerebral artery.

(median = 10.5, min = 1, max = 120) and with HS was
7.3 7.0 days (median = 5, min = 1, max = 30). Serum Na
level below 135 mmol/L was found in 97 (19.3%) patients
with stroke. Hyponatremia was found in 81 patients (18.4%)
with IS and 16 patients (25.8%) with HS.

On the basis of serum Na concentrations, hyponatremia
was divided into mild (130-135 mmol/L), moderate (125—
129 mmol/L) and severe (<125 mmol/L). The participation
of patients depending on the value of natremia in patients
with IS and HS is presented in Table 2. Among patients
with IS and normo-natremia, mortality was 9% (n = 31),
whereas in the group of patients with hyponatremia, mor-
tality was 16% (n = 13).

Our univariate analyses of patients with IS showed that
hyponatremia as well as neurological deficits (estimated
using NIHSS), the size and location of the stroke (estimated
using the Paciaroni et al. scale!®), patients’ ages and comor-
bidities (such as arterial hypertension, chronic kidney dis-
ease, heart failure, and hyperlipidemia) were independent
predisposing factors in the early deaths of study group
members (Table 4).

Moreover, higher mortality was observed in younger,
i.e., under 75 years of age, patients with IS and hypona-
tremia. In the group of patients under 75 years of age
with normo-natremia, mortality was 8.6% whereas
among the same age group with hyponatremia, mortality
was 16.0%. The differences were statistically significant
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Table 4. Influence of clinical factors and results of laboratory tests in relation to mortality in patients with IS in single and multivariate analyses

p-value from p-value from . .
Variable univariate analysis multivariate analysis Haz‘:ard Confidence interval Type of the effect
(npienl) (Cox) ratio (95% Cl)

NIHSS at admission [points] <0.0001 <0.0001 1.15 1.09-1.21 higher — poor prognosis
Age [years] 0.0003 0.0046 1.05 1.01-1.08 older - poor prognosis
Arterial hypertension [1/0] 0.0042 04416 1.33 0.64-2.74 YES - better prognosis
Chronic kidney disease [1/0] 0.0325 0.5088 0.73 0.29-1.83 YES — poor prognosis
Heart failure [1/0] 0.0025 0.4992 0.79 0.39-1.58 YES - poor prognosis
Hyperlipidemia [1/0] 0.0313 0.3342 1.51 0.65-3.52 YES - poor prognosis
Type of stroke [1/0]* <0.0001 0.0666 045 0.19-1.08 higher — poor prognosis
Hyponatremia [1/0] 0.0034 0.8637 0.94 048-1.85 YES - poor prognosis
NIHSS at dismissal [points] 0.9985 NS NS NS NS

Sex [male/female] 0.0593 NS NS NS NS

Obesity [1/0] 0.5665 NS NS NS NS
Hypothyroidism [1/0] 0.0897 NS NS NS NS

Atrial fibrillation [1/0] 0.3417 NS NS NS NS

Diabetes mellitus type 2 [1/0] 0.3461 NS NS NS NS

NS — nonsignificant variables; NIHSS — National Institutes of Health Stroke Scale; * type of stroke as defined in Table 3.

150 150 Fig. 1. Effect of natremia on mortality in patients with
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Fig. 3. Survival curve of patients with IS related to the value of natremia

the differences were nonsignificant. Fourteen (30.4%)
patients with HS and normo-natremia died during hos-
pitalization. In the group with HS and hyponatremia
(n = 16), 7 (43.7%) patients died, whereas 9 (56.3%) were
discharged home. However, the relationship was statisti-
cally nonsignificant.

Among patients who died in the course of an IS,
we showed a statistically significant negative correla-
tion between the length of hospitalization and natremia
(p = 0.01). No such correlation was found for HS and hy-
ponatremia (Fig. 2).

On the basis of the single and multifactorial analysis,
it was found that in patients with HS there is no statistically
significant correlation between their mortality and the co-
existence of any of the following: type 2 diabetes, atrial
fibrillation, hypertension, heart failure, chronic kidney
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disease, hypothyroidism, obesity, hyperlipidemia, or hypo-
natremia. In addition, in patients with HS, mortality is not
affected by their age or gender. However, patients with HS
did have a worse prognosis if they had a higher NIHSS score
than other stroke patients when admitted to the hospital
(p = 0.004, 95% confidence interval (95% CI) = 1.07-1.28).
No significant relationship was found between the Rankin
scale assessed on discharge from hospital and natremia for
all HS population (x> NW = 3.66; df = 5; p = 0.59) and all
IS population (x> NW = 4.16; df = 5; p = 0.52).

The ROC curve for Na concentration in the IS group
was calculated as area under curve (AUC) = 0.616 (95%
CI = 0.508-0.724) Z = 2.107; p < 0.03. Next, the cut-off
point that best discriminated the group in terms of death
was determined (132 mmol/L). This new parameter was
used to recalculate survival curves. At a value of Na con-
centration <132 mmol/L, there is a statistically significant
difference between the survival probability curves for pa-
tients with IS who died within 30 days of hospitalization
(log-rank = 2.75; p = 0.005) (Fig. 3).

As a result of the multivariate analysis, we found that
there was a significant relationship between hyponatre-
mia observed on the first day of IS and the clinical sta-
tus of the patients when evaluated using the NIHSS scale
(Fig. 4), assessment of the size and location of the stroke
assessed using the Paciaroni et al. scale'* (p = 0.002) and
the observed co-occurrence of atrial fibrillation (p = 0.04).
These dependencies were not found in HS.

Discussion

Our observation indicates that stroke frequently coexists
with hyponatremia, i.e., in over 18% and 25% of cases of IS
and HS, respectively. In the study by Gray et al., hypona-

tremia was observed in 24% of patients

35 with IS during the entire hospitalization
. period,? whereas in the study by Kura-
30 | matsu et al., the percentage of patients
o ’ - with IS and concurrent hyponatre-
25 | Rl oo . | mia was 15.3%.3 In our study, the rate
e °° . of patients with IS and hyponatremia
S 20! oo . :°°_°; o | diagnosed on hospital admission was
2 e T, S e 18.4%, which is a slightly higher value
£ wo oo ® oom “ . than presented in the works mentioned
g . 4—:m ’ . . | above. One reason for this observation
a ooowamp o o 2, e may be the fact that the patient popula-
z 10y om ooo| o e °° 1 tionin our study was considerably older
— T o e e (76 +£13.9 years) compared to the pop-
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@ sosomamese . .o Kuramatsu et al. (69.8 £13.6 years and
o} T o ® = median 59.4 +12.1 years, respectively).®3 An in-
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Fig. 4. Correlation of hyponatremia and IS
in patients’ NIHSS clinical scores on admission
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along with patient’s age is observed in clinical practice
and may be associated with higher comorbidity and
polypragmasia.!* Moreover, in the population studied,
the mean hospitalization time of patients with IS was
longer by approx. 10 days. Therefore, it may be concluded
that the health status and prognosis in the population of IS
patients were worse.

In our study, when we assessed patients with IS who
were in a worse clinical condition than other patients us-
ing the NIHSS scale at admission, hyponatremia was more
often observed. These observations are consistent with
the results of Rodrigues et al.!® The presence of a posi-
tive correlation between the patient’s NIHSS assessment
which is based solely on physical examination, with a na-
tremia laboratory test result, provides useful information
for the clinician wishing to make a prognosis. At the same
time, we proved that the location and size of the stroke
site, as shown using the Paciaroni et al. scale, also has
a significant influence on the emergence of hyponatremia
in patients with IS. In our study, in the group of patients
with IS the mortality rate in individuals with hyponatremia
was 1.8 times higher than in those with normo-natremia.
This correlation is statistically significant. We also ob-
served a trend to increase the 30-days mortality in patients
with HS and hyponatremia, but it was statistically non-
significant. These trends are consistent with the research
by Kuramatsu et al.3

In patients with IS, we found they had a higher risk
of death in the following situations: if their clinical status
on the NIHSS scale was worse than other patients; if they
were older than others; if they had chronic kidney dis-
ease, heart failure or hyperlipidemia; or if they received
a higher score on the Paciaroni et al. scale.!® The unfa-
vorable influence of these clinical factors and abnormali-
ties in laboratory tests on the prognosis of patients with
IS is widely known.!1¢ Some other studies also indicate
that the concurrence of hyponatremia and IS at the onset
of the disease extend the time of hospitalization.? However,
in our population of those IS patients with hyponatremia
who died, no correlation with the length of hospital stay
was observed, which may be due to the relatively small
size of the group studied. In this study, in the IS popula-
tion, a significant, over 2-fold, increase in mortality was
observed in the group of patients with hyponatremia found
at hospital admission compared to the patients with nor-
mo-natremia. Our study has confirmed that the mortality
of patients with IS and hyponatremia is significantly higher
than in patients with normal natremia (p = 0.02). Similar
observations were made by other authors.*1%11> More-
over, we noticed that the severity of hyponatremia found
at hospital admission determined the length of survival
in patients with IS.

Additionally, we observed that Na concentra-
tion <132 mmol/L diagnosed on the first day of IS is a risk
factor for mortality within 30 days of stroke onset. This
finding is the first in the literature available, and it appears

A. Gala-Bfadziniska, et al. Hyponatremia effect on post stroke mortality

to be important for clinicians. Therefore, if a patient with
natremia of 132 mmol/L or lower is admitted to the neu-
rology department due to IS, particularly careful moni-
toring should be applied due to the increased risk of early
stroke-related mortality. Moreover, in a study conducted
by Soiza et al. in patients hospitalized due to IS or HS,
hyponatremia in acute stroke admissions is independently
associated with higher mortality in patients below 75 years
of age.!® Our study confirms this unexpected finding
regarding increased mortality in the group of younger
patients. It has been established that high blood pres-
sure, high cholesterol, smoking, obesity, and diabetes are
the leading causes of stroke. In the 21 century, these dis-
orders significantly affect the condition of blood vessels,
leading consequently to mortality due to cardiovascular
problems.® Increased mortality due to IS in the young-
er population requires a detailed analysis of the causes
of the observed epidemiology in future studies. Special
attention should be paid to comorbidities, as they can sig-
nificantly worsen the prognosis in this group of patients.
In our study, the coexistence of heart failure and IS has
proved to be a significant and independent risk factor
in the emergence of hyponatremia. However, in a study
by Huang et al., among the risk factors for stroke, diabetes
and renal failure were found to be significantly higher
among patients with hyponatremia.l!

Nevertheless, our study has several shortcomings.
First, its retrospective single-center design did not allow
us to answer the question why hyponatremia showed in-
creased in-hospital mortality. Second, this is a prelimi-
nary study and it evaluates only the relationship between
hyponatremia and the clinical condition of patients. Few
prospective studies regarding the effect of hyponatremia
on prognosis in stroke are available. One of them was con-
ducted by Saleem et al., but its results are difficult to assess
since hyponatremia was defined as serum Na concentra-
tion below 130 mmol/L, and the time of the assessment
of natremia relative to the onset of the disease was not
provided.'® A prospective, well-designed and preferably
multicenter study should be performed on the relation-
ship between hyponatremia and its comorbidities, as well
as laboratory parameters. This would allow identification
of the causes of pathophysiological changes leading to hy-
ponatremia and prognosis in patients after stroke.

Conclusions

Hyponatremia is more frequently observed in patients
with HS than IS. Mild hyponatremia is already an inde-
pendent prognostic factor in the mortality of people with
IS and Na concentrations in blood serum may be a pre-
dictor of mortality in IS. In addition, and importantly for
the clinician, hyponatremia correlates with the clinical
condition of the patient and with the size and location
of the stroke in patients with IS. Hence, in a patient with
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a suspected stroke, there is a need to control electrolyte
levels at the onset of the stroke, especially in patients with
comorbidities, irrespective of age.
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Abstract

Background. Several clinical and biological factors exacerbate urinary incontinence (Ul) and reduce the pa-
tient’s quality of life after radical prostatectomy (RP).

Objectives. The purpose of this study was to evaluate the effects of urinary bladder hypertrophy and
overactive bladder (OAB) on Ul in patients after RP.

Material and methods. Seventy patients were enrolled in the study and were divided into 2 groups:
patients with bladder outlet obstruction (BOO) but without OAB (group I; n = 20) and patients with BOO
and 0AB (group II; n=50). Before the RP procedure, all patients were administered IPSS and OAB symptom
questionnaires and ultrasonography and uroflowmetry were performed. The follow-up visits were scheduled
for1,3,6,9,and 12 months after the operation to evaluate postoperative continence.

Results. The results show that patients with BOO and concurrent OAB experienced urinary bladder hypertro-
phy. Patients with OAB presented a normal desire to void with less urinary bladder capacity. The coexistence
of OAB before RP resulted in more extensive Ul, as measured with the ICIQ-UI-SF scores and postoperative
daily pad usage. A gradual improvement in urinary continence was observed. Urinary incontinence was
significantly less severe in successive check-ups (3, 6, 9, and 12 months after RP). Urgency was responsible
for 1-15% or 16—29% of episodes of urinary leakage in 20% and 16% of cases, respectively.

Conclusions. Patients with preoperative OAB are at a higher risk of developing more severe Ul after RP. and
the restoration of pre-surgery urinary continence is limited.

Key words: radical prostatectomy, urinary incontinence, bladder wall thickness, urinary bladder hypertrophy,
overactive bladder
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Introduction

Prostate cancer is one of the most common neoplasms
among elderly males in Europe.! High-risk prostate cancer
accounts for 26—-39% of all cancers and most of the pa-
tients with organ-confined prostate cancer undergo radical
prostatectomy (RP).2 The most common postoperative
complications are erectile dysfunction and urinary in-
continence (UI). In general, patients who have undergone
RP mainly report stress urinary incontinence.®> However,
stress with coexisting urge UI (mixed type) is also observed
in a smaller percentage of patients after RP. The etiopatho-
genesis of Ul after RP is multifactorial.* Our observations
indicate that a certain group of patients who undergo open
retropubic radical prostatectomy is characterized by more
intense UI, because of overactive bladder (OAB) and other
reasons. Overactive bladder develops due to secondary
changes within the urinary bladder wall caused by long-
term obstruction of urine flow at the enlarged prostate.
Prostate cancer always coexists with benign prostatic
hyperplasia, which is responsible for benign prostatic
enlargement (BPE). Benign prostatic enlargement leads
to urinary bladder outlet obstruction, which causes struc-
tural changes to the bladder (e.g., hypertrophy). Urinary
bladder hypertrophy may lead to detrusor muscle overac-
tivity, according to the myogenic theory of this disease’s
development. Overactive bladder can increase stress Ul
and significantly reduce patients’ quality of life after RP.
Ultrasonographic measurement of bladder wall thickness
is useful in OAB diagnosis. Increased thickness of the uri-
nary bladder remains a valuable positive predictor of detru-
sor overactivity development in patients diagnosed with
OAB.® Several predictive factors for Ul after RP have been
defined: the patient’s age, body mass index (BMI), lower
urinary tract symptom score, prostate volume, and comor-
bidity index. Moreover, detrusor overactivity correlates
with continence status following RP.*® Based on clinical
observations and a number of factors affecting urinary
continence after surgery, the issue of post-prostatectomy
UI is demanding. In general, the severity of Ul after RP
is unpredictable; it also varies in each patient depending
on other factors affecting the patient’s continence (es-
pecially bladder hypertrophy).” Therefore, the purpose
of the study was to evaluate the effect of urinary blad-
der structural changes due to bladder outlet obstruction
(BOO) and OAB on Ul in patients with prostate cancer
undergoing open retropubic RP.

Methods
Patients
The study included 90 patients with prostate cancer who

qualified for open retropubic RP, and was conducted from
2016 to 2018. All patients presented with organ-confined
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prostate cancer (cT'lc-T2c) confirmed by magnetic reso-
nance imaging. Seventy patients were enrolled for further
analysis. The remaining 20 patients were excluded from
the study for incomplete follow-up due to the need for
adjuvant therapy (radiotherapy) or for failure to report for
follow-up visits after surgery.

Study protocol

All 70 patients with prostate cancer selected for further
analysis presented with BOO, based on the average urine
flow rates (Q.y) obtained from uroflowmetry. The cut-
off value of Q,,; was set at <10 mL/s. All patients were
divided into two groups: patients with BOO but without
OAB (group I) and patients with BOO and concurrent OAB
(group II). The two groups were necessary due to the di-
versity of lower urinary tract symptoms (LUTS) observed
in the patients due to OAB. All patients presented voiding
LUTS due to BOO, and the majority of patients also pre-
sented storage LUTS due to OAB. At the initial assessment,
all patients with prostate cancer who qualified for open
retropubic RP were given the International Prostate Symp-
tom Score (IPSS) questionnaire. The IPSS questionnaire
assesses LUTS and consists of 7 questions about symptoms
related to benign prostatic hyperplasia and its enlargement,
as well as 1 question about quality of life of the patients.
The scoring range is from 0 to 35 points. The scores 0,
1-7, 8-19, and 20-35 points are defined as asymptomatic
patient, mild LUTS, moderate LUTS, and severe LUTS,
respectively. Overactive bladder symptoms were estimated
using 2 different OAB symptom scores (OABSS), designed
by Blaivas et al. and Homma et al.3-1° Blaivas’s OABSS
scale is focused on LUTS due to OAB, as well as urinary
bladder self-control. It consists of 7 questions and the scor-
ing range is from O to 28 points. The higher the overall
score, the greater the severity of OAB symptoms. Homma’s
OABSS scale is a questionnaire consisting of 4 questions
about the number of LUTS due to OAB. The total score
is the sum of all 4 scores related to each OAB symptom and
the scoring range is from 0 to 15 points. The highest score
indicates extremely severe OAB symptoms.!! An OABSS
total score of >3 points on the Homma questionnaire
and/or >4 points on the Blaivas questionnaire were set
as the inclusion criterion for group II (patients with OAB).

Additionally, we performed an ultrasonographic evalu-
ation of the urinary bladder and prostate and a uroflowm-
etry test for each patient (see below). The follow-ups were
scheduled for 1, 3, 6, 9, and 12 months after open retropu-
bic RP in order to evaluate the functional outcomes and
the severity of UL At the follow-ups, postoperative conti-
nence was assessed and each patient was asked to complete
an ICIQ-UI-SF questionnaire (International Consultation
on Incontinence Questionnaire Urinary Incontinence
— Short Form). The validated ICIQ-UI-SF questionnaire
evaluates 3 issues of urine leakage: “frequency,” “quantity,”
and “impact on everyday life.” The total score is the sum
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of points connected with these 3 issues and it ranges from 0
to 21 points. The ICIQ-UI-SF questionnaire contains 8 ad-
ditional questions concerned with the occurrence of urine
leakage which are not included in the total ICIQ-UI-SF
questionnaire score.'? Stress Ul was also estimated, based
on measurements of pad usage per day. A daily pad usage
of 0 pads and/or an ICIQ-UI-SF score of 0 points indicated
that the patient was continent; all patients with a daily pad
usage of 1 were defined as socially continent. These criteria
for determining continence status were based on the study
by Grabbert et al.!® In addition, we created a new scale
(the VAS-UI: Visual Analogue Scale — Urinary Inconti-
nence) to assess the contribution of urgency to UT after
open retropubic RP. The VAS-UI consists of a straight line
whose endpoints represent “0% urge UI and 100% stress
UI” and “100% urge UL” The patients were asked after
surgery to indicate between the 2 endpoints the propor-
tion of their incontinence that is urge UL The study was
approved by the Local Ethical Committee.

Ultrasonographic evaluation

At the initial consultation (before RP), each patient un-
derwent a transabdominal ultrasonographic evaluation
(USG) of the structure of the prostate and urinary blad-
der. Three-dimensional ultrasonography was used to as-
sess the prostate volume [mL]. In each patient, the USG
was performed when urinary bladder filling was related
to a normal desire to void. This was done in order to re-
produce the physiological (functional) filling of the uri-
nary bladder and the bladder and detrusor wall thickness
(BWT and DWT) for each patient. Functional urinary
bladder wall thickness (fBWT) (in mm) and functional
detrusor muscle thickness (fDWT) (in mm) were mea-
sured along the sagittal plane in the anterior bladder wall.
The means of 3 measurements of fBWT and fDWT were
calculated. Moreover, we recorded the surface area (SA)
(in cm?), which covers the bladder capacity and illustrates
the degree to which the bladder is filled. In addition, we de-
fined a new parameter called the adjusted-BWT index
(@BWTi). The aBWT index is calculated from the func-
tional urinary bladder wall thickness (fBWT), the sur-
face area (SA), and the prostate volume (Vprostate) Using
the following formula: aBBWTi = fBWT x SA x 0.1/ Vpyostate-
It is known that the BWT depends on the degree to which
the urinary bladder is full. In addition, the prostate vol-
ume determines the extent of the bladder outlet obstruc-
tion. A bladder outlet obstruction which is increased due
to an enlarged prostate affects the urinary bladder struc-
ture and the thickening of the urinary bladder wall. There-
fore, in our cohort we measured the functional bladder wall
thickness (fBWT), which is affected by the degree of blad-
der filling. The main goal in defining this new parameter
was an attempt to homogenize the study group, but we also
tried to define a simple parameter to determine the sever-
ity of UT after open retropubic RP for urologists conducting
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preoperative evaluations of patients with prostate cancer
who qualified for radical treatment. The aBWT index,
thanks to its simplicity and straightforward calculation
(based only on USG measurements of the urinary bladder
and prostate), can become a useful tool in the preoperative
assessment of RP and in determining the predictive factor
of UT after RP.

Uroflowmetry

Uroflowmetry was performed in each patient at the ini-
tial assessment (before RP). Uroflowmetry was initiated
when the patient reported a normal desire to void. We re-
corded the following parameters: 1) the maximum urine
flow rate (Qumay) (in mL/s), 2) the average urine flow rate
(Qavg) (in mL/s), and 3) the urine flow time (FT) (in sec-
onds). After the patient voided, we measured the post-
void residual urine (PVR) (in mL) using three-dimensional
transabdominal ultrasonography. In addition, we intro-
duced a new parameter to evaluate the area under the uro-
flowmetric curve: the UFM zyc. The UFM pyc is the abso-
lute value obtained by multiplying the average urine flow
(Qavg) by the urine flow time (FT). The UFM,yc seems
to more accurately describe the function of the lower
urinary tract than single parameters, such as Qu., and
Qavgy which depend on how full the bladder is. Consider-
ing the fact that uroflowmetry is dependent on bladder
fullness, the creation of the UFMyc provides for a more
unified study group and links urine flow rate to bladder
fullness and the efficacy of bladder voiding (functional
activity), which is indirectly expressed by the FT during
uroflowmetry. The main goal in defining the UFM syc was
to unify the study group despite the different bladder vol-
umes producing a normal desire to void.

Exclusion criteria

The exclusion criteria were as follows: 1) neoadjuvant
(any time before) or adjuvant radiotherapy or brachythera-
py (within the 12-month follow-up period); 2) macroscopic
infiltration of the urinary bladder (pT4); 3) neurological
deficiencies (e.g., stroke, spinal cord injury, multiple scle-
rosis, Parkinson’s disease, etc.) which would cause an in-
ability to control the urinary bladder; 4) urethral stric-
tures; 5) previous surgery — such transurethral resection
of the prostate (TURP) or adenomectomy — performed up
to 12 months prior to the RP; and 6) any form of constant
catheterization (indwelling catheter or clean intermittent
catheterization).

Statistical analysis

All of the results are presented as medians (along with
25th-75% percentiles). The normality of the data was de-
termined by the Kolmogorov—Smirnov test. As the data
did not fulfil the criteria of normality, a nonparametric
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Friedman test was performed — followed, where neces-
sary, by a Wilcoxon test with Bonferroni correction —
to compare the differences between dependent groups
(repeated measurements). The Mann—Whitney test was
used to compare the differences between independent
groups (group I vs. group II). Intragroup measurements
of all analyzed preoperative and postoperative parameters
were tested using Spearman’s correlation due to the “non-
normal” distribution of the data. The data was consid-
ered statistically significant when p < 0.05. The statistical
analyses were conducted using SPSS v. 24.0 software (IMB
Corp., Armonk, USA).

Results
Preoperative assessment

The mean age of the patients in groups I and Il were 66.5
and 68.0 years, respectively. The preoperative lower uri-
nary tract symptom evaluations, USG characteristics, and
uroflowmetric parameters are summarized in Table 1. All
patients included in the study presented BOO and moder-
ate or severe lower urinary tract symptoms (LUTS), based
on their IPSS score and uroflowmetry. In comparison with
group I (BOO without OAB), more patients in group II
reported LUTS due to OAB on the Blaivas and Homma
OABSS questionnaires (1 vs 12, p < 0.05; and 1 vs 6,
p < 0.05, respectively). Patients with BOO and concurrent

Table 1. Preoperative lower urinary tract symptom evaluation, ultrasono-
graph characteristics, and uroflowmetry parameters in patients with
prostate cancer who qualified for radical prostatectomy

Questionnaire evaluation
Questionnaire Group | Group Il
OABSS (Blaivas et al.) 1(0-2) 12 (7-14) p <0.05
OABSS (Homma et al.) 1(1-2) 6 (3-8) p < 0.05

IPSS 12 (5-16) 13 (10-17) ns

p-value

Ultrasonography
Parameter Group |
40 (35-48)
23(21-26)
1.0 (0.9-1.1)
53.0 (44.4-60.8)

0.26 (0.23-0.35)

Group Il
40 (35-51) ns
2.7(23-3) p <0.05
1.3 (1.1-1.7) p <0.05
37.2(30.3-485) | p<0.05
0.24 (0.18-0.34) ns

p-value
Prostate volume [mL]
fBWT [mm]

fDWT [mm]

SA [cm?]

aBWTiingex [1]

Uroflowmetry

Parameter Group | Group Il p-value
Qpax [ML/5] 13 (10-16) 10 (7-11) p <0.05
Qavg [ML/S] 8 (7-9) 6 (4-8) p < 0.05
Flow time [s] 42 (33-49) 35 (29-44) p <0.05
Vyoig [mL] 340 (302-379) 194 (159-263) | p < 0.05
PVR [mL] 20 (0-40) 30 (0-55) ns
UFMayc[1] 346 (262-381) 195 (150-261) | p<0.05

OAB experienced more urinary bladder hypertrophy than
patients with only BOO. Urinary bladder hypertrophy was
identified during USG as an increased functional blad-
der wall thickness (fBWT) and functional detrusor wall
thickness (fDWT) (2.7 vs 2.3 mm, p < 0.05; and 1.3 vs.
1.0 mm, p < 0.05, respectively). Moreover, patients with
OAB experienced a normal desire to void when their blad-
ders were less full, which was reflected in the reduced sur-
face area under ultrasound (37.0 vs 53.0 cm?, p < 0.05);
consequently, the median values of voided urine volume
were correspondingly smaller (194 vs 340 mL, p < 0.05).
Compared to patients with BOO, the adjusted-BWT index
in patients with BOO and OAB was lower, though not
statistically significantly lower. The UFM suc was signifi-
cantly higher in patients with BOO than in patients with
coexisting OAB (346 vs 195, p < 0.05).

Postoperative assessment

The postoperative ICIQ-UI-SF scores were analyzed
in all 70 patients during the 12 months of follow-up.
Of the patients with BOO but not OAB (group I), 50%
achieved complete urinary continence within 12 months
of RP (ICIQ-UI-SF score = 0 points), whereas only 30%
of patients with BOO and concurrent OAB (group II) did
so. All of the patients with BOO and OAB suffered mod-
erate to severe Ul according to their ICIQ-UI-SF scores
(6-10 and >11 points, respectively) in the 3 months after
RP. Patients with BOO but not OAB mostly reported mild
Ul in the 3 months after surgery in 75% of the cases. Six
months after the surgery, none of the patients reported
UI (ICIQ-UI-SF score >11 points). The Friedman test re-
vealed that the ICIQ-UI-SF questionnaire differed with
time in both group I (x*(4) = 72.903, p = 0.000) and group II
(x%(4) = 197.204, p = 0.000). Postoperative ICIQ-UI-SF
questionnaire scores in the 12-month period are sum-
marized in Table 2.

Table 2. Postoperative ICIQ-UI-SF questionnaire scores

Follow-up | Grou 0 points L 6-10 LT
: ¢ ° points point 11 points
n | n

s
[%]

n | [%] %]
| 0 0 0 0 8 40 | 12 | 60
1 month
Il 0 0 0 0 1 2 49 98
| 0 0 15 75 4 20 1 5
3 months
Il 0 0 0 0 37 74 13 26
| 0 0 19 | 95 0 0 0 0
6 months
Il 0 0 26 52 24 48 0 0
| 4 20 16 | 80 0 0 0 0
9 months
Il 1 2 49 98 0 0 0 0
| 10 @ 50 10 @ 50 0 0 0 0
12 months
15 30 35 70 0 0 0 0




ICIQ-UI-SF score — 1 month [points]

ICIQ-UI-SF score — 9 month [points]
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In our cohort, we observed a gradual improvement
in urinary continence (groups I and II). The reduc-
tion in the severity of Ul was statistically significant
in the successive follow-ups (3, 6, 9, and 12 months
after RP) (Table 3).

In comparison with patients with BOO alone,
the severity of postoperative UI was significantly
higher in patients with BOO and OAB symptoms
at the 9-month follow-up. After 12 months, we record-
ed no statistically significant difference in UI (Table 4).

We found statistically significant positive correla-
tions between the Blaivas et al. OABSS score and
the severity of U, according to the ICIQ-UI-SF ques-
tionnaires (1, 3, 6, and 9 months after RP, p < 0.01
for each). Moreover, Homma OABSS scores posi-
tively correlated with the severity of UI, according
to the ICIQ-UI-SF questionnaire 3 months after
surgery (p < 0.01) (Fig. 1).

r=0.686 =z 80 r=0.797
< g <
70 p<0.001 . ° o 2 % p<0.001
60 M =t 0
. . £
50 . o o K £ 50
40 o o. e o o I 40
©
30 . : oo o g 30
20 0.4 o o . . % 20
o e . ° . 5
10 L., ° Q 10
o8 2 o
0 10 20 30 40 50 60 70 80 0 10
OABSS (Blaivas et al.) score [points]
— 80
N r=0.632 2 r=0.874
70 p<0.001 ° oo g 70 p<000l
L] L] L] —
60 = 60
=
S0 | e g 50
e © 000 000 00 06 o ooee —
20 e |
________ o
30 e s
------- ]
. ° 3
20 . - 2
o o e 0000 o 00 o =
10 =
PN . 8
0 10 20 30 20 50 60 70 80
OABSS (Blaivas et al.) score [points]
80
r=0.639
70 p<0.001 e o

Daily pad usage — 9 month [points]

0 10 20 30 10 50 60
OABSS (Blaivas et al.) score [points]
— 80
Z r=0.820
3 70 p<0.001 °
& ° o
= 60
g o o .
8
g
| 40 ° ° e @ .
o
s 30
g .
= 20 | o e e o o o
&
S0 -
] . o
g o
0 10 20 30 40 50 60

OABSS (Homma et al.) score [points]

Table 3. Comparison of postoperative evaluations in successive follow-ups in groups

land Il

1 month

Follow-up

3 months 6 months 9 months

ICIQ-UI-SF questionnaire
| 12/(9-13) 5(3-6)* 333 1(1-3)%&#
I 14 (13-16) 9 (7-11)* 5 (4-6)%& 3 (3344
Daily pad usage

I 2(1-2) 2(1-2) 1(1-1)*& 0 (0-1) %44
I 3(3-4) 2 (2-3)* 1 (1-2)%& 1(0-1)*&*

Percentage attendance of urge urinary incontinence
| 0 (0-20) 0 (0-20) 0(0-0) 0(0-0)
I 13 (0-26) 13 (0-26) 10 (0-20)*& | 0 (0-15)*&*

12 months

0.5 (0-1)x&#8
1 (0_3) *&H#9

O (070) *&H#
0 (0—]) *&#9

0(0-0)
0 (0-15)%&+#

*p < 0.005 vs T month; p < 0.005 vs 3 months; fp < 0.005 vs 6 months; *p < 0.005
vs 9 months.
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Fig. 1. Correlations between OABSS questionnaire scores and ICIQ-UI-SF questionnaire scores or daily pad usage after radical prostatectomy
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Table 4. Comparison of postoperative evaluations of groups | and Il

Postoperative

evaluation Follow-up Group | Group Il p-value
1 month 12 (9-13) 14 (13-16) | p <0.05
3 months 5(3-6) 9 (7-11) p <0.05
ﬂe};ﬁéﬁgaire 6months | 3G=3) | 5(-6 | p<00s
9 months 1(1-3) 3(3-3) p <0.05

12 months 0.5 (0-1) 1(0-3) ns
1 month 2(1-2) 3(3-4) p <0.05
3 months 2(1-2) 2(2-3) p < 0.05
Pad usage 6 months 1(1-1) 1(1-2) p <0.05
9 months 0(0-1 1(0-1) p <0.05

12 months 0 (0-0) 0(0-1 ns

1 month 0 (0-20) 13 (0-26) ns

Percentage 3 months 0(0-20) 13 (0-26) ns
AGEOEES 6months | 0(0-0) | 10(0-20) = p<0.05

of urge urinary

incontinence 9 months 0(0-0) 0(0-15) p <0.05
12 months 0 (0-0) 0 (0-10) p <0.05

n
0

1 month

I 0 0 1 2 49 98

| 0 0 8 40 12 60
3 months

Il 1 2 7 14 42 84

I 3 15 17 85 0 0
6 months

| 4 8 30 60 16 32

I 15 75 5 25 0 0
9 months

| 16 32 31 62 3 6

| 17 85 3 15 0 0
12 months

| 31 62 19 38 0 0

Regarding daily pad usage in our cohort, we observed
that most of the patients with only BOO (group I) reported
full urinary continence in terms of pad usage (85%). Con-
current OAB symptoms (group II) influenced the everyday
use of pads. In this group of patients, full urinary conti-
nence (0 pads per day) and social continence (1 pad per
day) were reported in 62% and 38% of cases, respectively.
None of the patients from our cohort were using more
than 1 pad per day by the 12-month follow-up examina-
tion. In the first 3 months post-op, most of the patients
experienced Ul requiring the use of at least 1 pad per day
(60% for patients without OAB and 84% for patients with
OAB). The Friedman test showed that daily pad usage dif-
fered with time in both group I (x3(4) = 71.150, p = 0.000)
and group II (x3(4) = 183.361, p = 0.000). Postoperative
daily pad usage over the 12-month period is summarized
in Table 5.
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According to these results, urinary continence improved
with time after RP. We also observed a reduction in post-
operative daily pad usage over time (Table 3). As com-
pared to the patients with BOO alone, the patients with
OAB symptoms and BOO required more pads per day
in the first 9 months following RP. At the 12-month fol-
low-up, we recorded no statistically significant differences
in daily pad usage (Table 4).

A statistically significant positive correlation was found
between the Blaivas OABSS score and daily pad usage (1, 3,
and 9 months after RP, p < 0.01 for each). Also, the Hom-
ma OABSS score positively correlated with daily pad us-
age at the 1-month and 3-month follow-up examinations
(p < 0.01) (Fig. 1).

In our cohort, at least 50% of patients reported stress Ul
(urine leakage not triggered by urgency). We observed that
36% of the patients with BOO and OAB still experienced
mixed UI 12 months after RP; the mixed UI was mainly
of the stress type. In 20% of the patients with BOO and
OAB, urgency was the cause of urinary leakage in 1-15%
of episodes of UL, while in 16% of patients it contributed
to 16—29% of UI episodes. The Friedman test revealed
that the proportion of urge UI differed with time only
in group II (x*(4) = 32.680, p = 0.000) — not in group L.
The postoperative proportion of urge UI 12 months after
RP is summarized in Table 6.

Discussion

Development of OAB after RP accounts for 15.2 to 37.8%
of cases.!* Several underlying mechanisms in the patho-
genesis of post-prostatectomy OAB have been proposed.
The impact that surgery has on the anatomical relation-
ships of the lower urinary tract and its innervation seems
indisputable if we consider the context of Ul. A num-
ber of preoperative factors also have a negative impact
on a patient’s continence after RP (e.g., the patient’s
age, preexisting LUTS, body weight, functional urinary
bladder changes, etc.). Preoperative functional changes
of the bladder (hypertrophy of the bladder wall) are caused
by bladder outlet obstruction due to benign enlargement
of the prostate. In our cohort, patients with OAB symp-
toms had hypertrophy of the bladder wall and detrusor
muscle. It is worth mentioning that increased thickness
of the bladder is a predictor of detrusor overactivity in pa-
tients with OAB.”1

The main goal of our study was to carry out a functional
assessment and analysis of the physiological conditions
for each patient during ultrasound of the urinary bladder.
Patients with prostate cancer who qualify for RP belong
to a very heterogeneous group due to the varying severity
of bladder outlet obstruction and associated voiding is-
sues and/or storage LUTS. In our cohort, the patients with
OAB symptoms were characterized by less urinary blad-
der capacity, so this dependence could affect the absolute
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Table 6. Postoperative percentage attendance of urge urinary incontinence in urinary incontinence after radical prostatectomy

Percentage attendance of urge urinary incontinence

Follow-up

n

| 1 55 0
1 month

Il 23 46 3

| M 55 2
3 months

Il 24 48 3

| 16 80 3
6 months

Il 24 48 9

| 20 100 0
9 months

Il 28 56 12

| 20 100 0
12 months

Il 32 64 10

0 7 35 1 5
6 13 26 " 22
10 6 30 1 5
6 1 22 12 24
15 1 5 0 0
18 12 24 5 10
0 0 0 0 0
24 9 18 1 2
0 0 0 0 0
20 8 16 0 0

value (non-physiological) of BWT and DWT. It seems
reasonable to measure BWT and DWT at a constant
bladder volume in further experiments. We observed no
statistically significant differences of adjusted-BWT index
in either group. The lack of differences in aBWTi could
be explained by the fact that there is no simple correla-
tion between increasing prostate volume and more severe
LUTS as a result of bladder outlet obstruction. Smaller
prostates often cause more severe bladder outlet obstruc-
tion. The creation of the UFM syc seems to be justified,
as it contains two variables which are dependent on how
full the urinary bladder is: flow time and average urine
flow. In our cohort, patients with OAB symptoms had
alower value of UFM zuc. Thus, this parameter may be use-
ful in the preoperative evaluation of patients with prostate
cancer who qualified for RP — along with other data (e.g.,
OABSS questionnaire scores, fBWT, fDWT, etc.) — for
predicting the degree of UT after surgery.

Our results revealed that the coexistence of OAB
in patients before RP results in more extensive Ul after
surgery, as measured by the ICIQ-UI-SF score. Sebesta
et al. reported that approximately one-third of patients’
urgency or urge Ul was the primary cause of Ul follow-
ing RP.1® Most patients after RP regain continence com-
parable to their presurgical continence within the first
12 months post-op. However, during the subsequent
12 months, a modest improvement in continence has also
been observed.*!” In our cohort, patients with OAB were
characterized by a slower improvement in urinary conti-
nence at the 12-month follow-up than patients with only
bladder outlet obstruction. Only 30% of OAB patients
were fully continent according to their ICIQ-UI-SF scores
(0 points) after RP. Urodynamic evaluations of patients
after RP revealed detrusor overactivity in about 3—63%
of cases.? In their study, Hosier et al. showed that OAB
and storage LUTS frequently occur in patients who have
undergone RP;1® Song et al. reported that more than half
of their patients developed detrusor overactivity within

3 years of RP.* Similarly, in our cohort, 36% of the patients
still experienced urge UI 12 months after surgery. The se-
verity of this type of incontinence ranged from 1-15% (20%
of patients) to 16—19% (16% of patients).

Moreover, we observed increased daily pad usage fol-
lowing RP in patients with OAB. In our cohort, patients
with no OAB symptoms reported full or social conti-
nence in the 12-month postoperative period in 85% and
15% of cases, respectively, while patients with concurrent
OAB achieved full continence in 62% of cases and so-
cial continence in 38% of cases. In their long-term func-
tional analysis of patients after RP, Grabbert et al. found
full and social continence in terms of pad usage in 36%
and 27% of patients after 3 months, in 53% and 24% after
12 months, in 56% and 22% after 24 months, and in 63%
and 17% of cases after 36 months.!? Sebesta et al. reported
that 31.7% of their RP cohort were fully continent.!® Urine
leakage at least once a day occurred in 16.8% and 9.2%
of patients, respectively.

Regarding the occurrence of urgency in the post-pros-
tatectomy period, all patients without OAB prior to sur-
gery reported Ul due to urgency. Conversely, patients with
LUTS caused by OAB before RP still reported urge UI
in 36% of cases after 12 months. The urgency was respon-
sible for 1-15% or 16—29% of episodes of urinary leak-
age in 20% and 16% of cases, respectively. In most cases,
it is difficult to indicate whether urine leakage is caused
by urgency. Urgency may exacerbate the existing stress
UL In contrast, episodes of urgency may result from
the activation of the reflex arc connecting the proxi-
mal urethra to the detrusor muscle. Stress Ul is always
present to varying degrees in patients after RP. It should
also be mentioned that stress Ul may intensify urge UL
Based on an animal model, it can be postulated that this
phenomenon is likely associated with the stimulation
of the afferent nerves of the proximal part of the urethra
by urine (due to sphincter insufficiency after RP), leading
to detrusor muscle contraction (inducing or exacerbating
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existing detrusor overactivity).?’ The Visual Analogue
Scale — Urinary Incontinence (VAS-UI) that we use seems
to be very helpful in patients with prostate cancer who
qualify for RP. In the case of a patient with coexisting OAB,
a heavier course of Ul should be expected. The VAS-UI
scale is a simple diagnostic tool that provides a quick and
easy indication of whether a given patient actually has
urgency after surgery. This information seems crucial for
more precisely managing patients who present with OAB
symptoms following RP as well as for administering drugs
which affect urinary bladder function (e.g., anticholinergic
drugs, p3-adrenergic agonists, etc.), and thus for reducing
the severity of OAB and post-prostatectomy UL

In our analysis, we found a statistically significant posi-
tive correlation between Blaivas OABSS score and post-
operative Ul according to ICIQ-UI-SF score (9 months
after surgery) and daily pad usage (1, 3, and 9 months
after surgery). The Homma OABSS score was character-
ized by fewer statistically significant positive correlations
with Ul as assessed in the postoperative course. The scores
from this questionnaire correlated with daily pad usage
during the first 3 months after surgery, as well as with
the ICIQ-UI-SF score 3 months after RP. Our data indi-
cates that the OABSS questionnaire designed by Blaivas
et al. is a precise diagnostic tool for OAB as it assesses
the degree of overlap of OAB symptoms and it can indicate
the probability of an unfavorable course of recovery after
RP (more severe and longer lasting UI), especially during
the first 9 months after a procedure.

Considering the above-mentioned data, urinary bladder
wall hypertrophy and functional disorder of the urinary
bladder (e.g., OAB) are important factors affecting urinary
continence after RP. Overactive bladder may develop be-
cause of long-term bladder outlet obstruction and benign
prostatic enlargement, which coexist in most patients
diagnosed with prostate cancer. Furthermore, RP may
intensify preoperative OAB. In many cases, RP affects
the innervation of lower urinary tracts and leads to func-
tional changes in the bladder, such as detrusor overactiv-
ity and/or decreased bladder compliance. Patients with
preoperative OAB are at higher risk of developing more
severe Ul after RP, the return to urinary continence will be
slower, and the continence regained after 12 months will
be slightly worse than for patients without OAB. The im-
provement in postoperative urinary continence should
be multidirectional, especially during the first 2 years
after RP. Pelvic floor muscle physiotherapy can reduce
the degree of stress UI, which is also responsible for uri-
nary bladder dysfunction (especially OAB). On the other
hand, patients with OAB should receive targeted therapy
to reduce the severity of OAB. This treatment should in-
clude pharmacotherapy, e.g., antimuscarinic drugs and/
or 3-adrenergic agonists (first-line treatment). In cases
where the patient does not respond to pharmacotherapy;,
intravesical botulinum toxin type A injections should be
considered as a second-line treatment after RP. Perhaps

K. Juszczak, et al. Post-prostatectomy urinary incontinence

in the future, patients with severe OAB who are at a higher
risk of unfavorable post-prostatectomy UI outcomes will
undergo intravesical botulinum toxin type A injections
at the same time as their RP. However, further research
is necessary in this area.

Conclusions

In summary, our study showed that patients with blad-
der outlet obstruction and concurrent OAB are charac-
terized by urinary bladder hypertrophy. The coexistence
of OAB in patients before RP results in more severe Ul
after the surgery, as measured by ICIQ-UI-SF score and
daily pad usage; the restoration of pre-surgery urinary
continence is also limited. The OABSS questionnaire de-
signed by Blaivas et al. is a precise diagnostic tool for OAB
and should be widely implemented in urological practice
in the preoperative assessment of patients with prostate
cancer who qualify for RP.
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Abstract

Background. The impact of lifestyle factors including health-promoting physical activity on complication
rate following amniocentesis is unclear.

Objectives. To examine the further course of pregnancy in patients undergoing amniocentesis in relation
to selected risk factors including the level of health-promoting activity and occupational work on the com-
plication rate after genetic amniocentesis.

Material and methods. Medical records from 317 diagnostic amniocenteses were analyzed and 230 pro-
cedures carried out on 219 pregnant women were included in the study.

Results. The mean maternal age was 34.50 45 years (range: 22—47 years). In the patients studied, am-
niocentesis was performed at 12—24 gestational weeks with a median at 16 gestational weeks (mean:
16.13 +2.02 weeks). Overall, 174 amniocenteses (75.6%) did not reveal any genetic disorder while 56 (24.4%)
confirmed a genetic disorder. One hundred procedures (43.5%) were followed by at least T complication,
while 130 procedures (56.5%) were uneventful. The following complications were observed: general pain
— 37 (16%), fever — 5 (2.2%), dizziness — 7 (3%), amniotic fluid leakage — 5 (2.2%), vaginal bleeding
—3(1.3%), and fetal death — 11 (4.8%). The following lifestyle factors were reported: use of stimulants
—12(5.2%), occupational work — 158 (68.7%), commuting — 137 (59.6%), and physical activity — 62 (27%).
Abdominal pain/uterine contractions were significantly more frequent with generalized pain, fever, vaginal
bleeding, and physical activity. The presence of dizziness correlated with generalized pain in women who
were working and commuting. Working occupationally when pregnant correlated positively with practicing
sport. Better newborn condition was significantly correlated with older gestational age and longer sick leave.

Conclusions. Physical activity performed by pregnant women after amniocentesis increases the risk of post-
procedural complications such as abdominal pain, uterine contractions, dizziness, and syncope. Reducing
physical effort 2 weeks after the procedure is recommended. Further studies are warranted.

Key words: amniocentesis, lifestyle factors, occupational work, prenatal care, adverse events
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Introduction

Congenital defects and genetic abnormalities of the fe-
tus may appear both in high-risk and healthy pregnant
women, hence the necessity to conduct prenatal tests in all
pregnant women.! It has been estimated that approx. 2-3%
of children are born with a congenital malformation. Out
of these, 65-70% of cases are of unknown etiology, 20%
have genetic disorders, 3—5% chromosomal aberrations,
2-3% disorders as a consequence of infection, and 2—-3%
disorders caused by a teratogenic factor.? Chromosomal
aberrations alone occur in approx. 50% of aborted em-
bryos, in 2% of fetuses at 16—18 weeks of pregnancy and
in 1 in 160 cases of live births.?

Proper prenatal diagnosis reduces perinatal mortality.
The detection of abnormalities in fetal development makes
it possible to start targeted monitoring during pregnancy,
introduce indirect treatment through the mother, correct
defects using intrauterine procedures, prepare the fetus for
an earlier delivery, and properly arrange the conditions and
medical staff to carry out medical intervention immedi-
ately after delivery. Information about serious chromosome
aberration allows for earlier termination of a pregnancy
that would end in spontaneous abortion or death during
or after delivery in most cases.*®

Invasive prenatal testing poses a risk of complications
to healthy fetuses, therefore their use is only advised when
screening suggests abnormalities or a family history of fe-
tal abnormalities exists.'® Prenatal tests are conducted
according to evidence-based medicine using reliable
and up-to-date methods for assessment of the condition
of the fetus.”® Invasive examinations, including amniocen-
tesis, provide practically 100% accuracy in the detection
of chromosomal aberrations. During amniocentesis, amni-
otic fluid is sampled which may be associated with the oc-
currence of potential complications.” As early as in 1986,
Tabor et al. found that amniocentesis is associated with
an increased rate of miscarriage.!” The prevalence of such
consequences dropped from 2.1% to 1.4% after the intro-
duction of ultrasound control during amniotic fluid col-
lection. An analysis of 68,000 amniocenteses showed that
the rate of pregnancy loss equals approx. 0.33%. Other
possible complications include injuries of the fetus caused
by the needle, such as scars visible on the skin of the new-
born, eye injuries and subdural hematoma. Additionally,
an increased risk of the development of respiratory distress
syndrome and pneumonia has been reported.!” Obstetric
complications such as bleeding and amniotic fluid leak-
age appear so rarely that it is difficult to estimate the risk
of their occurrence.! The percentage of miscarriages after
amniocentesis correlates positively with the age of women
at the intervention, the number of punctures, the presence
of myomas, and obesity of the pregnant woman but are
negatively correlated with the operator’s experience.!12-14
Lifestyle factors have not been discussed in the litera-
ture although patients often ask healthcare providers
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whether they should change their daily activity directly
after the amniocentesis and later in the course of their
pregnancy.

Taking into account the constant development of prena-
tal testing and the lack of studies on the impact of lifestyle
factors on the prevalence of complications after amnio-
centesis, the aim of the study was to examine the further
course of pregnancy in patients undergoing amniocente-
sis in relation to selected risk factors including the level
of health-promoting activity and occupational work
on the complication rate after genetic amniocentesis.

Material and methods

Medical records from 317 diagnostic amniocenteses
conducted in our institution were used. Every patient was
invited to participate in the study and to answer a ques-
tionnaire. We failed to contact 16 patients (5%) due to a lack
of response or changes in contact information. Another
70 patients (22.2%) refused to participate in the study. Ul-
timately, the study group included 230 procedures carried
out on 219 pregnant women. Clinical data was retrieved
retrospectively from patient medical records. Data on daily
living activities and lifestyle factors were retrieved from
a postnatal survey. The study was conducted after obtain-
ing approval from the Commission of Bioethics at Wroclaw
Medical University, Poland. All subjects gave a written
informed consent for participation in the study.

The demographic and clinical data collected, as well
as the answers provided by the patients in the survey,
were statistically analyzed using the STATISTICA soft-
ware package v. 10 (StatSoft, Tulsa, USA). The data was
presented as means (standard deviation — SD) and per-
centages. Comparisons between groups were conducted
with x? test or Fisher exact test and Mann-Whitney U test.
Spearman’s correlation rank was used to determine cor-
relations between variables. Differences were considered
statistically significant at p < 0.05.

Results

In the study group, 216 amniocenteses (93.9%) were per-
formed on singleton pregnancies (including 6 amniocenteses
performed as repeated procedures), while 14 amniocenteses
(6.1%) were performed on twin pregnancies. The mean ma-
ternal age was 34.50 5 years (range: 22—47 years). In the pa-
tients studied, amniocentesis was performed at 12-24 ges-
tational weeks with a median at 16 gestational weeks (mean:
16.13 +2.02 weeks). Patients referred for amniocentesis were
mainly primigravidae (n = 92; 40%), secundigravidae (n = 79;
35%) and tertigravidae (n = 44; 19%), while quadri- and quin-
tigravidae (n = 12; 5% and n = 3; 1%) constituted a small
percentage of the study group. Overall, 208 (94.43%) of 230
amniocenteses were performed in naturally conceived
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pregnancies, while 22 (9.57%) were in pregnancies conceived
with assisted reproductive technology (ART).

The studied amniocenteses were divided into 2 groups;
group A in which the result did not reveal any genetic
disorder (n = 174; 75.6%) and group B in which genetic
disorder was confirmed (n = 56; 24.4%). The most common
defect (n = 22) was Down syndrome (trisomy 21). It was
concomitant with a congenital heart defect in 2 cases, and
in 1 case with Klinefelter syndrome, an exceptionally rare
comorbidity of Down syndrome. Multiple fetal anomalies
were found in 2 cases, Edwards syndrome in 5 and Turner

Table 1. Comparison of complication rate following amniocentesis by result of genetic testing

Group A (n = 174)
normal karyotype

Complication

Abdommal pfm/uterlne 339 (148) 295 (1.29)
contractions
Generalized pain **
no 144 (82.76%) 49 (87.50%)
yes 30 (17.24%) 7 (12.5%)
Fever ***
no 172 (98.85%) 53 (94.64%)
yes 2 (1.15%) 3 (5.36%)
Dizziness/syncope ***
no 167 (96.17%) 54 (93.43%)
yes 7 (3.83%) 2 (3.57%)
Amniotic fluid leakage ***
no 172 (98.85%) 53 (94.64%)
yes 2 (1.15%) 3(5.36%)
Vaginal bleeding ***
no 172 (98.85%) 55 (97.78%)
yes 2 (1.15%) 1(2.22%)
Fetal death ***
no 170 (97.7%) 49 (87.50%)
yes 4 (2.30%) 7 (12.50%)

Group B (n =56)
genetic disorder

134

syndrome in 6. The remaining cases comprised rare ge-
netic disorders.

In the study group, a total of 100 procedures (43.5%) were
followed by at least 1 complication, while 130 procedures
(56.5%) were uneventful. The most common complica-
tions included abdominal pain and contractions as well
as generalized pain. Table 1 presents complications after
amniocentesis by the result of the procedure.

In the present study, several lifestyles factors and their as-
sociation with complications following amniocentesis were
examined. Factors analyzed included the use of stimulants
during pregnancy, occupational work and
the necessity to commute, duration of sick
leave, and health-promoting physical ac-
tivity. Stimulants were used in 12 (5.2%)
of the 230 procedures; genetic disorder

p-value

0.8794 was diagnosed in 1 baby. Of the stimulant
users, 4 women were smoking (3—10 ciga-
04009 rettes a day) and 3 were consuming alco-
hol — mainly wine. Overall, 72 procedures
were performed on women who did not
00604 work during pregnancy and 158 on those
who did. The mean distance traveled
to work for working women was 56.3 km.
0.8795 .
Only 20 women did not have to commute.
Sixteen working women were not on sick
0.0604 leave at all, while 132 were on sick leave with

an average number of sick weeks of 13.9
(range: 1-38 weeks). Some women were en-
0.7151 gaged in various forms of health-promoting
physical activity: 62 procedures were per-
formed on physically active women while

0.0017
68 on physically inactive ones. The follow-

Results presented as number (%) or mean (standard deviation — SD). Bold denotes statistical

significance. * Mann-Whitney U test; ** x? test; *** Fisher exact test.

Table 2. Comparison of lifestyle factors following amniocentesis by result of genetic testing

Group A (n = 174)

Ml e Normal karyotype Genetic disorder

Stimulants *

no 163 (99.39%) 55 (83.33%)

yes 1(0.61%) 11 (16.67%)
Occupational work **

no 55 (30.61%) 17 (30.36%)

yes 119 (68.39%) 39 (69.64%)
Commuting **

no 71 (40.81%) 22 (39.29%)

yes 103 (59.19%) 34 (60.71%)
Sick leave [weeks] *** 19 (11.75-27.25) 70 (3.25-12)

Physical activity *

no 125 (71.84%) 43 (76.79%)

yes — sporadic 31 (17.82%) 9 (16.07%)
yes — 2-5 times a week 8 (4.60%) 2 (3.57%)
yes — every day 10 (5.75%) 2 (3.57%)

Distance from work [km] 10.0 (6.0-22.0)

Group B (n = 56)

12.5(8.5-23.0)

ing types of physical activity were reported:
swimming, walking, mountain hiking, jog-
ging, prenatal exercise classes, gymnastics,
and dancing classes. The presence of select-
ed lifestyle factors is summarized in Table 2.

Correlation analysis showed clinically
interesting associations. Abdominal pain/
uterine contractions were significantly
more frequent as concomitant with gen-
eralized pain, fever, vaginal bleeding, and
0.861 physical activity in the course of pregnan-
cy. The presence of dizziness correlated
with generalized pain in women who were
working and commuting. Fetal death was
positively correlated with genetic disorders.
Additionally, working occupationally when
pregnant correlated positively with practic-
0943 ing sports.

The condition of the newborn as mea-
sured with Apgar score was significantly
positively correlated with the duration

p-value

<0.001

0.84

<0.001

04239

Results presented as numbers (%) or median (interquartile range). Bold denotes statistical

significance. * Fisher exact test; ** x? test; *** Mann-Whitney U test.

of pregnancy (the longer pregnancy,
the better the condition of the newborn)
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Sick leave

Physical
activity

Commuting

Occupational
work

Stimulants

Genetic
disorder

Fetal death

Vaginal
bleeding

Amniotic fluid
leakage

Dizziness/
syncope

Generalized
pain

Abdominal
pain/uterine
contractions

Parity

Apgar
at 1 min

Gestational
age atam-
niocentesis

Table 3. Correlations between study parameters described by Spearman’s correlation rank coefficients

-0.23

0.01
0.08
-0.01

0.11
0.04
0.02

0.15
-0.05

0.01
0.06
0.04

-0.05
-0.71
-0.01

-0.04
-0.33

-0.09
-0.02

-0.09
-0.11

-0.03
-0.02
-0.09

-0.15
-0.15
-0.05

-0.10
—0.06
-0.04

-0.10
—0.02
-0.02

0.08

0.09

0.00

Gestational age at amniocentesis

0.37
0.00

0.00
0.08

Apgar at 1 min

0.

0.02 0.02

-0.09

0.09

Parity

0.07

0.15

0.05

-0.02

—-0.05

-0.04

0.05

0.18

0.07

0.17

0.14

0.58

-0.02

-0.02

-0.10

Abdominal pain/uterine

contractions

0.09
0.05
0.15
0.05
-0.07
-0.09
-0.05
0.07
0.22
0.22

—0.01 -0.02

—-0.05
-0.03
0.05
-0.03
-0.03
—-0.05
-0.09

—-0.06
0.12

-0.01
0.12
0.02
0.21

0.01
0.1
-0.05
-0.03
-0.03

0.16
-0.02
-0.02
-0.02

0.02
0.39
0.12

0.22
-0.03

0.02

0.58
0.14
0.17
0.07
0.18
0.05
—0.04
—-0.05
-0.02
0.05
0.15
0.07

—-0.04
—0.05
-0.09
-0.09

—0.06
-0.15
-0.02

0.10
-0.15
-0.03
-0.09
-0.09
—0.04
-0.05

0.01
0.15
0N

Generalized pain

-0.13
-0.06
—-0.03

0.11
0.18

0.10
-0.10
0.10
-0.08
0.04
0.71

0.10

0.14

0.10
—0.09

0.02
0.22
0.02
0.16
0.01
-0.06
—0.05
—-0.01
-0.02
0.09
0.10

Fever

-0.03

Dizziness/syncope

0.12
-0.02
—-0.05
—-0.01

0.05

0.14

0.18

0.15
-0.06

0.39
—0.02

-0.11

-0.02
-0.33
-0.71

Amniotic fluid leakage

0.02
—0.01
-0.52

-0.02
-0.03
0.12
—-0.03
0.10
0.10
0.05
-0.03

0.02
0.02
-0.01

Vaginal bleeding

0.11

0.
—0.01

-0.03

0.11

Fetal death

01

0.21
—-0.05

0.02
-0.03
-0.09

0.12
-0.03

Genetic disorder

0.07
-0.45
-0.23

-0.09
0.01
-0.08
—0.05
-0.52

0.04

0.01

0.02
—-0.01

0.06
—-0.05

Stimulants

—-0.01
0.04
0.07
0.07

0.11

0.10
0N

Occupational work

0.71
0.22
-0.45

0.10
-0.09
—0.01

0.04
0.08
0.37

Commuting

0.22
-0.23

-0.07

0.05
-0.13

0.01
-0.23

Physical activity

-0.13

0.02

0.00

Sick leave

Bold denotes statistical significance.

and being on sick leave (newborns of moth-
ers who were on sick leave had higher Apgar
scores). Table 3 shows correlations between
the parameters studied.

Discussion

Taking into account lifestyle factors, our
study showed that women who received
an amniocentesis result indicating genetic
disorder used stimulants more often and had
a lower number of sick leave weeks in com-
parison to women in whom amniocentesis
yielded normal results. Of the amniocente-
sis complications, only fetal death occurred
significantly more often in the group with
genetic disorders than in the groups with
normal karyotype. Occupational work dur-
ing pregnancy and commuting to work sig-
nificantly correlated with the occurrence
of dizziness and physical activity. Health-
promoting physical activity was associated
with more frequent abdominal pain and
contractions as well as dizziness and syn-
cope. Being on sick leave correlated with
better newborn status as measured with
Apgar score.

The health benefits of physical activity
have been well documented. According
to the American College of Obstetricians
and Gynecologists (ACOGQ), physical activ-
ity during pregnancy has minimal risks for
the fetus and the mother. The ACOG also
recommends moderate-intensity exercise
for at least 20—30 min per day on most
or all days of the week, noting however that
further research is needed to study the ef-
fects of exercise on pregnancy-specific
outcomes.!®> Many women attend prenatal
exercise classes, but there are no criteria
that would help qualify women for such
physical activity. Most of them decided
to participate on their own, while some
discuss the possibility of practicing sports
with their physician, who can advise based
on his/her experience and individual assess-
ment of health status. Women also report
barriers that reduce their physical activity
during pregnancy such as health problems
(80%) and the feeling of being tired (46%).
Another barrier is lack of time (34%), which
affects pregnant women who already have
children to a greater degree (47%) then
primiparae (14%).1° Pre-pregnancy habits
are transferred to the period of pregnancy.
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Women who had been physically inactive before becom-
ing pregnant notice more barriers in accessing physical
activity and fewer benefits than those who had previously
practiced sports.’”

Only a few papers address practicing sports during
uncomplicated pregnancy in low-risk pregnant women.
Those studies are usually conducted on small groups of pa-
tients and have a high rate of withdrawal. A wide variety
of forms of physical activity, as well as diversified duration
and intensity of physical effort, is another source of het-
erogeneity. Nevertheless, the meta-analysis conducted
by Perales et al. did not identify any study which reported
a negative effect of health-promoting physical activity
on the health of the mother and the fetus in the low-risk
group. The greatest benefits were obtained from the com-
bination of aerobic and endurance exercises compared
to only 1 type of exercise. The greatest benefit of the ex-
ercises was the improvement of cardiorespiratory fitness,
which worsens as pregnancy advances.!

In the literature, few reports on the impact of physical
activity on the risk of eclampsia in pregnant women have
been published. Spracklen et al. compared the following
groups of patients: 258 pregnant women with preeclampsia,
221 pregnant women with hypertension and 174 healthy
pregnant women (control group). The results of this study
showed the positive impact of the health-promoting physi-
cal activity on blood pressure. A significant drop in the risk
of preeclampsia and hypertension was observed for every
10-minute increase per week; however, this risk increased
significantly when women performed heavy household
chores for longer than 180 min per week.! Sauder et al.
found that physical activity was the only modifiable risk
factor which can reduce the risk of glycemic disorders.?
A meta-analysis of pooled data from 10 studies includ-
ing 3,401 participants revealed a slight protective effect
against the development of gestational diabetes mellitus.?!
The study by Szegda et al. conducted among Latina women
aimed to reveal an association between physical activ-
ity and the development of depression. The authors did
not observe any significant associations between health-
promoting physical activity and the presence of depressive
symptoms, although they assumed that physical activity
might have a potential protective mechanism against de-
pressive symptoms.??

The best of our knowledge, no studies on the effect
of physical activity on well-being were previously per-
formed among pregnant women undergoing amniocen-
tesis. In our study, only 26% of women referred for am-
niocentesis practiced sport or participated in exercise
classes such as swimming, walking, mountain hiking,
jogging, prenatal exercise classes, gymnastics, and danc-
ing classes. Moreover, only 12 of the active women (6%)
were practicing every day. Taking into account compli-
cations following amniocentesis, a significant correla-
tion was found between physical activity and the occur-
rence of pain; therefore, a recommendation to patients
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undergoing amniocentesis to abandon physical activity
for at least the period of increased risk of complications
should be considered. On the other hand, a significant
positive correlation between the intensity of physical ef-
fort and gestational weeks at birth suggests that physical
activity may reduce the effect of other risk factors of pre-
mature delivery. Interestingly, the significant correlation
between physical activity and occupational work indicates
that physically active women are more active in general
because a higher level of physical activity was not asso-
ciated with less family burden; the correlation between
physical activity and parity was insignificant. This topic
is interesting and worth future research.

Occupational work may be associated with heavy physi-
cal effort or the need to maintain an unnatural position for
alonger period of time. Spracklen et al. confirmed the im-
pact of occupational work on preeclampsia risk. They
found that this risk decreased only in women who worked
in a standing position. A 1-hour increase in the time spent
on feet decreased the risk of preeclampsia; however, an in-
crease in standing in one place at work increased the risk
of hypertension. Women who spend more than 40 h per
week at work were at greater risk than those who worked
less than 36 h per week."

In the present study on women subjected to amniocente-
sis, 115 women (69%) worked during pregnancy and most
of them commuted to work. Both occupational work and
the need to commute were significantly correlated with
dizziness following amniocentesis. Correlations were
also examined for women on sick leave and revealed that
a greater number of sick leave weeks was significantly cor-
related with older gestational age and better health condi-
tion of the newborn as measured with Apgar score. These
relationships may indicate that women on sick leave had
more time to rest and use healthcare resources.

Stimulants have a well-documented negative impact
on the course of pregnancy. Cigarette smoke is particu-
larly harmful and contributes to the development of such
pathologies as a low birth weight of the fetus, intrauterine
growth restriction, preterm delivery, oligohydramnios,
disorders of placental circulation, abnormal placental loca-
tion, premature detachment of the placenta, and premature
rupture of the amniotic membranes.?>?* Despite this, ap-
prox. 25% of Polish women smoke, and half of them con-
tinue to smoke during pregnancy.?” Smoking may increase
the risk of consequences after amniocentesis because
it is an invasive procedure which is associated with punc-
ture of maternal abdominal tissues and fetal membranes
as well as in some cases even the placenta. The negative
impact of smoking on wound healing after surgery has
been thoroughly examined. Smoking alters tissue micro-
environment. It changes inflammatory and regenerative
response on a cellular level, leading to a delay in wound
healing and increase in complication rate.?*?° The most
common addiction reported by women in the study group
was smoking. However, the percentage of smokers was
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very low compared to the average in the Polish population
and amounted to 2%. Four smokers disclosed their habit
and reported smoking 3-10 cigarettes a day. There was
no association between smoking and any of the complica-
tions following amniocentesis. This may be due to the low
number of smokers in the study group. On the other hand,
alow percentage of smokers confirms high awareness and
high compliance with medical recommendations.

In the framework of the current study, apart from answer-
ing closed-ended questions about their pregnancy, the am-
niocentesis procedure and further course of the pregnancy
from the procedure to the delivery, patients could add per-
sonal comments and suggestions, and describe subjective
feelings associated with amniocentesis. After the analysis
of those comments, we conclude that most of the women
experienced high-intensity anxiety before the procedure due
to the uncertainty of the test result, worries about the fur-
ther course of pregnancy and the lack of knowledge about
amniocentesis itself. The women highlighted that good in-
terpersonal contact with the staff performing the procedure,
calm and honest conversation before amniocentesis, and dis-
cussing the procedure and possible complications in a com-
prehensible way play a key role in eliminating the described
anxiety. In the opinion of patients, such conduct of the am-
niocentesis significantly alleviated the psychological tension
and anxiety that appeared at qualification for amniocentesis
and the decision to undergo the procedure. Reports from
the literature are in line with our findings. They confirm
that pregnant women experience anxiety both before am-
niocentesis and after receiving a positive result.>°

Conclusions

Physical activity performed by pregnant women after
amniocentesis increases the risk of post-procedural com-
plications such as abdominal pain and uterine contractions
as well as dizziness and syncope. To increase the safety
of amniocentesis, it seems reasonable to limit the physi-
cal activity of the woman within 2 weeks directly after
the procedure. The impact of lifestyle factors on the fre-
quency of complications turned out to be an interesting
aspect of the safety analysis of invasive procedures; there-
fore, it is worth studying this topic in the future, especially
in the scope of prenatal testing.
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Abstract

Background. Klotho, originally identified as an anti-aging factor, is a transmembrane protein expressed
in the kidney. It has been reported that Klotho deficiency could be associated with a loss of residual renal
function and cardiovascular complications in peritoneal dialysis (PD) patients.

Objectives. The main aim of the study was to evaluate whether serum levels of Klotho correlate with residual
diuresis and hydration status in PD patients.

Material and methods. The cross-sectional study involved 57 PD patients >18 years of age who had been
on PD > 3 months. Serum Klotho was measured using high-sensitivity enzyme-linked immunosorbent assay
(ELISA). Hydration status was assessed with bioimpedance analysis (BIA).

Results. Serum levels of soluble Klotho ranged from 100 pg/mL to 700 pg/mL. The patients were divided
into 2 subgroups, with Klotho levels below and above the median (260 pg/mL). The data revealed a ten-
dency for lower residual diuresis (1.3 £1.0 L vs 1.8 +0.8 L; p=0.055) in patients with lower levels of Klotho
in serum. Serum Klotho correlated negatively with overhydration according to BIA (r = —0.27, p = 0.044)
and positively with residual diuresis (r= 0.26; p = 0.045).

Conclusions. Soluble Klotho correlates inversely with hydration status in BIA. Residual urine output, but not
dialysis parameters, could be associated with the levels of serum soluble Klotho in PD patients.

Key words: peritoneal dialysis, Klotho, overhydration
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Klotho was first identified in mice as an anti-aging factor.!
Full-length alpha-Klotho is a single-pass transmembrane
protein that exists in 2 forms, membrane and secreted
Klotho, which have different functions.? The membrane
form acts as a co-receptor for fibroblast growth factor-23
(FGEF-23) and plays an important role in calcium-phosphate
metabolism.>? Soluble Klotho (called a-Klotho, with molec-
ular mass 130-kDa) seems to function as a humoral factor
with various biological effects, and it works independently
of FGF-23 signaling.* Among the pleiotropic actions that
soluble Klotho is responsible for are tissue protection from
oxidative stress, fibrosis and apoptotic stimuli; regulation
of blood phosphate and vitamin D3 levels; and the activity
of multiple cell surface calcium and potassium ion chan-
nels.23> There are data suggesting that secreted Klotho
exerts phosphaturic effects independently of FGF-23.3 Sol-
uble Klotho has also been associated with protective effects
against vascular calcification.® Furthermore, soluble Klotho
could be a potential biomarker for predicting adverse renal
outcomes in patients with advanced chronic kidney disease
(CKD).”- However, the exact diagnostic and therapeutic
role of Klotho in humans is not fully known yet.?

Klotho is expressed in several organs, including the para-
thyroid glands, the choroid plexus of the brain and, pre-
dominantly, in the distal tubular epithelial cells of the kid-
ney.' The kidney is the major source of Klotho in humans,
and this organ is involved in Klotho homeostasis, respon-
sible for producing and releasing Klotho into the circula-
tion.!! Patients with CKD display decreased Klotho gene
expression in several tissues, including the kidney. This
results in reduced levels of circulating Klotho. Serum sol-
uble Klotho is decreased in all stages of CKD, especially
in dialysis patients.®!! It is likely that serum soluble Klotho
protein concentration is related to residual renal func-
tion.® However, the relationship between the soluble form
of Klotho and residual renal function in chronic peritoneal
dialysis (PD) patients remains poorly understood.”?

The aim of this study was to assess whether serum sol-
uble Klotho levels could be associated with residual renal
function and hydration status in PD patients. To the best
of our knowledge, this is the first study evaluating the rela-
tionship between serum Klotho and hydration status as as-
sessed with bioimpedance analysis (BIA) in patients on PD.

Material and methods
Patients

This investigator-initiated cross-sectional study involved
57 Caucasian patients undergoing PD in 3 regional dialy-
sis centers. The inclusion criteria were: age 218 years, time
on PD > 3 months, and informed consent. The exclusion cri-
teria were: any acute inflammatory disease within 12 weeks
prior to enrolment, amputated limbs and cardiac pacemak-
ers or implantable cardioverter defibrillators. The study was

D. Sikorska, et al. Klotho and overhydration in PD

approved by the Poznan University of Medical Sciences Bio-
ethics Committee (No. 424/13) and informed consent was
obtained from all the participants included in the study.

Volume status

A peritoneal equilibration test (PET) using a 4-hour
dwell of 2.27%-glucose dialysate was used to assess peri-
toneal membrane transport.'?

Hydration status was assessed with bioimpedance spec-
troscopy using the Body Composition Monitor (BCM)
(Fresenius Medical Care GmbH, St. Wendel, Germany).!3
The measurements were performed in the supine position
under standardized conditions. Values below -1.1 L and
above +1.1 L corresponded to hypovolemia and hyper-
volemia, respectively.!® Clinical assessments of hydration
status were based on blood pressure measurements and
on the symptoms of overhydration: the presence of dys-
pnea, peripheral edema and jugular vein distension.

Laboratory tests

Samples of serum were collected at the time of the clini-
cal examinations in a fasting state. Serum was aliquoted
and stored at —80°C until assayed in batches. Serum Klotho
was measured using the Human Soluble a-Klotho Assay
Kit (Immuno-Biological Laboratories Co. Ltd., Fujioka,
Japan) with a sensitivity of 6.15 pg/mL. The immunoassays
were performed according to the manufacturer’s instruc-
tions. All other laboratory tests were performed in the hos-
pital central laboratory using routine methods.

Statistical methods

Statistical analyses were performed using STATIS-
TICA v. 10.0 software (StatSoft Polska, Krakéw, Poland).
The normality of the data distribution was checked with
the Shapiro—Wilk test. The data is presented as medians
and interquartile ranges or percentages, as appropriate.
Differences between unpaired data were analyzed with
the Mann—Whitney U test. Categorical data was analyzed
with the x? test. Correlations between variables were ana-
lyzed with Spearman’s rank correlation coefficient. Differ-
ences were considered significant at p < 0.05.

Results

The study analyzed 57 consecutive PD patients. Serum
levels of soluble Klotho ranged from 100 to 700 pg/mL.
The patients were divided into 2 subgroups: those with
Klotho levels below the median (260 pg/mL) and those with
levels above the median. We decided on such subdivision
of patients because there are no clear ranges of reference
values for Klotho.* The patients’ characteristics in relation
to their serum Klotho levels are shown in Table 1.
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Clinical features of overhydration were observed in 19%
of the patients (11/57). However, BIA found excessive hy-
dration retention in as many as 44% of the patients (25/57).
In addition, there was a significant difference in the dis-
tribution of those patients between the Klotho subgroups
(Table 1). Surprisingly, there were no statistically signifi-
cant differences in Klotho levels between patients with
overhydration according to BIA and those without (250
(216-327) pg/mL vs 290 (223-399) pg/mL; p = 0.172).

The data revealed a tendency toward higher fluid over-
load in BIA in patients with lower levels of Klotho in serum
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(Table 1), although these were not statistically significant
differences. Also, patients with lower serum Klotho had
significantly lower hematocrit and hemoglobin levels.
These patients also tended to have lower residual diuresis.
However, there was no relationship between serum Klotho
levels and dialysis parameters (Table 1).

As expected, serum Klotho correlated negatively with
overhydration according to BIA (r = -0.27; p = 0.044)
(Fig. 1). Moreover, there was a positive correlation be-
tween Klotho and residual diuresis (r = 0.26; p = 0.045)
(Fig. 2).

Table 1. Patients’ characteristics in relation to serum Klotho levels. Data are presented as medians (interquartile ranges) or as percentages

Variables (n=28)

Lower levels of Klotho (<260 pg/mL)

Higher levels of Klotho (=260 pg/mL)
(n=29)

Mann-Whitney
or x? test

Men [%] 14.(50)
Age [years] 60 (42-70)
BMI [kg/m?] 24.4(21.0-30.3)
Diabetic nephropathy, n [%] 8 (29)

DM [%] 11(39)
Time on PD [months] 25 (15-38)
APD mode, n [%)] 10 (36)

Ultrafiltration [mL/day] 1,200 (500-2,200)
1,300 (500-2,200)
Residual diuresis <500 mL/day [%)] 7 (25)
2.3(21-3.5)
92.8 (754-120.2)
0.68 (0.58-0.72)

Transport status, n (% H/HA) 16 (57)

Residual diuresis [mL/day]

Solute removal [Kt/V]
Creatinine clearance [L/week]

4-h D/P creatinine in PET

Hematocrit [%) 33.1 (31.5-374)

Hemoglobin [g/dL] 11.1(10.5-12.4)
CRP [mg/L] 5.6 (2.6-84)
Albumin [g/dL] 3.8(3.5-4.1)
Total cholesterol [mg/dL] 184 (167-201)
Calcium [mmol/L] 9.1 (8.5-9.5)
Phosphorus [mmol/L] 53(3.9-6.2)
PTH [pg/mL] 278 (178-401)
FGF-23 [pg/mL] 8.9 (3.2-41.6)

OH inBIA[L] 2.0(0.6-3.0)
OH in BIA [%] 2.3(09-39)
Overhydration in BIA > 1.1 L [%)] 16 (57)
Pts with edema, n [%)] 7 (25)
SBP [mm Hg] 130 (120-150)
DBP [mm Hg] 80 (70-95)
Number of antihypertensives 3(2-4)

Demographic and PD-related parameters

Blood tests and biochemical parameters

Hydration status

14 (48) 0.896

55 (39-67) 0.375
26.0(23.9-29.1) 0.664
7 (24) 0.704
9(31) 0.514

33 (16-68) 0123

6 (21) 0.207
1,000 (900-1,500) 0.766
1,650 (1,100-2,400) 0.054
10) 0.019
28(2.3-33) 0421
994 (68.8-136.1) 0.799
0.63 (0.55-0.71) 0402
12 (41) 0.234

371 (33.4-38.5) 0.018
12.5(11.3-13.4) 0.016
27(1.3-82) 0123
4.0 (3.7-4.2) 0.107
198 (169-216) 0.263
9.0 (8.7-9.3) 0.936
5.1 (4.3-6.1) 0.707
340 (299-490) 0.080
18.3 (5.6-44.4) 0457
0.8 (0.2-1.6) 0.066
1.0(0.3-2.5) 0.056
931 0.047
4(14) 0.284

130 (120-145) 0.705
80 (70-90) 0497
4(2-4) 0.215

BMI - body mass index; DM — diabetes mellitus; PD — peritoneal dialysis; APD — automated peritoneal dialysis; H — high; HA — high-average; CRP — Creactive
protein; PTH — parathyroid hormone; FGF-23 - fibroblast growth factor 23; OH — overhydration; BIA - bioimpedance analysis; SBP — systolic blood pressure;

DBP — diastolic blood pressure.
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Fig. 1. Correlation between hydration status in bioimpedance analysis
(BIA) and serum Klotho
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Fig. 2. Correlation between residual diuresis and serum Klotho

Discussion

The most important observation in our study was that
serum soluble Klotho levels correlate inversely with hydra-
tion status in BIA. The results of the study suggest that
residual urine output, but not dialysis parameters, could be
associated with the levels of serum Klotho in PD patients.

Earlier studies indicated that serum soluble Klotho
levels are positively associated with renal function and
are significantly decreased in the later stages of CKD.1*15
At the same time, Klotho concentrations are probably
independent of PD parameters themselves.!® However,
the relationship between serum Klotho and residual re-
nal function is not so obvious in PD patients.”? A previous
study revealed that the total amount of urinary excreted
Klotho, but not the serum level of soluble Klotho, may
be a potential biomarker for assessing the residual renal
function among PD patients.’ In 2012, Golembiewska et al.
demonstrated that serum soluble Klotho concentrations

D. Sikorska, et al. Klotho and overhydration in PD

were negatively correlated with a 24-hour diuresis, but not
with residual renal function.”

There has been a strong focus on residual renal function
as a significant survival predictor for dialysis patients,'”#
but the precise mechanism by which residual diuresis
is linked to morbidity and mortality among dialysis patients
has yet to be determined.!® The presence of residual renal
function is associated with better preservation of the re-
nal endocrine and metabolic functions, and facilitates
the maintenance of good hydration status.?%2! It is likely
that residual urinary volume is the main predictor of over-
hydration in patients on PD.?? Moreover, our study dem-
onstrated a significant correlation between residual urine
output and hydration status (r = —0.36; p = 0.004).

It is possible that the relationship between residual di-
uresis and soluble Klotho in our study results from hydra-
tion status. However, to rule out the effect of dilution of se-
rum Klotho, albumin concentrations were also assessed,
and there was no relationship between Klotho levels and
albumin concentrations. At the same time, we did not
detect any correlation between overhydration in BIA and
blood pressure, which should be influenced by an increase
in plasma volume. This may suggest that overhydration
is related to interstitial fluid retention rather than hyper-
volemia.?® It is possible that overhydration per se affects
soluble Klotho levels.

The introduction of BIA has made it possible to assess
hydration status in PD patients more accurately.!® Recent
studies have revealed that BIA-evaluated overhydration
is common in dialysis patients, and is associated with loss
of residual renal function and inflammation.?*2* Increas-
ing evidence suggests that overhydration predicts all-cause
mortality.2® However, the relationship between overhy-
dration and Klotho is not yet known. To the best of our
knowledge, this is the first study evaluating the relation-
ship between serum Klotho and hydration status in BIA
in patients on PD.

Although this study provides new information on the re-
lationship between residual diuresis, hydration status and
soluble Klotho among PD subjects, the results should be
interpreted within the context of the study limitations.
The patient population was relatively small, which means
that the study may be statistically underpowered. An addi-
tional limitation is that we cannot provide data on urinary
and dialysate Klotho excretion. Further research is there-
fore needed.

Conclusions

Residual urine output, but not dialysis parameters, could
be associated with the levels of serum soluble Klotho in PD
patients. Soluble Klotho correlates inversely with hydration
status in BIA.
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Abstract

Background. Pharmacotherapy remains the fundamental method of treating heart failure (HF). Treatment
of the elderly is less based on the principles of evidence-based medicine (EBM) and doses do not reach
the prescribed value.

Objectives. The aim of the study was to identify any distinct treatment of HF in the elderly compared
to those under 65 years of age.

Material and methods. This study describes the Polish part of the EURObservational Research Pro-
gramme: The Heart Failure Pilot Survey (ESCG-HF Pilot). Eligibility to the program was limited to people with
HF in 26 centers in Poland. After the first phase, more data was collected at 3 and 12 months. It covered
atotal of 893 people.

Results. Treatment of HF is conducted largely in accordance with the applicable guidelines. The percentage
of people over 65 years of age who use angiotensin-converting-enzyme inhibitors/angiotensin-II receptor
blockers (ACE-I/ARB), B-blockers and mineralocorticoid-antagonists remains high. Also, during the 12-month
follow-up the frequency of the use of B-blockers did not decrease, and a decrease in the number subjects
treated with ACE-I was compensated by increasing percentage of the use of ARB. A major problem also
seems to be the appropriate treatment to prevent thromboembolic complications in the case of coexistence
of atrial fibrillation (AF). There is a large group of older people who do not receive proper anticoagulation.

Conclusions. The study showed the existence of differences in the treatment of HF in the elderly. It partly
does not proceed in accordance with the quidelines, especially in the presence of multiple comorbidities.

Key words: pharmacotherapy, elderly, heart failure treatment
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Introduction

Despite significant progress, the length and quality of life
of patients with heart failure (HF) remains insufficient.
Heart failure is a major cause of hospitalization and dis-
ability in the elderly.!"* In these patients, the prognosis
deteriorates due to the coexistence of many other diseases.
Making a proper diagnosis of HF based on the definition
contained in the ESC guidelines may be problematic. Com-
mon symptoms such as shortness of breath, decreased
exercise tolerance and peripheral edema may result from
avariety of diseases.?~% In clinical trials on HF treatment,
older people, i.e., above 65 years, are underrepresented.”~1°
Only a few of clinical trials have been dedicated to the el-
derly.!! In previous studies, we found that treatment
of the elderly is less based on the principles of EBM, and
drug doses do not reach the prescribed value.!2-!* Older
people are more exposed to side effects and more at risk
of possible interactions. This is related to changes in drug
metabolism, impairment of kidney and liver function, and
increased polypragmasy.!” Age is also an unfavorable prog-
nostic factor in HE.!® According to the current standards,
HF pharmacotherapy is based on ACE inhibitors/AT1 re-
ceptor-blockers, selected beta-blockers, mineralocorticoid
receptor blockers, and ivabradine. It has been shown that
these drug groups have a positive effect on prolonging sur-
vival. In addition, symptomatic and quality-of-life medi-
cines are used, such as diuretics, digoxin and nitrates.?

Methods

This study describes the Polish part of the trial
— EURObservational Research Programme: The Heart
Failure Pilot Survey (ESC-HF Pilot). Its methodology
has been described in previous publications.'” The study
involved 136 cardiac centers in 12 European countries.
In Poland, the study was conducted in 26 centers. Patients
were enrolled between October 2009 and May 2010 and
divided into 2 groups. The first group comprised patients
who had previously been diagnosed with chronic HF and
qualified during the next visit to the cardiology outpatient
clinic. The second group consisted of patients admitted
to hospital with acute HF, requiring administration of in-
travenous therapy with positive inotropic drugs, vasodila-
tors and diuretics. There were no specific exclusion criteria
of the study, except for age. All qualified patients had to be
at least 18 years old. All participants expressed voluntary
consent in accordance with the Declaration of Helsinki
(1975) and the consent of the Commission of Bioeth-
ics, Medical University of Lodz (RNN/214/09/EC) was
obtained. After the first phase, more data on the treat-
ment and the fate of the participants was collected after
12 months.

The aim of this work was to analyze the treatment of HF
and the use of additional treatment in the group of people
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65 years of age and older in comparison with the rest
of the population. We tried to find possible differences
in the treatment of both groups.

Statistical methods

The data was verified for normality of distribution and
equality of variances. The normality of the distribution
was checked using the Shapiro-Wilk test. Comparison
of gender, smoking status, place of treatment, HF etiol-
ogy, presence of kidney disease, and other comorbidities,
as well as population structure analysis was performed
by using x? test. The Student’s t-test was used to compare
the average age of participants. The statistical analysis
was performed using STATISTICA v. 10 (StatSoft, Tulsa,
USA). The results of the quantitative variables are pre-
sented as a mean + standard deviation (SD). Other results
are presented as a percentage. The limit of statistical sig-
nificance was set at p < 0.05.

Results

The study included a total of 893 people, including 650
(73%) hospitalized patients and 243 (27%) outpatients.
The average age was 66.1 years (+13.2 years). The basic
information is summarized in Table 1. Women accounted
for a total of 34% and men of 66% of all patients studied.
Among outpatients, women accounted for 28%, men 72%.
In the case of hospital patients, these proportions were 36%
and 65%, respectively. Older people were characterized
by a more severe HF assessed with the New York Heart
Association Functional Classification (NYHA). Similarly,
in the elderly, diabetes and atrial fibrillation (AF) were
more common. Among patients with permanent AF, this
was particularly evident in NYHA class II, where 19.15%
of younger and 34.23% of the older patients were treated
for this reason. There were no statistically significant dif-
ferences in drug doses between patients with AF and sinus
rhythm in individual age groups (Table 4).

Pharmacological treatment of patients at the time of in-
clusion in the study showed a statistically significant dif-
ference in the frequency of use of different groups of drugs.
The study looked at the treatment that took place before
the patient was enrolled into the study, during the initial
observation and after 12 months.

In the case of ACE-], any preparation from this group
of drugs was taken by 69% younger patients and only 58%
of people aged 65 (p < 0.001). Also, during the initial ob-
servation, this difference remained (82% vs 73%, p < 0.005).
After 12 months of follow-up, 80% of younger patients
and 68% of older patients were still taking ACE-I. The fre-
quency of ARB adoption did not differ significantly, both
before inclusion and during the study: it was 8% compared
to 12% (p = 0.760) before inclusion and 11% compared
to 12% (p = 0.561) at baseline for younger vs older patients.
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Table 1. Basic characteristic of the studied population. It includes

the percentage of women, etiologies of heart failure and the NYHA class,
the place of treatment, the presence and basic treatment of diabetes and
the presence and type of atrial fibrillation

<65 years =65 years
Parameters =386 =507 ‘
Women 77 (20%) 223 (44%) <0.001
CHF etiology:
ischemic 182 (47%) 324 (64%) <0.001
non-ischemic 204 (53%) 183 (36%) <0.001
NYHA class:
| 26 (7%) 14 (3%) <0.001
Il 156 (41%) 135 (27%) <0.001
Il 129 (34%) 260 (51%) <0.001
% 72 (19%) 97 (19%) ns
Place of treatment:
hospital 250 (65%) 400 (79%) <0.001
outpatients 136 (35%) 107 (21%) <0.001
ClenlS e =y 42 (11%) 130 (26%) <0001
disease
Smoking status: n=380 n =487
never 106 (28%) 248 (51%) <0.001
current 76 (20%) 30 (6%) <0.001
former 198 (52%) 209 (43%) <0.001
Diabetes
total 103 (27%) 195 (38%) 0.004
oral and diet 57 (15%) 107 (21%) 0.003
insulin 38 (10%) 79 (16%) 0.004
newly diagnosed 8 (2%) 9 (2%) ns
Atrial fibrillation n=383 n =507
total 120 (31%) 241 (48%) <0.001
paroxysmal 25 (7%) 75 (15%) 0.004
persistent 20 (5%) 29 (6%) ns
permanent 75 (20%) 137 (27%) 0.005
Permanent atrial fibrillation vs sinus rhythm amount NYHA class n (%)
| 0 (0%)/ 2 (20%)/ e
23 (100%) 8 (80%)
I 27 (19.15%)/ 38 (34.23%)/ 0,006
114 (80.85%) 73 (65.77%) ’
i 31 (30.10%)/ 67 (32.84%)/ ns
72 (69.90%) 137 (67.16%)
v 17 (25%)/ 30 (38.96%)/ ns
51 (75%) 47 (61.04%)

After 12 months 16% of younger patients vs 21% of older
ones (p = 0.043) continued to receive these drugs. Consid-
ering the frequency of using both classes of drugs together
(ACE-I or ARB), before enrollment in the study, it was only
77% in the younger group and 69% in patients aged 65 years
and older (p < 0.001). At baseline observation, it increased
to 93% and 86%, respectively (p = 0.006). After 12 months,
it was 96% and 89% (p = 0.006), respectively.

Another basic class of drugs for the treatment of HF was
[-blockers. Before inclusion, frequency of f-blocker thera-
py was 77% in the group of younger and 69% in the group
of older patients and they statistically differed signifi-
cantly (p = 0.007). At baseline observation, the percent-
age of B-blocker therapy was 92% in younger patients
and 89% in older ones, respectively, in both age groups.
It did not differ statistically significantly (p = 0.083). After
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Fig. 1. The total use an aldosterone antagonist during the observation
in different age groups

12 months, 93% of younger patients applied B-blockers vs
88% of the elderly. The difference again was statistically
significant (p < 0.005).

In each step of the trial, we observed statistically sig-
nificant more frequent use of aldosterone-antagonists
in the younger group (Fig. 1).

In the case of diuretics, the frequency of their use did
not differ significantly. It amounted, prior to enroll-
ment, to 62% for younger patients and 63% for the elderly
(p = 0.745). During initial observations, this frequency was
respectively 83% vs 85% (p = 0.466). After 12 months, it was
74% vs 80% (p = 0.241). A relatively significant percentage
of patients in both groups received a second diuretic, not
an aldosterone-antagonist. Among those under 65 years
of age, it was 10% compared to 5% for the group of patients
65 years and over (p < 0.005) prior to enrollment. In the ini-
tial observation, it increased to 25% vs 20% (p = 0.093).

Before inclusion, the percentage of patients treated with
digoxin was 23% for younger ones and 16% for older ones
(p = 0.026). During the initial follow-up, it was 33% and
24%, respectively. After 12 months, the proportion of pa-
tients treated with digoxin decreased to 27% in the younger
patients and to 21% in the older group (p = 0.062).

Statins, which do not directly affect the course of HF
treatment, are often used in the treatment of patients with
HEF. Before inclusion, the frequency of use of statins was
the same, regardless of the age group — 54% for younger
patients vs 53% for older ones (p = 0.806). During the initial
observation, it increased to 65% vs 69% (p = 0.160), respec-
tively. After 12 months, it remained high and amounted
to 62% vs 62% (p = 0.896), respectively. On the other hand,
the frequency of use of nitrates remained low. However,
it was statistically significantly higher in the elderly 9%
vs 21% (p < 0.001) prior to enrollment. During the ini-
tial follow-up, it was 13% for younger vs 27% for older
patients (p < 0.001). After 12 months, in any age group,
there was no longer anyone receiving nitrates. The per-
centage of people taking calcium channel blockers was
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Table 2. The most commonly used drugs with basic groups in the treatment of heart failure. The division depending on the group of drugs, including
ACE-|, ARB, beta-blockers, and aldosterone antagonists. Changes in the frequency of use of individual drugs during therapy

Prior to enrollment

Initial observation After 12 months

<65 years [%]

>65 years [%]

<65 years [%] >65 years [%]

Medication
<65 years [%] >65 years [%]
chinapril 3 3
enalapril 7 10
perindopril 15 22
ACE ramipril 60 51
trandolapril 3
lisinopril 3 4
cilazapril 7 5
captopril 2 3
losartan 50 68
candesartan 28 7
ARS valsartan 9 17
eprosartan 0 2
telmisartan 9 7
other 3 0
carvedilol 55 41
metoprolol CR 19 20
Beta-blockers bisoprolol 19 31
nebivolol 2 2
other 5 6
Aldosterone spironolacton 80 89
antagonists eplerenon 20 n

3 2 1 2
3 4 2 8
14 15 14 13
68 65 71 65
2 1 2 1

3 2 5 4
6 6 5 6
1 5 0 0
51 56 41 44
23 5 29 10
21 32 2% 40
0 2 0 0
5 5 5 6
0 0 0 0
58 47 57 48
19 19 16 12
18 28 2 30
2 3 2 6
3 3 3 4
76 84 68 85
24 16 32 15

similar to the percentage of patients taking nitrates.
It was higher in older people throughout the observation
period. Before enrollment, 9% of younger patients were
treated, compared to 15% in the older group (p = 0.021),
and during the initial observation it increased up to 12%
vs 18% (p = 0.011), respectively. Before enrollment into the
study, half of the respondents took antiplatelet drugs. This
percentage was 52% in the younger and 56% in the older
group (p = 0.231). In the initial observation, it reached
61% vs 70% (p = 0.006), respectively. They are used more
often by people over 65 years of age. After 12 months,
it amounted to 60% vs 65% and did not differ signifi-
cantly (p = 0.197). A similar percentage of people took
oral anticoagulants prior to the study, i.e., 32% and 30%
(p = 0.474), (younger vs older). In the initial follow-up,
it was up to 43% vs 50% (p = 0.530), and after 12 months
only 32% vs 34% (p = 0.622). A small percentage of patients
with HF received antiarrhythmic drugs, mostly amioda-
rone. Also, a negligible percentage of patients received
antidepressants. It was in fact 5% of younger patients vs
3% of older ones of patients (p = 0.061) prior to enroll-
ment. In the initial observation, the percentage of people
taking antidepressants was 8% of younger patients vs
4% of older ones (p = 0.008), being significantly higher
in the younger group. A small percentage of patients re-
ceived non-steroidal anti-inflammatory drugs. Before en-
rollment into the study, it amounted to 5% in the younger

and 7% in the older group (p = 0.163). In the initial ob-
servation, it did not change significantly and amounted
to 2% vs 4% (p = 0.181), respectively. Taking into account
the most important group of drugs involved in the HF
treatment, Table 2 shows the most commonly used formu-
lations of these groups of drugs. Table 3 presents the dose
of the most commonly administered drugs that have been
obtained in the register. The most commonly used ACE-
I was ramipril and perindopril. Among ARBs, the most
common was losartan, with a large proportion of valsartan
and candesartan. Among 3-blockers, the most commonly
used preparation in each age group was carvedilol. Spi-
ronolactone is still a more frequently used preparation
compared with the newer eplerenone.

The registry does not contain ivabradine and combina-
tions of ARB and neprilysin inhibitor because at the time
of data collection these drugs were not yet recommended
for treatment of HF; they appeared only in the standards
of ESC (2012 and 2016 version).>!8

Discussion

The elderly require a specific approach in the treatment
of HF. Despite the fact that in recent years social aware-
ness about aging and older people in Europe has increased,
in the case of treatment of HF, this is not fully reflected
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Table 3. The average doses of individual preparations [mg] depending on the age of patients and changes in doses during therapy

Prior to enrollment

Initial observation

After 12 months

Medication
<65 years 265 years

enalapril 13(n=19) 16 (n=27)

perindopril 7 (n=27) 6(n=54)

ramipril 7 (n=103) 7 (n=102)
ACE-I

trandolapril 2(n=05) 2(n=2)

lisinopril 14 (n=28) 13(n=13)

captopril 38(n=2) 25(n=2)

losartan 49 (n=15) 51 (n=40)

candesartan 12(n=9) 10(h=4)
ARB

valsartan 107 (n=3) 128 (n = 10)

telmisartan 53(n=3) 60 (n=4)

carvedilol 40 (n=84) 35(h =34

metoprolol CR 75 (n = 56) 58 (n=70)
Beta-blockers

bisoprolol 6 (n =40) 6(h=61)

nebivolol 6(Nn=06) 5(n=3)
Aldosterone spironolacton 37 (n=164) 35 (n=158)
antagonists eplerenon 36 (n = 39) 33 (n =20)

<65 years >65 years <65 years 265 years
18(n=11) 19 (n=16) 22 (n=5) 16 (n=18)
7 (n=33) 6 (N =46) 8(n=24) 7 (n=27)
8 (n=133) 8(n=161) 8 (n=106) 8 (n=110)
2(h=05) 2(h=2) 2(n=4) 2(n=2)
16(n=7) 15(n=7) 17(h=9 16 (n=8)
50(n=1) 63 (n=8) - -
514 (h=22) 51 (h=35) 53(n=18) 53(n=28)
12.6 (n=10) 11 (h=3) 10MNh=12) 10(nh=05)
106.7 (n=9) 126 (n = 20) 108 (n =10) 101 (n=25)
300(n=2) 53(n=3) 60 (n=2) 50 (n=4)
38 (n=110) 32 (n=55) 39 (n=285) 32 (n=58)
70 (n = 66) 62 (n=82) 88 (n=41) 68 (n=34)
6 (n=45) 6 (N=68) 7 (n=43) 7 (n=>57)
6(nh=05) 5(n=7) 7(n=3) 5h=11)
47 (n =210) 43 (n=250) 39 (n =129 35(n=147)
36 (n = 66) 31 (n = 46) 34 (n=59) 29 (n=27)

Table 4. The average doses of individual preparations [mg] depending on the age and atrial fibrillation status. There were no statistically significant
differences in drug doses between patients with atrial fibrillation and sinus rhythm in individual age groups

<65 years 265 years
Medication
atrial fibrillation (permanent) sinus rhythm atrial fibrillation (permanent) sinus rhythm

perindopril 49 6.0 56 55
aCE-l

ramipril 4.8 5.7 53 55

losartan 375 46.2 56.3 50.0
ARB candesartan 16.5 11.0 8.0 12.0

valsartan 120.0 - 112 133.3

carvedilol 27.5 26.0 20.1 17.8
Beta-blockers metoprolol CR 70.0 729 60.0 559

bisoprolol 4.8 53 4.0 50

in the guidelines and recommendations on HF. In the Eu- Treatment

ropean Society of Cardiology (ESC) recommendations
in 2008,! only 1 paragraph is devoted to the treatment
of HF in patients 65 years and older. Moreover, in the next
update, from 2012 and 2016, it is not mentioned at all.>!$
The elderly are characterized by the frequent coexistence
of various diseases. This was confirmed in our registry.
Chronic kidney disease and diabetes occurred significantly
more often. Also, in significantly more frequent cases,
AF and HF were more advanced. This data is consistent
with that obtained by Komajda et al.!’ In this observation,
patients older than 80 years were characterized by much
more advanced changes and a higher incidence of co-
morbidities. Etiology of HF was consistent with previous
observations. According to the POLCARD-HF registry
conducted in Poland in 2003-2007, patients with HF and
ischemic background were significantly older than those
with non-ischemic cause of HF.?

One of the basic groups of drugs with proven efficacy
used in the treatment of HF are ACE-I. The percentage
of people treated with these preparations was high and
statistically significantly different depending on the age
group. At every stage of the follow-up, the percentage
of people treated with ACE-I was higher in younger pa-
tients. Considering the use of ACE-I or ARB, the percent-
age of people taking these drugs was even higher, reaching
over 95% in the younger group and almost 90% in the el-
derly. During the observation, the percentage of patients
treated taking ACE-I declined, with a simultaneous in-
crease in the use of the ARB. This may indicate the ap-
pearance of adverse effects of ACE-I, which led to a switch
to an alternative therapy. The most troublesome adverse
effect connected with ACE-I drugs is coughing. It oc-
curs often, in from 5-21% to almost 50% of the treated
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population.?23 The frequency does not appear to depend
on the age of the patients.?* Perhaps this is one of the main
reasons for the transition to the ARB treatment. The most
important side effects of both ACE-I and ARBs include
renal function deterioration. The studied elderly popu-
lation was characterized by the presence of more than
twice as frequent chronic kidney disease. This fact can
decrease the frequency of use of ACE-I/ARBs. This may be
one of the reasons for the existence of a group of patients
who do not use any of these drug groups.

The most commonly used ACE-I in both age groups
proved to be ramipril and perindopril. However, the dos-
es of drugs recommended in the ESC guidelines for any
of the preparations used were not achieved.?1*18 These
doses were similar and did not depend significantly
on the age group. This fact concerning the Polish popu-
lation coincided with the results obtained in the whole
registry.”” As indicated by numerous publications, despite
not achieving the recommended doses, the use of smaller
doses also has a positive effect on the survival of patients
with HF.2>:26

As in the case of the ACE-I/ARB, the frequency
of used B-blockers also looks optimistic, reaching over
90% in younger and almost 90% in older patients. What
is even more interesting is the fact that the frequency
of B-blockers use did not decrease during the 12 month
follow-up. Unfortunately, the drugs did not achieve rec-
ommended target dose. These observations are consis-
tent with the general register.}” Of the 4 B-blockers with
proven efficacy in the treatment of HF, only nebivolol
is intended for the elderly population. Other -blockers
such as carvedilol, bisoprolol and metoprolol succinate
do not show significant differences in the benefits de-
rived from their use, depending on age. This is confirmed
by a meta-analysis conducted by Dulin et al.?” involving
more than 12,000 patients. Similar results were obtained
by Sin et al.?® and Pascual-Figal et al.,?’ further indicating
that this beneficial effect is not reduced in elderly patients
with multiple comorbidities, including chronic obstructive
pulmonary disease (COPD). Of course, special attention
should be given to the correct initiation of treatment with
-blockers and possible side effects. Possible side effects did
not translate into decreased frequency of B-blockers use
after 12 months, remaining at a nearly 90% level. Among
the p-blockers, carvedilol was the most common, regard-
less of the age group, which draws attention to a negligible
proportion of patients treated with nebivolol despite SE-
NIORS study results. In this case, there are no conditions
capable of explaining this observation.

Among the aldosterone-antagonists, spironolactone still
ranks highest in comparison to eplerenone. The frequency
of the application of that class of drugs was significantly
lower in older patients. This difference persisted through-
out the observation period. After the publication of re-
sults research RALES?® and EPHESUS?"32, it became clear
that they are a very valuable component in the treatment

A. Poliwczak, et al. Treatment of heart failure in the elderly

of HF. Unfortunately, their use is limited by side effects,
especially in the case of spironolactone. The most impor-
tant side effect is connected to hyperkalemia, especially
when combined with ACE-I/ARB. This risk considerably
increases in the case of kidney damage, especially in cre-
atinine clearance 50 <mL/min, which is more common
in older people.?*3* These people require more frequent
monitoring of serum creatinine and potassium levels.
A relatively high percentage of patients were treated with
diuretics — loop or thiazide, of which 20% require 2 di-
uretics, not including aldosterone antagonists. This did
not differ according to age. An interesting, though unex-
plained, issue remains the high percentage of people using
these drugs in the younger age group. Perhaps this is due
to a different etiology of HF, e.g., hypertension, where di-
uretics are one of the main therapeutic groups. This was
consistent with the data for the entire registry, in which
the frequency of the use of diuretics was 82%.'” In con-
trast, the frequency of diuretic therapy was less than that
described by Komajda et al.,* where it reached above 90%.
Also, according to Zugck et al.,?* the proportion of di-
uretics was 74.7-96.7%. The use of diuretics is associated
with a number of possible side effects, including electro-
lyte disorder, deterioration of renal function and exces-
sive dehydration.?* Similarly, a relatively high percentage
of people were treated with digoxin. Initially, it was 16%
in the group of older people, and after 1 year of observa-
tion, it was even higher and amounted to 21%. A similar
percentage of those using digoxin was noted by Cichocka-
Radwan et al.3¢ among people over 80 years of age, which
was 13.7%. Interestingly, in our analysis, the frequency
of digoxin use was higher in the group of younger people
(under 65 years of age). Perhaps the explanation of this
phenomenon should be sought in a greater number of dis-
eases coexisting in the older age group, including disorders
of kidney function, liver and electrolyte disorders that con-
traindicate this type of treatment.

One of the major problems in the treatment of HF is the co-
existence of arrhythmias, particularly AF. The incidence
of AF increases with age.3-3° In the general population aged
65 years and older, it is 7-8%, and 18% in the population over
85 years of age. The occurrence of AF significantly increases
the risk of thromboembolic complications and requires
additional treatment. According to the current guidelines,
all individuals with HF aged 65 years or older require an-
ticoagulation, preferably by means of oral anticoagulants.
Also, most of the younger people, particularly women,
also require such treatment in the absence of significant
contraindications. In the present register, AF was present
in almost half of the elderly, and nearly 1/3 of the younger
patients. Oral anticoagulants in the 12 month follow-up
were accepted by nearly 1/3 of younger patients and a simi-
lar percentage of elderly. As can be seen, there is a large
group of older people who, despite the existence of clear
indications, do not receive proper treatment. Perhaps this
is due to the existence of contraindications or increased risk
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of bleeding. This problem seems to require extra attention.
What is positive is the less frequent treatment with drugs
which lack proven efficacy, such as nitrates or digoxin. Un-
fortunately, there is still much to be done to achieve full
implementation of the ESC recommendations. On the other
hand, all the complex risks of pharmacotherapy in the el-
derly, with multiple comorbidities, should be taken into
account. Elderly patients are also different from the younger
ones in terms of their clinical profile, long-term prognosis
and predictive factors.*

Conclusions

The selected results described by the authors of the Pol-
ish part of the register of HF EURObservational Research
Programme: The Heart Failure Pilot Survey (ESC-HF Pi-
lot) do not differ from the results described for the entire
registry. On this basis, we will attempt to put forth some
conclusions:

1. The practice of treating HF is conducted largely in ac-
cordance with the applicable guidelines.

2. The percentage of people 65 years of age who use
ACE-I/ARB, -blockers and mineralocorticoid-antagonists
remains high.

3. During the 12-month follow-up, the frequency
of the use of B-blockers does not decrease, and a decrease
in the number subjects treated with ACE-I is compensated
by increasing percentage of the use of ARB.

4. A major problem seems to be the appropriate treat-
ment to prevent thromboembolic complications in the case
of AF coexistence. There is a large group of the elderly who
do not receive proper anticoagulation.

Described attempts to draw wider conclusions are very
cautious. The authors are aware of the limitations of the en-
tire project. However, our study will contribute to improv-
ing both the efficiency and safety of the treatment of HF
in the elderly in Poland.
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Abstract

Background. High-grade B-cell lymphomas (HGBLs) comprise a new entity in the revised 2016/2017
World Health Organization Classification of Tumours of Haematopoietic and Lymphoid Tissues. The diagnosis
of HGBL encompasses histopathology and immunohistochemistry, with additional molecular examination
of the BCL2/MYC or BCL6/MYC rearrangement status.

Objectives. The aim of the study was to summarize our experience in the histopathological and immuno-
histochemical diagnosis of patients with aggressive B-cell lymphomas according to the revised 2016/2017
WHO dlassifications.

Material and methods. We reviewed our single-institution experience with accurate diagnoses of HGBL
and diffuse large B-cell ymphoma (DLBCL) using the available histopathological and immunohistochemical
tools. The timeframe was from January 1, 2017 to April 18, 2018.

Results. Out of 265 patients, 217 (81.9%) were diagnosed with DLBCL, 43 (16.2%) with HGBL/DLBCL and
5 (1.9%) with not otherwise specified HGBL (HGBL-NOS). Regarding concurrent expression of MYC and
BCL2 and/or BCL6 (double expressors (DE) and triple expressors (TE)), more DE and TE cases were found
in the HGBL/DLBCL group than in the DLBCL group (25.53% vs 8.47%, p < 0.007, for DE cases and 55.32%
Vs 6.21%, p < 0.001, for TE cases). All 48 (100.00%) of the HGBL-NOS and HGBL/DLBCL patients, and 26
(11.98%) of the DLBCL-DE/TE cases were recommended for molecular analysis.

Conclusions. Our findings show that a comprehensive histopathological and immunohistochemical exami-
nation may identify potential HGBL cases. This study emphasizes the need to introduce a suitable molecular
examination for patients with HGBL morphology and/or double/triple expression of BCL2/BCL6/MYC proteins.

Key words: DLBCL, World Health Organization (WHO) 2016/2017 Classification Of Tumours Of Haemato-
poieticand Lymphoid Tissues, DLBCL/BL, HGBL, high grade B-cell ymphoma/diffuse large B-cell lymphoma
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The revised 2016/2017 World Health Organization
(WHO) Classification of Tumours of Haematopoietic and
Lymphoid Tissues included new entities among aggres-
sive B-cell lymphomas.? The most significant changes
were introduced by distinguishing a new category of high
grade B-cell lymphomas (HGBLs), which were mainly
derived from previous provisional categories, including
unclassifiable B-cell lymphomas with features intermedi-
ate between diffuse large B-cell lymphoma (DLBCL) and
Burkitt’s lymphoma (BL) (BCLU), as well as from DLBCLs
of classic morphology.'2

The HGBL category was created based on the differences
between its pathogenesis and clinico-pathological features
and those of DLBCL or BL.>~* The poorer prognosis among
HGBL patients in comparison to those with DLBCL or BL
established a strong need to develop novel, more intensive
therapies, as the standard regimen of rituximab, cyclo-
phosphamide, vincristine, and doxorubicin (R-CHOP)
is ineffective in HGBL patients.>>11 Although this new
category is still highly heterogeneous, it creates an oppor-
tunity for a more accurate diagnosis and may ultimately
lead to better treatment allocation or facilitate the search
for new treatment strategies in randomized clinical trials.

An accurate diagnosis of HGBL encompasses standard
histopathological and immunohistochemical analy-
ses combined with molecular examination.>* Recently,
Szumera-Cieckiewicz et al. comprehensively summarized
the current practical guidelines on differential diagnosis
of aggressive B-cell lymphomas, including the proper dif-
ferentiation of HGBL.* In brief, the current protocols for
DLBCL/HGBL/BL diagnosis require the following to be
determined: 1) the morphology of the lymphoma cells;
2) the cell of origin (COO), using the immunohistochem-
istry-based Hans protocol; 3) an immunohistochemical
analysis of BCL2, BCL6 and MYC expression, as well as Tdt
and cyclin D1/SOX11 in cases with blastoid morphology;
and 4) a fluorescent in situ examination of BCL2/MYC
or BCL6/MYC rearrangements (Table 1).124 While the first
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3 requirements are widely available in Polish histopathol-
ogy laboratories, there is a deficiency in access to proper
molecular examinations.

In this study we aimed to conduct a large retrospective
single-institutional report on the morphological and im-
munohistochemical diagnosis of aggressive B-cell lym-
phomas in light of the revised 2016/2017 World Health
Organization (WHO) Classification of Tumours of Hae-
matopoietic and Lymphoid Tissues.

The work described in this article was carried out in ac-
cordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving humans; EU Directive 2010/63/EU for animal
experiments; and uniform requirements for manuscripts
submitted to biomedical journals.

Patients and methods
Study cohort

All aggressive B-cell lymphoma cases diagnosed
at the Department of Pathology, Chair of Oncology, Medi-
cal University of Lodz, Poland, between January 1,2017 and
April 18, 2018 were included in the analysis. The review
was restricted to cases classified as HGBL not otherwise
specified (HGBL NOS — cases with clear blastoid morphol-
ogy or not meeting the criteria for standard DLBCL or BL
— Table 1), DLBCL and HGBL/DLBCL (a category for cases
which in histopathological and immunohistochemical
analysis appear to be HGBL, but no molecular confirma-
tion was accessible). Formalin-fixed paraffin-embedded
(FFPE) samples were collected, along with hematoxylin
and eosin (H&E) and immunohistochemical slides. Finally,
pathological data obtained from the patients was extracted
into a pre-prepared Excel (v. 1907, Office 365; Microsoft
Corp., Redmond, USA) spreadsheet. The required data
encompassed the patient’s age at diagnosis, sex, diagnosis,

Table 1. High grade B-cell lymphoma (HGBL) subtypes and diagnostic criteria according to the 2016/2017 WHO Classification of Tumours of Haematopoietic

and Lymphoid Tissues

Immunohistochemistry

Most common diagnosis
according to the previous
2008 WHO classification

FISH analysis for BCL2/MYC
or BCL6/MYC rearrangements

Subtype Morphology features
Mandatory for diagnosis;
HGBL, NOS blastoid or Burkitt-like
(between BL and DLBCL)
Not mandatory for diagnosis;
HGBL, DLBCL — most cases, blastoid
DH/TH or Burkitt-like (between BL
and DLBCL)
HGBL, DH/TH, Mandatory for d!agnosm;
history of follicular
transformed S
et DLBCL — most cases

GCB to ABC ratio ~ 2:1;
DE/TE — most cases;
negative for TdT and cyclin D1/SOX11

GCB - most cases,
DE/TE — most cases,
negative for TdT and cyclin D1/5SOX11

GCB - most cases,
DE/TE — most cases,
negative for TdT and cyclin D1/SOX11

Not mandatory for diagnosis DLBCL/BL
Mandatory for diagnosis;
positive for BCL2/MYC or BCL6/ DLBCL
MYC rearrangement present
Mandatory for diagnosis;
positive for BCL2/MYC or BCL6/ DLBCL

MYC rearrangement present

NOS - not otherwise specified; DH — double-hit; TH - triple hit; GCB — germinal center B-cell phenotype; ABC — activated B-cell phenotype; DE — double
expressor; TE — triple expressor; FISH - fluorescent in-situ hybridization; DLBCL/BL - unclassifiable B-cell lymphomas with features intermediate between
diffuse large B-cell lymphoma (DLBCL) and Burkitt's lymphoma (BL).
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morphology, the results of immunohistochemical analysis
including COO classification, Ki67 proliferation index,
as well as BCL2, BCL6 and MYC expression.

Pathological diagnostic approach

Since January 1, 2017, our institution has followed a new
diagnostic protocol for all aggressive B-cell lymphomas.
The protocol is in accordance with the 2016/2017 WHO
Classification of Tumours of Haematopoietic and Lym-
phoid Tissues. In this protocol a diagnostic report of a lym-
phoma encompasses: 1) morphological texture (e.g., “high
grade B-cell lymphoma with blastoid morphology”); 2) im-
munophenotype along with Ki67 proliferation index;
3) COO: germinal center B-cell phenotype (GCB) or acti-
vated B-cell phenotype (ABC), according to the Hans pro-
tocol'?; 4) the status of immunoexpression of BCL2, BCL6
and/or MYC proteins (double expressor, triple expressor,
non-double expressor); 5) a conclusion, including an in-
dication whether the patient needs an additional molecu-
lar examination (e.g., “According to the 2016/2017 WHO
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Classification of Tumours of Haematopoietic and Lym-
phoid Tissues, an additional fluorescence in situ hybridiza-
tion (FISH) analysis should be performed on the sample
for differential diagnosis between DLBCL and HGBL,
DH/TH”). Examples of HGBL/DLBCL cases are shown
in Fig. 1,2.

Immunohistochemistry

The standard panel of antibodies examined in patients
with DLBCL, BL and HGBL covered CD20, CD3, BCL2,
BCL6, MYC, CD10, MUM], Ki67, cyclin D1, SOX11, TdT,
CD5, CD38, and PAX5 (BSAP). Clones of the antibodies
along with the manufacturers are listed in Table 2. Im-
munohistochemical analysis used monoclonal antibod-
ies (FLEX Monoclonal Mouse Anti-Human, Dako A/S,
Glostrup, Denmark) and EnVisionTMFLEX+ (Dako A/S)
for the visualization. The tests were carried out using Au-
tostainer Link 48 (Dako A/S).

The expression for all markers was reported as positive
or negative, but for BCL2, BCL6, MYC, and Ki67 detailed
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Fig. 1. Histopathological example of a high grade B-cell lymphoma not otherwise specified (HGBL NOS) with the starry-sky pattern. The case was
of germinal center B-cell phenotype origin and revealed BCL2 and MYC expression without expression of BCL6

DE - double expressor.
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Fig. 2. Histopathological example of a high grade B-cell lymphoma not otherwise specified (HGBL NOS) with blastoid morphology. The case was
of germinal center B-cell phenotype, revealed BCL6 and MYC expression without expression of BCL2 and was negative for TdT

DE - double expressor.

Table 2. List of antibodies used in the immunohistochemical analysis percentages of positive cells were reported in brackets.
ity | Clone | EorrEny Cases were marked as positive under the following condi-
L - Dako tions: when more than 50% of the lymphoma cells were
stained with anti-BCL2 antibody (cytoplasmic and nuclear
BCL6 PG-B6p Dako ..
staining), when more than 30% of the lymphoma cells were
ERAP () DASPERS DElS stained with BCL6 (nuclear staining) or when more than
b3 Polyclonal rabbit Dako 40% of the lymphoma cells were stained with MYC (nuclear
CD5 4C7 Dako staining). The immunohistochemistry results were validat-
CD10 56C6 Dako ed using positive and negative tissue controls in the whole
D20 126 Dako series of immunostained slides.
CD38 SP149 Cell Marque .. .
BanE - oo Statistical analysis
Ve 109 VENTANA Continuous variables were presented as medians fol-
K67 MIB-1 Rk lowed by interquartile range (IQR), while nominal vari-
MUM-1 MUMTp Dako ables were presented as numbers followed by percentages
SOX-M MRQ-58 Cell Marque in brackets. The Shapiro—Wilk test was used to assess
TdT EP266 Dako the normality of distribution. Continuous variables were

compared using the Mann—Whitney U test in case of non-
normal distribution. Differences between categorical
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variables were evaluated using the x? or two-tailed Fisher’s
exact tests. The STATISTICA v. 12.5 PL software pack-
age (Statsoft Inc., Tulsa, USA) was used for the analysis.
P-values <0.05 were considered statistically significant.

Results
Patients characteristics

Between January 1, 2017 and April 18, 2018, 265 pa-
tients were diagnosed with either DLBCL (n = 217, 81.88%),
HGBL, NOS (n = 5, 1.89%), or HGBL/DLBCL (n = 43,
16.23%). The median age of the whole group was 69 years
(IQR = 61.12-77.77). The HGBL/DLBCL patients were
older than DLBCL patients; however, this result was not
statistically significant. Almost % of the patients in each
group were males.

All HGBL NOS cases presented a blastoid-pattern
morphology and were either double or triple expressors.
Due to the small number of cases, all 5 HGBL NOS cases
were included with the HGBL/DLBCL patients. The de-
tails of the study group, along with comparisons between
the DLBCL and HGBL/DLBCL patients, are presented
in Table 3.

Table 3. Characteristics of the HGBL/DLBCL and DLBCL study population. Quantitative variables are
presented as medians followed by quartiles in brackets and as numbers followed by percentages in brackets
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Lymphoma morphology

Within the HGBL/DLBCL group, 6 patients (12.50%) pre-
sented with partially blastoid morphological features, and
14 patients (29.17%) presented with BL morphological fea-
tures, while more than % presented with standard DLBCL
morphology (mainly centroblastic or immunoblastic).

Comparison of cell of origin of lymphomas
and Ki67 index

The majority of the lymphomas displayed an immuno-
phenotype characteristic of ABCs. This tendency was stable
regardless of the study group. There were 33 ABCs (70.21%)
in the HGBL/DLBCL group and 122 ABCs (59.80%) in the
DLBCL group (p = 0.186).

The Ki67 proliferation index in the whole study group
was high: 90% (IQR = 80-95%). It differed significantly be-
tween HGBL/DLBCL and DLBCL patients: 95% (90—100%)
vs 90.00% (75-90%), respectively (p < 0.001).

Comparison of BCL2, BCL6
and MYC expression

The majority of the lymphomas studied displayed posi-
tivity for BCL2 and BCL6 expression: n = 156 (65.27%) and
n = 171 (67.86%), respectively; and
67 patients (30.04%) were positive
for MYC expression. The percent-

HGBL/DLBCL DLBCL . Whole group £ BCL6-positive lvmph
(n=48,18.12%) | (n=217,81.88%) | P-value(test ‘ (n = 265, 100.00%) ?1?(61: I?Ot dinfer g;rslll f?clznzl;fet:vr::;
7216 6873 0.086 (Mann— 68.89 ~ )
Age lyears] (6428-8019) | (6057-7615)  Whitney U test) (6112-77.77) the study groups (p = 0.466). How
ever, HGBL/DLBCL cases were
Sex (males) 21 (45.65%) 99 (46.26%) 0.940 (x9) 120 (46.15%) more frequently BCL2-positive
Hematology Center _ e
KMH 33 (68.75%) 99 (45.629%) I 132 (49.81%) and MYC pOSIEI"e than D LBEL
EC 15 (31.25%) 118 (54.38%) U X 133 (50.19%) cases: 41 (87.23%) vs 115 (59.90%)
HGBL, NOS 5 (1041%) NA NA 5 (1.89%) BCL2-positive cases (p < 0.001) and
Morphology 38 (80.85%) vs 29 (16.48%) MYC-
blastoid 6 (12.50%) NA 6 (2.26%) positive cases (p < 0.001).
BL/DLBCL 14.(29.17%) NA NA 14 (5.28%) Regarding concurrent expression
DLBCL 28 (58.33%) 245 (100.00%) 245 (92.45%) of MYC and BCL2 and/or BCL6
Ceélc%forigin ( ) ( ) o : | more DE and TE cases were found
14.(29.79% 82 (40.20% 0.186 (x 96 (38.25% .
ABC 33 (70.21%) 122 (59.80%) 155 (61.75%) in the HGBL/DLBCL group than
BCL2 (positive) 41 (87.23%) 115 (59.90%) <0.001 (x?) 156 (65.27%) in the DLBCL group: 12 (25.53%) vs
. 0, . 0, A . 0,
15 (8.47%) DE cases (p < 0.001) and
BCL6 (positive) 34(72.34%) 137 (66.83%) 0466 () 171 (67.86%) 9% ((55 320()%)) vs 11 (6(51%) TE iases
MYC (positive) 38 (80.85%) 29 (16.48%) <0.001 () 67 (30.04%) (p < 0.001); DE and TE cases com-
DEépOiitiveC) ( : e ( | prised 54 (20.40%) of the patients
BCL2/MY! 9(19.15% 10 (5.65% 19 (8.48% .
BCL6/MYC 3(6.38%) 5 (2.82% 0.005 () 8 (3.57%) in the study.
TE (positive) 26 (55.32%) 1 (6.21%) <0.001 () 37 (16.52%) Patients recommended
<67 ind 95.00 90.00 <0.001 (Mann— 90.00 )
o7 Inaex (90.00-10000) | (75.00-90.00) | Whitney U test) (80.00-95.00) for molecular analysis

HGBL - high grade B-cell ymphoma; NOS - not otherwise specified; BL — Burkitt's lymphoma; GCB — germinal
center B-cell phenotype; ABC - activated B-cell phenotype; DLBCL - diffuse large B-cell lymphoma; NA — not
applicable; KMH - Kopernik Memorial Hospital; EC — external oncological centers; DE — double expressor;

TE — triple expressor.

We recommended fluorescence
in situ hybridization (FISH) analy-
sis for identifying BCL2/MYC and
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BCL6/MYC rearrangements in all 48 (100%) of the HGBL/
DLBCL cases and in 26 (11.98%) of the DLBCL cases,
i.e., 74 (27.92%) of all the patients included in the study.
As of the end of this study, none of the patients had been
sent for molecular analysis.

Discussion

During the 18 months following the introductions
of the revised 2016/2017 WHO Classification of Tumors
of Haematopoietic and Lymphoid Tissues, our clinic
recommended almost 20% of HGBL patients and 30%
of HGBL/DLBCL-DE patients for FISH analysis for proper
discrimination between HGBL, DH/TH and DLBCL. Con-
sidering the important clinical and biological differences
between these diagnoses, we demonstrated a pressing need
to apply the differential diagnosis of DLBCL and HGBL
in the routine diagnosis of lymphomas in Poland.

The HGBL category was formally introduced in 2017
with the publication of the new WHO classifications; how-
ever, this distinct subgroup of lymphomas had been pro-
posed a few years earlier.>*!! The most important morpho-
logical criterion (the blastoid pattern) and the additional
immunohistochemical criteria (double- or triple- expres-
sion of MYC, BCL2 and/or BCL6) are most often published
in guidelines and reviews.>* Therefore, the present study
separated all patients who were positive for the first or both
criteria and labelled them as HGBL/DLBCL patients. No
stringent criteria exist that can help to determine the addi-
tional molecular testing needed to separate HGBL DH/TH
CaSeS.1’3'4'13’14

HGBL/DLBCL patients constituted almost 20% of our
study group. This percentage is a little lower than litera-
ture values (in the largest cohorts, 30% of DLBCL cases
were classified as HGBL/DLBCL; 6% were confirmed
as HGBL-DH after molecular testing).>~* In our study,
the discrepancy was eliminated when DLBCL DE/TE cases
were included in the group recommended for additional
testing.?~* The inclusion of DLBCL DE/TE for additional
molecular assessment is clearly substantiated by recent
reports on DLBCL DH cases within the DLBCL DE/TE
group.41516

Most of the morphological and immunohistochemi-
cal characteristics identified in the group were consis-
tent with those presented in previous reports; however,
2 were found to be intriguingly different. Firstly, almost
70% of the HGBL/DLBCL group displayed an ABC subtype
phenotype when we assessed the COO using the Hans
algorithm. The opposite GCB-to-ABC ratio is typically
presented in the literature, with the value reaching as high
as 100% GCB in true HGBL DH (BCL2/MYC rearranged)
cases.* The older age of the HGBL/DLBCL patients in our
study (median age: 72 years) may explain this discrepancy,
as ABC cases are more common among older patients.*
Another possible explanation is that our sample included
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alower percentage of DE/TE cases among the ABC DLBCLs
than reported previously.>>” Secondly, while a significantly
higher Ki67 proliferation index was found in the HGBL/
DLBCL group than in the DLBCL group in the present
study, previous reports indicate no significant differences
in this parameter, and advise against using it as a differ-
ential criterion for HGBL and DLBCL cases.">*> We agree
with these observations, because despite the statistical
significance, the absolute differences in Ki67 proliferation
index in our study were around 5%.

The need for detection of HGBL is reinforced not only
by the different pathogenesis of HGBL and DLBCL, but
also by the important clinical differences between HGBL
and DLBCL mentioned previously.® In comparison with
DLBCL patients, HGBL (DH/TH or NOS) patients are char-
acterized by shorter overall and event/progression-free sur-
vival, and are more frequently associated with poor prog-
nostic factors, such as age at diagnosis, high IPI scores and
advanced disease.>* Moreover, diagnoses of HGBL (DH/
TH or NOS) may soon become predictive for treatment
allocation, especially among younger patients; most studies
indicate that this group should be treated more intensively
than with a standard R-CHOP regimen.>>1718 However,
it must be emphasized that trials of more intensive or novel
regimens in HGBL have reported inconsistent results, and
the evidence is still not strong enough to prepare distinct
treatment guidelines for HGBL patients.>*!>19-23 This fur-
ther emphasizes the need for better distinction of HGBL
as a highly heterogeneous, provisional category of lympho-
mas, which should be investigated further.

The major limitation of our study is its lack of FISH analy-
sis of HGBL/DLBCL and DLBCL DE/TE cases, which might
be valuable for the final diagnosis. We plan to conduct this
type of examination whenever possible in the future. A sec-
ond limitation concerns the limited amount of clinical data
and follow-up. We did not present these data in this report
because the scope of the study was restricted to the diag-
nostic aspect of HGBL/DLBCL. In addition, our pathology
department treats patients from several regional oncology
centers and gathering such a large volume of data would
be excessively time-consuming. Finally, the patients in our
study were diagnosed following January 1, 2017 and no
accurate conclusions could be drawn in such a short time
since the diagnosis. We plan to update the report with
clinical and molecular details in the near future.

Conclusions

Our findings show that comprehensive histopathologi-
cal and immunohistochemical examinations can identify
potential HGBL cases. As many as 20% of our HGBL/
DLBCL patients would need FISH examination for BCL2/
MYC or BCL6/MYC rearrangements. This is the strongest
justification for the need to introduce appropriate exami-
nations among patients with high grade B-cell lymphomas.
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Abstract

Background. Glaucoma, a degenerative and progressive disease, leads to structural and functional changes
in the optic nerve head and retinal ganglion cells (RGCs), while the vasculature of the iris stays intact.

Objectives. The aim of this study was to determine whether the coherence level associated with pupil
geometry and peripheral arterial pulsation can be the basis for differentiating glaucoma and glaucoma-
suspected patients from a control group.

Material and methods. This is an investigator-initiated, single-center prospective cohort study. Patients
with diagnosed glaucoma (glaucoma group — GG) or glaucoma suspects (glaucoma suspects group — GSG),
as well as healthy participants (control group — (G), were prospectively enrolled in the study. Glaucoma-
diagnosed patients and glaucoma suspects who converted to glaucoma within 5 years were included.
All patients underwent a full ophthalmological examination that included measurements of the thicknesses
of the retinal nerve fiber layer (RNFL) and the ganglion cell complex (GCC) along with other parameters.
A custom-made pupilometer was synchronized with a pulsometer to simultaneously record an image
of the pupil and the peripheral arterial pulsation signal. All readings were processed with a script developed
by the researchers. The main indicator of an increased influence of the vascular structures of the iris on pupil
geometry in the patients and (G were the coherence levels (lev() between parameters describing the pupillary
shape and peripheral arterial pulsation.

Results. Differences in the median value of the lev(pS, lev(pe and lev(p8 parameters between the GG and
(6SG compared to the (G were found (p < 0.001). During the follow-up period, a larger decrease was observed
in RNFL thickness and GCC thickness in the GSG than in the GG (p < 0.05). Strong correlations were found
between lev(pS and RNFL and GCC loss among the GSG group (p < 0.001), while in the GG this parameter
correlated with RNFL and GCC thickness (p < 0.001).

Conclusions. This is the first attempt to relate changes in the neuronal signaling pathways in glaucoma
to the vascular-dependent changes of pupil geometry. The findings presented herein suggest that this ap-
proach can be used to determine which glaucoma suspects have autonomic system impairment in the eye,
increasing their probability of glaucoma conversion.

Key words: glaucoma, retinal nerve fiber layer, pupil, ganglion cell complex, peripheral arterial pulsation
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Introduction

Glaucoma is the most common type of optic neuropa-
thy. According to the World Health Organization (WHO),
it represents one of the leading causes of irreversible blind-
ness in developed countries, along with age-related macular
degeneration and diabetic retinopathy.> The pathomecha-
nism of glaucomatous optic neuropathy has not been fully
explained. This degenerative and progressive disease leads
to structural and functional changes in both the optic
nerve head and in the retinal ganglion cells (RGCs).

Although the majority of RGCs are involved in cortical
image processing and recognition, there is a small group
of RGCs that project the lateral geniculate nucleus, the pre-
tectal olivary nucleus and the suprachiasmatic nucleus.
This non-image-forming pathway (Fig. 1A) is managed
by a different type of RGCs, called intrinsically photosen-
sitive RGCs (ipRGCs), comprising approx. 0.8—3% of the to-
tal RGC population in the human retina. Assuming that
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the total number of RGCs in the human retina is approx.
1.2 million, only 9.6-36 thousand RGCs contain mela-
nopsin and are intrinsically photosensitive.>=> In a healthy
retina, a light impulse — after being transduced into a bio-
chemical impulse — is transmitted via the cortical and non-
image-forming pathways towards the appropriate centers
in the brain. However, in the glaucomatous retina, the same
light impulse causes less pronounced cortical and non-
image-forming input towards the brain due to the presence
of fewer RGCs in the retina (Fig. 1A). Non-image forming
input is transmitted through the optic tract to the pretectal
nucleus, where it acts as an excitatory impulse for the Ed-
inger—Westphal nucleus. The impulses from this nucleus
travel through the oculomotor nerve (its parasympathetic
part) to the ciliary ganglion and, after switching to the post-
synaptic neuron, as short ciliary nerves to the iris. Arous-
al of the sympathetic part of reticular formation results
in inhibitory impulses that travel from the hypothalamus
to the Edinger—Westphal nucleus. Simultaneously, arousal

arousal

B

optic tract (input from
homonymus hemiretinas)

pretectal nucleus
(excitatory impulses)

hypotalamus
(inhibitory impulses),
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oculomotor
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Fig. 1. Healthy (top) and glaucomatous (bottom) retina with important cells for cortical image and non-image forming input (A), non-image forming
pathways in brain and spinal cord (B) and healthy (top) and glaucomatous (bottom) iris with vascular (left) and neuromuscular (right) (C) anatomic features
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of the sympathetic part of the reticular formation is trans-
mitted through the cervical cord to the ciliospinal center
located in the Cg—Th;. The sympathetic presynaptic nerve
leaves the spinal cord and forms synapses in the superior
cervical ganglion. The postsynaptic sympathetic nerves
form the carotid plexus and travel upward with this ves-
sel, then along with the ophthalmic nerve (V;) they enter
the tissues of the eye as long ciliary nerves (Fig. 1B).

In the iris as well, there are differences between glau-
comatous and normal neuromuscular structures. The re-
duced input from RGCs in glaucomatous patients results
in muscle atrophy due to insufficient impulse creation
when compared to a healthy eye, but the vasculatures
of glaucomatous and healthy irises are similar. The pe-
ripheral arterial pulsation, while invisible in a healthy eye,
becomes pronounced in a glaucomatous one. This provides
the background for our study (Fig. 1C).

In 2002, Hattar et al. and Berson et al. simultaneous-
ly described a new type of photoreceptor that expresses
the photopigment melanopsin (also known as opsin 4
or OPN4).%7 In recent years, the investigators have shown
that light transmission to the hypothalamic suprachias-
matic nucleus or the post-illumination pupillary light re-
sponse (PLR) is compromised as a result of ipRGC damage
in glaucoma. Gracitelli et al. showed that there is a positive
association between ipRGCs and retinal nerve fiber layer
(RNFL) thinning in glaucoma. In addition, it has also been
proven that the severity of glaucoma reflected by a stan-
dard automated perimeter mean deviation worse than
12 dB was associated with a worse pupillary response.>%?
The correlation between ipRGCs and RNFL is repre-
sented in Fig. 1A, demonstrating a significant reduction
in the number of RGCs and in RNFL thickness in a glauco-
matous retina. Kuze et al. suggested that electroretinogra-
phy (ERG) may be a promising method in treating a variety
of pathological conditions in which ipRGC disorders are
possible. In that study, glaucomatous patients showed di-
minished responses of the ipRGCs in ERG.* The reduced
blue-red post-illumination pupil response indicates a char-
acteristic impairment of the melanopsin-driven pathway
of ipRGCs in patients with glaucoma. Other studies have
shown that reduced maximal relative amplitude and in-
creased slope of the response during exposure to the 4-sec-
ond red stimulus suggest a disturbed synaptic function and
an altered interaction between outer photoreceptors, RGCs
and ipRGCs.1%!! In glaucomatous patients, the diminished
input from hemiretinas results in lower excitatory impulses
being projected from the pretectal nucleus to the West-
phal-Edinger nucleus (Fig. 1B). This results in a decrease
of the parasympathetic pathway activity transmitted
to the iris muscles which contract the pupil (Fig. 1B,C).

Detection of the pupil edge is used to determine the pa-
rameters that describe the pupil and its changes over time
in an unequivocal and comparable manner. Pupil geometry
is quite complex!? and is characterized by rapid changes
in its geometrical parameters over time,!3 with a constant
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level of light and constant conditions of its stimulation.
For various lighting conditions, the pupil can grow in area
even several times larger. Normal pupil diameter in bright
light varies in adults from 2 mm to 4 mm and in dim
light from 4 mm to 8 mm. Even with constant lighting,
the shape and size of the pupil are variable. Measurements
of pupil diameter after dark adaptation and during puls-
ing light stimulation are presented in a study by Gooley
et al.'* In a paper by Winn et al,,'® the authors measured
the variation of pupil diameter over time for different,
constant levels of illumination. This effect is most often
associated with the pulsation of blood in its blood vessels.
Some authors have carried out studies of pupil size along
with other signals. That led to a description of the rela-
tionship between fluctuations in pupil diameter and heart
rate!® or fluctuations in pupil diameter and respiratory
fluctuations.”” The size of the pupil also changes as a result
of the accommodation reflex.

On the other hand, apart from neovascular glaucoma, no
changes in iris vasculature have been reported. The effect
of a pulse wave in the peripheral tissues has been described
several times in the past. Pulse wave is the spread of arte-
rial deformation, which is caused by a change in blood
volume that is pushed from the heart with every heartbeat.
It propagates at a speed of 5—-8 m/s, while the blood flow
rate is around 0.5 m/s.

Dynamic changes in pupil size have been used to objec-
tively measure the influence of chronic stress. In a study
by Al Abdi et al.,'8 a device for physiological measure-
ments was developed to diagnose chronic stress, based
on blunted reactivity of the autonomic nervous system
to cognitive load. The authors documented blunted cog-
nitive-load-induced changes in pulse wave amplitude, gal-
vanic skin response and pupil diameter in stressed sub-
jects in comparison with non-stressed ones. Preliminary
results have demonstrated the ability of these methods
to objectively detect chronic stress. The most interesting
aspect is the work by Al Abdi et al. who proved that pupil
diameter is under the control of the autonomic system and
that a degradation of the autonomic system is strongly rep-
resented in the ability of the pupil to change its geometry.

We hypothesize that the impaired autonomic regula-
tion of pupil size in glaucoma and glaucoma suspects
is an early sign of this disease and, therefore, the vascu-
lature of the iris has an impact on short-term changes
in pupil shape. This is caused by pulse wave propagation
to distant tissues — when the autonomic innervation (sym-
pathetic and parasympathetic pathways) is impaired, iris
muscles atrophy. Under these conditions, the autonomic
regulation of systemic circulation overcomes local regula-
tion of pupil size represented by the neuromuscular unit
in the iris to the point at which it can be detected (Fig. 1).

To the best of our knowledge, this is the first study that
addresses the correlation between peripheral arterial pul-
sation and pupil size and shape changes in early glaucoma
detection.
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Material and methods
Study design

This was an investigator-initiated, single-center prospec-
tive cohort study conducted at the Department of Op-
tics and Photonics, Wroclaw University of Science and
Technology, and Department of Ophthalmology, Wro-
claw Medical University, Poland. The project was approved
by the Ethics Committee of the Wroclaw Medical Univer-
sity (approval No. KB 246/2017) and it adhered to the te-
nets of the Declaration of Helsinki.

Study population

Patients with diagnosed glaucoma or glaucoma suspects
were prospectively enrolled in the study. The included
patients were those who were diagnosed with glaucoma
and glaucoma suspects who converted to glaucoma within
5 years from inclusion. Detailed inclusion and exclusion
criteria can be found in Table 1. All patients underwent
a complete ophthalmological examination, including slit-
lamp biomicroscopy, fundoscopy and gonioscopy, as well
as visual field testing using a standard white-on-white
visual field (Humphrey Field Analyzer (HFA) II 750; 24-2
Swedish interactive threshold algorithm; Carl Zeiss Med-
itec, Dublin, USA) and RNFL thickness measurement us-
ing a Spectralis OCT (Heidelberg Engineering, Heidel-
berg, Germany). Additionally, the retinal ganglion cell
complex (GCC) was assessed using an RtVue AngioOCT
(Optovue, Fremont, USA). The following baseline data
were recorded: age, gender, best-corrected visual acuity,
preoperative IOP with Goldmann applanation tonometry,
and medication score.

The study population was divided into 3 groups: 25 eyes
in the glaucoma suspect group (GSG), 22 eyes in the glau-
coma group (GG) and 28 eyes in the control group (CQ).
Subjects were fully informed of the purpose of the study
and about all the procedures and their requirements. In-
formed consent was obtained from the patients before any
measurements were taken.

Table 1. Inclusion and exclusion criteria

Inclusion criteria

1. 18 years of age or older.

2. Diagnosis of glaucoma or glaucoma suspect done previously and re-
assessed during screening by ophthalmologist.

3. Medicated IOP > 15 < 35 mm Hg.

4. Subjects in glaucoma group taking 1-5 IOP-lowering medications.

5. Conversion to glaucoma diagnosed within a 5-year period (from
the time of recordings) in glaucoma suspect group.

6. Signed informed consent.

o Ul AW N

~

. Active inflammation (e.g., blepharitis, conjunctivitis, keratitis, or uveitis).
. Active iris neovascularization or neovascularization of the iris within

. Anterior chamber intraocular lens.

. Presence of intraocular silicone oil.

. Vitreous present in the anterior chamber.

. Impaired episcleral venous drainage (e.g., Sturge-Weber

. Previous photorefractive keratectomy (PRK).
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Experimental measurements

The patient’s head was stabilized in a rigid head rest, de-
signed and built by the researchers. The patient was asked
to gaze at the motionless fixation point and to abstain from
blinking for up to 14 s. Thanks to this eye fixation, an as-
sumption about the constant impact of corneal refraction
on the pupil image was made. If possible, the examination
was carried out on both eyes of each patient. However,
the study included people during the post-operative period
(cataract) or who were already monocular; hence, it was not
possible to examine both eyes of each person in each case.

The main component of the system for recording im-
ages of the human pupil was a fast CMOS camera (AOS
S-PRI; AOS Technologies AG, Baden, Switzerland).? To-
gether with the photo lens, it ensures an optimal image size
of the pupil on the image sensor (800 x 600 pixels). Accept-
able contrast was obtained by means of retro-illumination
registered by the camera. To preclude the pupils respond-
ing to the lighting system, infrared illumination was used.
Peripheral arterial pulsation was synchronously recorded
with the recording of video sequences of the pupils with
the use of an MLT1010 pulsometer attached to the subject’s
finger (AD Instruments, Sydney, Australia). The sequences
were recorded at a speed of 200 fps and the peripheral
arterial pulsation signal had a rate of 200 Hz.

The video sequence was divided into single frames (up
to 2,700 frames), and each of them was numerically ana-
lyzed with the use of Matlab R2015b (The MathWorks,
Inc., Natick, USA). Border points of the pupil were selected
automatically using an edge detection procedure (Fig. 2).
Due to differences in magnification of the pupil, the pupil
size was calibrated for each sequence. The pupil image
was treated as a filled plane figure. The shape of the pupil
was approximated with the best fitting ellipse, understood
as the ellipse with the same second moments of inertia
as the pupil shape (Fig. 2). The area of the pupil approxi-
mated by the ellipse (S) and the length of its major and
minor semi-axes (@ and b, respectively) were determined.
Based on the major and minor semi-axes, the eccentricity
(¢) was determined with the use of the following equation:

a? —b2
="

(1)

Exclusion criteria

the previous 6 months.

or nanophthalmos or other evidence of elevated venous pressure).
History of dermatological keloid formation.
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(xc’ yc)

Fig. 2. Exemplary pupillary edge of iris (light blue corrugated line) with
the best fitted ellipse (purple line) and its parameters: (x,, y.) — center
of the ellipse, a — major and b - minor semi-axis

The temporal variability of the parameters S and ¢,
as well as the peripheral arterial pulsation (p), was sub-
jected to further analysis.

Numerical analysis

All analyzed signals were subjected to spectral analysis
using fast Fourier transform (FFT) and correlation analy-
sis with the use of the coherence function between pairs
of recorded signals. Values of the coherence function are
always in the range of 0 to 1. Higher values of the coher-
ence function between 2 signals means higher spectral
correlation between the signals.

Two of the signals, S and p, analyzed over time for exem-
plary sequence, are shown in Fig. 3. Their basic registered

4 6
time [s]

B g ‘ ; 0.01
61 | _
| i T TN il il i N
j 4;, il MI | “‘ ‘\ il \‘\‘w , n U‘ J ‘\‘n‘,‘,“‘\“”"““{“’ [ L i 0 £
< ) T ;
a2 ] I [

oV \ w}‘ - 1\ -dw‘ fw ,rv“ “w“ MJ‘ w)\ | o | 'm‘ w, 0.01

2 ! ‘,“ u‘ | \’v “r‘ I I . j‘“ f "
0 2 4 6 8 10

time [s]

Fig. 3. Examples of basic signals p and S A) in their basic registered form p,
and Sy and B) differentiated signals for further analysis p and S

p — the peripheral arterial pulsation signal; S — the area of the eye pupil;
po — basic registered peripheral arterial pulsation signal; S, — basic
registered area of the eye pupil.

1371

form, marked with subscript 0 — that is, ppand S, — is pre-
sented in Fig. 3A. Figure 3B shows their differentiated
forms for further analysis, denoted as S and p, respectively,
in order to better visualize the effect of higher frequencies.

Periodograms (marked as PFT) of the modified signals
calculated by the use of FFT are presented in Fig. 4A. Peaks
in the PFT periodograms stand for characteristic frequen-
cies present in the signal. However, the components with
that frequency may appear at different times in the ana-
lyzed signals. The coherence function allows frequencies
present in both signals at the same time to be located with
the use of Welch’s overlapped averaged periodogram.?’
The coherence function between the 2 modified signals
presented in Fig. 3B?! is shown in Fig. 4B. To determine
and quantitatively compare correlations between 2 ana-
lyzed signals, the average value of the coherence function
above 0.5 was determined. This parameter, called coher-
ence level, was defined as:

Yhact, (i)
leVCzlz2 = % (2)

where

L C,.. (i) forC,, (i) =05
Cin)=1 2 o (3)
0 for C,(i) <0.5

and where z;, z, represent pairs of parameters and i de-
notes the next valuesi =1, 2, ..., j of frequencies in the range
of 0—40 Hz for which the coherence value has been deter-
mined. A graphical interpretation of the coherence level
is shown in Fig. 4B, though for better visualization the graph
presents only values up to 20 Hz. The points above the red
line at the level of 0.5 were taken into consideration when
determining the value of the coherence level. The coherence
level parameter is with some approximation proportional
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Fig. 4. A) PFT periodograms for p and S signals and B) coherence function
with marked values to calculate coherence level

p - peripheral arterial pulsation signal; S - area of the eye pupil;
Cps — coherence function between p and §; levC,s — coherence level.
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to the area below the coherence function and above the line
indicating the coherence level equal to 0.5. It was assumed
that the coherence values C;, 7, below 0.5 do not indicate
asignificant correlation between the signals analyzed. Thus,
the coherence level parameter describes the characteristic
coherence level in the range 0—40 Hz.

Outcome measures

The primary outcome measure was the coherence level
between the systemic pulsation signal and the change
in the area of the pupil. Secondary outcome measures in-
cluded correlations between RNFL and GCC thicknesses
and the coherence level, as well as correlations between
the coherence level and the change in RNFL and GCC
thicknesses over the 5-year follow-up period.

Statistical analysis

Almost each participant of all 3 groups —GG, GSG and
CG - was recorded at least twice; analysis of variance
(ANOVA) factorial analyses were performed to determine
the existence of any connection between the 1%t and 2"
recordings. Descriptive statistics for each parameter, such
as RNFL, GCC and their change over the years, and the co-
herence levels, including median and 95% confidence inter-
vals (95% CI) for the median, were used. The crosstabs with
relative risk and odds ratio (OR) analysis using z-scores
were conducted for all parameters. Comparisons of 2 inde-
pendent samples were performed with the Mann—Whitney
test and, for multiple independent samples, an ANOVA
Kruskal-Wallis test was used. In all analyses, statistical
significance was recognized if p < 0.05 for primary and

M. Szmigiel, et al. Pupil autoregulation impairment in glaucoma

p < 0.001 for secondary outcome measures. The analysis
of correlations was conducted by means of Spearman’s
R test (p < 0.001). In the next step, the Stepwise Model
Builder from STATISTICA v. 13.3 (StatSoft Inc., Tulsa,
USA) for linear regression was used, in which the next
variable was added only if the overall fitness of the model
was improved with a significance level of p < 0.05. Some
of the abovementioned calculations were made in Matlab
R2015b (The MathWorks, Inc., Natick, USA) as well.

Results

The characteristics of the study population are described
in Table 2. Figure 5 shows box-plot charts for 3 of the values
of the coherence level: levC,, levC,, and levC, . Please note
that the vertical axis of Fig. 5C is expressed in different units
than the other 2 graphs.

Statistical analysis revealed a significant difference
between CG and both the GSG and GG for all 3 coher-
ence level parameters (Fig. 5). The median value of levC,s
in the GG (0.102) was much higher than that of the CG (0.038;
p < 0.001). Moreover, the GSG had a higher median value
(0.086) than the CG (p < 0.001). The median values of levC,,

Table 2. Characteristics of subjects in the study groups

Parameter
Number of eyes measured 25 22 28
Age median (IQR) [years] 64 (35-72) | 63 (53-70) 31 (24-41)
Female/male ratio 16:9 15:7 15:13

GSG - glaucoma suspect group; GG — glaucoma group; CG — control group;
IQR - interquartile range.
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Fig. 5. Box-plot for levC calculated for pair of signals: A) p and S, B) p and € and C) Sand ¢ for analyzed patient groups

GG - glaucoma group; GSG - glaucoma suspect group; CG - control group; IQR - interquartile range; HR — heart rate; levC — coherence level; p — peripheral
arterial pulsation; S — area of the pupil; e — eccentricity; * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 3. Summary of differences between GG and GSG groups (change
in RFNL and GCC thickness were observed during follow-up period)

GSG

Parameter median

and IQR (n=25) B

Observation time [years] 4 3 p > 0.05
(3.5-5.0) (2.56-4.10)

RNFL [um] 5 67_08 6 @ 69_597) 0.001384
ARNFL [um] : 4;;65‘2) (52'_37‘]) 0.000006
ARNFL [um/year] (0,8(32?20) (052'?8.7}) 0.000010
GCC [um] (728_]8& (889_]98) 0.001026
AGCC [um] ( 4%;1) (5‘27‘708'1) 0.000007
AGCCY [um/year] (0.9]5‘31639) (1.015'3 ?.57) 0.000021

IQR - interquartile range; GG - glaucoma group; GSG - glaucoma suspect
group; RNFL - retinal nerve fiber layer; ARNFL — loss of retinal nerve fiber
layer; ARNFLY — loss of retinal nerve fiber layer per year; GCC — ganglion cell
complex; AGCC - loss of ganglion cell complex; AGCC' - loss of ganglion
cell complex per year.

for both the GSG (0.086) and GG (0.095) were higher than
that of the CG (0.038; p < 0.001). The differences in median
values of levC,, for both the GSG (0.121) and GG (0.138) were
significantly higher in comparison to the CG (0.080; p < 0.01).

Clinical data of RNFL thickness and GCC thickness
measured at the initial examination and reviewed during
the 5-year observational period are summarized in Table 3.
The loss of retinal nerve fiber layer (ARNFL) calculated
for each measured eye separately represents the difference
between RNFL thickness values at 2 points in time, when
the pupil was measured and after up to 5 years, which
was when the GSG patients had converted to glaucoma.
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In regards to the GG patients, the median observation time
was 4 years (95% CI = 3.5-5.0). The value ARNFLY repre-
sents ARNFL per year. The same applies to GCC, the loss
of ganglion cell complex (AGCC) and the yearly loss of gan-
glion cell complex (AGCCY).

During the follow-up period, there was a larger decrease
in RNFL and GCC thickness in the GSG than in the GG
(p <0.05). When it comes to the GSG, it should be stressed
that the observation period was different for each patient.
If a patient classified as GSG developed a visual field de-
fect, the researcher was able to diagnose glaucoma and
treatment was introduced; therefore, a change in RNFL
and GCC thickness per year was calculated in a different
timeframe for each patient. The median time that was re-
quired to detect conversion towards glaucoma was 3 years
(95% CI = 2.56-4.10). Additionally, it should be high-
lighted that this is the first study to describe the change
in GCC thickness in GSG patients. Interestingly, when
the coherence levels were compared to the clinical data,
there were strong correlations in GG and GSG. It is worth
mentioning that the correlations between the coherence
levels were stronger in the GSG (e.g., ARNFL thickness
(r = 0.732; p < 0.0001) or AGCC thickness (r = 0.6491;
p < 0.0001), while in the GG it was not statistically signifi-
cant). The correlation between levC and RNFL thickness
(r=-0.7539; p < 0.0001) and GCC thickness (r = —0.6509;
p = 0.001) in the GG is presented in Fig. 6A,B. This pro-
gression was not observed in the GG during follow-up
(ARNFL and AGCC thicknesses were not statistically
significant). Additionally, as the patients from the GSG
developed visual field defects during the observation pe-
riod which resulted in a change of diagnosis toward glau-
coma, we therefore focused on presenting the changes
in RNFL and GCC thicknesses in the GSG during this
time (Fig. 6C,D).

A o016 B 0.16 Fig. 6. Correlations between
0.14 | 0.14 levC and different clinical
0.12 012k indicator of progression

" = " ’ in glaucomatous (A and B)
Q 0.10 g 0.10 and glaucoma suspect
2 0.08 2 0.08 group (Cand D)
0.06 0.06 levC - coherence level;
0.04 0.04 p - peripheral arterial
' pulsation; S — area
0.02 40 60 80 100 120 0.02 40 60 80 100 120 of the pupil; RNFL - retinal
RNFL [um] GCC [pm] nerve fiber layer;

C D ARNFL - loss of retinal nerve
0.16 0.16 fiber layer; GCC - ganglion
0.14 0.14 GSG cell complex; AGCC - loss

of ganglion cell complex;

0.12 012 GG - glaucoma group;
& 0.10 & 010 GSG - glaucoma suspect
2 008 3 008 - group.

0.06 006

004 004

0.02 0.02 L=

2 4 6 8 10 12 14 2 4 6 8 10 12 14
ARNFL [um] AGCC [um]



1374

Discussion

Taking into account the neuromuscular regulation
of pupil size in a normal iris, the influence of peripheral
arterial pulsation on the pupillary margin of the iris will
be minimal. The situation is different in glaucomatous
eyes, where the non-image-forming pathway that controls
pupil size is impaired due to the loss of ipRGCs (Fig. 1).
In glaucoma, the pupillary margin is affected by peripheral
arterial pulsation, thus periodic changes in pupil size and
shape that are consistent with the heartbeat can be found
in those patients.

While decreased pupil constriction in response to red
or blue stimuli was reported in the glaucoma group,
in the ocular hypertension (OH) group, similar changes
were not found by Kelbsch et al. It is worth mentioning
that in our study, during the 5-year follow-up period all
but 1 patient from the glaucoma suspect group converted
to glaucoma, while in the research published by Kelbsch
et al. no such data is available.® Additionally, the results
of the Ocular Hypertension Treatment Study (OHTS) pro-
vide clinically important information on the rate of con-
version from OH to glaucoma during the 5-year follow-up
period. Quoting the OHTS, “the cumulative probability
of developing primary open angle glaucoma (POAG) was
reduced by 60% among participants randomized to re-
ceive typical ocular hypotensive medication compared
with those randomized to observation (hazard ratio = 0.40;
95% CI = 0.27-0.59). At 60 months, the cumulative prob-
ability of developing POAG was 4.4% in the medication
group and 9.5% in the observation group”.?> Assuming that
the German group included 16 patients with OH, only 1
or 2 of them would convert to glaucoma over the 5 years
of follow-up if left untreated.

In a paper by Calcagni et al.,?® heart rate, blood pres-
sure, respiration, peripheral blood flow, and pupil di-
ameter were simultaneously measured in constant light
conditions in order to determine whether there is any
correlation between those signals, particularly whether
fluctuations in blood pressure contribute to spontaneous
pupil fluctuations. It was noted that stimulation of the ca-
rotid baroreceptors induced pupil size fluctuations.
On the other hand, taking into account that the sympa-
thetic pathway of non-image-forming input signals from
ipRGCs are led through the carotid plexus, it is likely that
carotid sinus baroreceptors are stimulated at the same
time as the carotid plexus axons from non-image-forming
homonymous hemiretinal signals. Due to this probability,
it is an extremely difficult task to distinguish between
those 2 stimulations.

In the current study, we report on 5 years of follow-up
observation of changes in RNFL and GCC thickness.
In the GG, the rate of thickness change ARNFLY was
0.94 pum/year, while for AGCCY it was 0.66 um/year.
However, in the GSG, both measurements were higher:
1.26 pm/year and 1.34 pm/year for ARNFLY and AGCCY

M. Szmigiel, et al. Pupil autoregulation impairment in glaucoma

thicknesses, respectively. Similar results for glaucoma-
tous patients were presented by Hammel et al. In their
work, glaucomatous eyes were characterized by a mean
rate of global circumpapillary ARNFLY thickness change
of —0.98 um/year and a normalized global circumpapillary
ARNEFLY change of —1.7%/year. Changes in RNFL thick-
ness occurred significantly faster than the average macu-
lar GCC change (—0.57 pm/year) and normalized macu-
lar GCC change (-1.3%/year).?* In a paper by Kim et al.,
RNFL and GCC thicknesses were observed over a 3-year
period and the rates were estimated to be on the level
of —=1.23 um/year and 1.53 pm/year, respectively.?> Addi-
tionally, the temporal relationship between GCCloss and
RNFL loss in glaucomatous patients was confirmed.?>2°
It is important to mention that in our work, we also ob-
served a patient who was considered a glaucoma suspect
at the beginning of the study and who converted to glau-
coma during the follow-up period. In the GSG, the RNFL
and GCC losses were greater than in the GG; however, this
patient was not treated prior to their conversion. In this
regard, interesting studies were published by Sehi et al.
and Miki et al. In their work, Sehi et al. observed 310
glaucoma suspects and pre-perimetic glaucoma patients
for over 3.3 years. In 89 eyes, visual field progression was
found, and RNFL progression was reported in 101 eyes.
Miki et al. compared 454 eyes of 294 glaucoma suspects
during a 2.2-year follow-up period. The estimated mean
rate of global RNFL loss was significantly faster in eyes
developing visual field defects compared with eyes that
did not (-2.02 um/year vs —0.82 pum/year; p < 0.001).2%2
We found slightly less deterioration in RNFL thickness
than has been previously presented, though our study
group was smaller and we introduced treatment with 2
anti-glaucoma drugs at once. This approach may play
an important role in the early inhibition of GCC and
RNFL loss.

This is the first time the coherence level between periph-
eral arterial pulsation and change in pupil geometry was
measured. To the best of our knowledge, this is the first
attempt to relate changes in the neuronal signaling path-
ways in glaucoma to the vascular-dependent changes
of pupil geometry. The findings suggest that this approach
could be used to define which glaucoma suspect patients
have alterations in the autoregulation of pupil geometry
which increase their likelihood of converting to glaucoma.
This alternate autoregulation of pupil geometry might be
due to autonomic system impairment in the eye, but this
hypothesis needs to be examined further. In the future,
the methodology presented by our group can open up
a wide range of new approaches to glaucoma neurode-
generation. Further research is still needed, including
electrophysiological tests. It is worth mentioning that
the measurement is relatively brief — 12 s. Additionally,
during recording no provocative tests, such as flashes
of red or blue light under specific conditions, were required
to evoke ipRGC potentials.
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Abstract

Background. Poland is considered among the European countries with an average incidence of cervical
cancer (CC; about 3,000—3,500/year) and at the same time with high mortality (5-year survival rate — 55.2%).
For this reason, in 2006 Poland introduced a Population-Based Cervical Cancer Prevention and Early Detection
Program addressed to women aged 25—59 years, in which a cytological test is carried out every 3 years.

Objectives. The aim of the study was to assess the changes in the curability of (C patients brought by the in-
troduction of the Screening Program in the Lower Silesian voivodeship and to identify the subpopulation
of women for whom activities aimed at increasing adherence rates must be intensified.

Material and methods. The 5-year relative survival in 3,586 (C patients from 2000—-2010 registered
in the Lower Silesian Cancer Registry was analyzed.

Results. In the Lower Silesian voivodeship, a 55.1% 5-year survival rate was recorded in 2000—2004 and
70.5% in 2010. The highest increase in 5-year relative survival rates was found in rural communities (from
531% in 2000—2004 to 77.7% in 2010) and in Wroctaw (56.8% and 74.2%, respectively). In the study
group, the number of patients with invasive (C ((53) detected in the local stage of the disease increased
systematically from 61.5% in 20002004 to 74.3% in 2010.

Conclusions. The introduction of the population-based screening program improved the curability rate in (C
patients in the Lower Silesian voivodeship. In order to maintain the recent positive trends, further education
should be continued, and activities aimed at increasing adherence to screening tests should be intensified,
especially in urban-rural communities.

Key words: cervical cancer, screening tests, cancer epidemiology
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Introduction

Epidemiological statistics list Poland as a country with
an increased risk of cervical cancer (CC), where incidence
and mortality rates are among the highest in the European
Union.!"2 Cervical cancer accounts for about 6.5% of all can-
cers in Polish women; it ranks 6! for incidence and 8t for
mortality. Increased incidence of CC is observed in women
aged over 20 years, and peak incidence falls in the age range
of 49-54 years.! The risk of death from CC in low-income
populations, including these in Poland, is around 2-4%.*
For the above reasons, this issue is of key importance for
social and economic stability of Poland.® In 2006, Poland
introduced the Population-Based Cervical Cancer Preven-
tion and Early Detection Program addressed to women
aged 25-59 years, whose basic aim is to provide women
with a possibility to have a cytology test performed every
3 years free of charge.®” The primary function of cytol-
ogy screening is to diagnose and treat precancerous le-
sions and preinvasive cancer, as well as invasive cancer
at an early stage, which helps avoid the cancer or ensure
effective treatment.>®° In highly developed countries such
as Finland, Germany or Sweden, where screening tests were
introduced back in the 1960s, the mortality rate of CC de-
creased by over 80%.31° However, Poland has not managed
to reach the optimal percentage of target population adher-
ence, hence CC screening is not fully effective yet.!* The fact
that women rarely use screening tests offered by the health-
care system signifies women’s poor health-related awareness
and the lack of effects of educational activities undertaken
by the government and healthcare system.!?

Objectives

The aim of the present study was to assess the changes
in curability (5-year relative survival) of CC patients (C53
— malignant neoplasm of cervix uteri and D06 — carcinoma

D. Zielecka-Debska, et al. Effect of CC screening on 0S in CC patients

in situ of cervix uteri according to ICD-10 classification)
after introduction of the population-based screening
in the Lower Silesian voivodeship, identify the subpopu-
lation of women for whom activities aimed at increasing
adherence to screening tests must be intensified and de-
termine whether there is a positive trend in CC curability
despite low adherence to the screening tests.

Material and methods

The 5-year survival rates in 3,586 CC patients (C53 and
D06) from 2000-2010 as registered in the Lower Sile-
sian Cancer Registry (LSCR) were analyzed. According
to the registry, 271-374 cases were diagnosed annually
in the Lower Silesian voivodeship. To exclude the influ-
ence of age on 5-year survival, the values of relative sur-
vival were calculated based on the life expectancy tables.
Statistical calculations were performed using Microsoft
Excel 2013 (Microsoft Corp., Armonk, USA) and the x? test
with the Yates’s correction.

Ethical permission was not applied because the work
is based on retrospective data from the LSCR. Our re-
search did not have any influence on patient treatment
and survival. No non-routine procedures were performed
in the study, so consent from the patients was not taken.
The data comes from the LSCR, which is a governmental
institution.

Results

The 5-year relative survival rate in CC patients (C53 and
DO06) in the Lower Silesian voivodeship has been increasing
steadily. It increased from 55.1% in 2000-2004 to 60.5%
in 2005-2009, and in 2010 it reached 70.8% (Table 1)
(p < 0.00001). At the same time, the number of cancers
diagnosed at the pre-invasive stage (in situ cancers — D06)

Table 1. Five-year survival in cervical cancer patients in the Lower Silesian voivodeship in 2000-2010

Number S-year Obse.rved ReIaFive Number S-year Obse.rved ReIaFive Number
Year | of C53+D06 survival survival survival of C53 survival survival survival of D06

cancers [%] [%] cancers [%] [%] cancers
2000 311 146 46.9 49.5 301 138 45.8 483 10 32
2001 341 179 52.5 554 332 171 515 544 9 2.6
2002 282 161 571 60.3 279 158 56.6 59.7 3 1.1
2003 271 139 513 54.2 258 127 49.2 519 13 4.8
2004 313 168 53.7 56.7 292 150 514 54.3 21 6.7
2005 314 166 529 55.3 294 148 50.3 52.6 20 6.4
2006 326 173 531 55.5 278 128 46.0 48.1 48 14.7
2007 338 183 54.1 56.5 283 132 46.6 48.7 55 16.3
2008 374 226 604 63.1 275 129 469 49.0 99 26.5
2009 357 230 644 67.3 245 121 494 51.6 112 314
2010 359 242 674 70.8 257 144 56.0 58.8 102 284
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increased in a statistically significant manner in the ana-
lyzed group of patients (p < 0.00001), which greatly im-
proved 5-year survival.

In the group of patients diagnosed with pre-invasive
(D06) and invasive (C53) cancer, an upward trend in 5-year
survival by 1.5% per year in 2000—2010 was observed (lin-
eartrend: y = 1.5 - x + 46.8). We also found a steady increase
in the survival rate in invasive CC (C53) patients by 1%
per year, which is described by the trend y = 0.03 - x + 49.8
(Fig. 1). In the group of patients diagnosed with invasive CC
(C53) alinear reduction in the standardized mortality rate
was observed in the years 2000-2015 (Fig. 2).!> Between
2000 and 2005, in the Lower Silesian voivodeship, an av-
erage number of 142 deaths of women due to invasive CC
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were reported, in 2006—2010 and in 2011-2015 it was 138
and 133, respectively (trend: almost 1 person/year) (Fig. 2).

As the next step, we analyzed the differences in 5-year
relative survival rates depending on the patients’ residence.
The highest increase in relative curability rates was defi-
nitely noted in rural communities (from 53.1% in 2000—
2004 through 61.5% in 2005-2009 to 77.7% in 2010) and
Wroctaw (56.8%, 64.4% and 74.2%, respectively) (Table 2).
The reasons for this were both a higher number of pre-
invasive CC (D06) detected as shown in Table 1 and Ta-
ble 3, and a better prognosis for invasive CC (Table 4). Both
of these were an expected consequence of screening tests.

In the following years, a steady increase in the number
of patients treated at the Lower Silesian Oncology Center

Fig. 1. Five-year
relative survival

in cervical cancer
patients in the Lower
Silesian voivodeship
in 2000-2010

—a— all (C53 and D06)
—— only invasive cancers C53

2006 2007 2008 2009 2010

Fig. 2. Standardized
mortality rate

in invasive cervical
cancer patients

in the Lower
Silesian voivodeship
in 2000-2015"

—e— invasive cancers C53

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
year
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Table 2. C53 and DO6 (relative) survival by administrative unit

2000-2004 2005-2009

Administrative unit number 5-year number 5-year number 5-year

of cancers survival of cancers survival of cancers survival
Urban community of Wroctaw 321 172 56.8 389 236 64.4 68 48 74.2
Other urban communities 560 306 576 611 327 56.7 132 87 68.8
Rural community 296 150 531 293 171 61.5 69 52 777
Town in an urban-rural community 208 95 49.0 222 128 60.5 43 25 60.9
Rural area in an urban-rural community 133 70 554 194 116 63.1 47 30 67.7

Table 3. Incidence of D06 in situ cancers

2000-2004 2005-2009

Administrative unit number number number number number number

of all of D06 of all of D06 of all of D06

cancers cancers cancers cancers cancers cancers
Urban community of Wroctaw 321 6 19 389 96 247 68 17 250
Other urban communities 560 25 4.5 611 104 17.0 132 40 303
Rural community 296 n 37 293 56 191 69 24 348
Town in an urban-rural community 208 6 29 222 35 15.8 43 10 233
Rural area in an urban-rural community 133 8 6.0 194 43 222 47 11 234

Table 4. Only invasive cancers C53 (relative) survival by administrative unit

2000-2004 2005-2009

Administrative unit number 5-year number 5-year number 5-year

of cancers survival of cancers survival of cancers survival
Urban community of Wroctaw 315 167 56.3 293 148 544 51 32 66.8
Other urban communities 535 284 56.1 507 225 474 92 48 533
Rural community 285 141 519 237 116 52.1 45 28 64.5
Town in an urban-rural community 202 89 474 187 94 531 33 17 54.5
Rural area in an urban-rural community 125 63 532 151 75 53.1 36 19 569

Table 5. Number of patients treated at LSOC by place of residence

2005-2009
Administrative unit number number of patients number number of patients
of cancers treated at LSOC of cancers treated at LSOC
Urban community of Wroctaw 389 212 54.5 68 52 76.5
Other urban communities 611 179 293 132 63 477
Rural community 293 127 43.3 69 40 58.0
Town in an urban-rural community 222 91 41.0 43 32 744
Village in an urban-rural community 194 74 38.1 47 31 66.0
Total 1,709 683 40.0 359 218 60.7

* treated at LSOC by any method, also after surgery performed outside LSOC (but receiving radiotherapy and/or chemotherapy at LSOC); LSOC — Lower
Silesian Oncology Center.

in Wroctaw (LSOC), which is the referral center for Lower consultation to a full-profile reference center and then
Silesia, was observed. In 2005-2009, 40% of all CC patients received treatment at the LSOC.
from Lower Silesia were treated at the LSOC, whereas Table 5 shows the percentage of patients treated at the LSOC

in 2010 this number was as high as 60.7%. Such a large by place of residence. Treatment in the LSOC was most often
change in the number of patients treated at the LSOC selected by residents of Wroctaw (54.5% in 2005-2009 and
probably resulted from the fact that the patients who had 76.5% in 2010), while residents of small and medium-sized
undergone screening were referred for multi-specialist towns were treated in the LSOC the least frequently (29.3%
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Table 6. Five-year (relative) survival, any treatment method, all cancers (C53 and D06)

Period Treated at LSOC >-year

survival
2005-2009 683 463
2010 218 141

‘ [%] Treated only outside LSOC ‘ S—ygar

survival
70.8 1,026 515 535
67.5 141 101 75.0

LSOC - Lower Silesian Oncology Center.

Table 7. Five-year (relative) survival rates, any treatment used, only invasive cancers (C53)

Period Treated at LSOC >-year

survival
2005-2009 536 322
2010 175 102

Treated only outside LSOC ‘ >-year

survival
63.2 839 336 43.2
61.2 82 42 55.1

LSOC - Lower Silesian Oncology Center.

in 2005-2009 and 47.7% in 2010), which was most probably
due to the fact that municipal hospitals have departments
dedicated to the care of gynecology patients.

Another factor that was analyzed was the impact of experi-
ence of the hospital center where the patients received treat-
ment on the curability. Firstly, it is worth noting that before
2008 the LSOC was the only entity that provided oncologi-
cal radiotherapy services in the Lower Silesian voivodeship.
Surgical procedures and systemic treatment in the analyzed
period were carried out in various centers in the voivode-
ship, including the LSOC. Out of the 3,586 patients reported
to the LSCR, 1,831 had undergone a surgical procedure, ra-
diotherapy was used in 1,915 patients and 1,022 patients
received systemic therapy. No treatment was used in 181 (5%)
patients out of the 3,586 patients diagnosed with CC — these
were the patients who were not eligible for treatment due
to comorbidities or advanced disease. This data was excluded
from the analysis. In the study period, we found a significant
increase of the 5-year survival rate in the patients treated
outside the LSOC (from 53.5% to 75.0%) (Table 6). This in-
crease was undoubtedly attributed to the higher percent-
age of in situ cancers (D06) that were detected and treated,
as well as a decreasing percentage of patients with invasive CC
in this group (C53 accounted for 58.2% of diagnoses). By con-
trast, in patients referred to the reference center (LSOC) for
treatment, invasive cancers (C53) still accounted for a high
percentage of diagnoses (as high as 80.3%) (Tables 6,7).
At the same time, prognosis in patients with invasive CC
(C53) who were treated outside the LSOC remained signifi-
cantly worse, with 5-year survival of 43.2% in 2005-2009 and
55.1% in 2010, whereas in patients treated at the LSOC it was
63.2% in 2005—-2009 and 61.2% in 2010 (Table 7). The analysis
showed that the treatment results discussed above, namely
the 5-year-survival rate in patients with invasive CC (C53)
treated outside the LSOC in the study period (2005-2010),
were statistically lower (p < 0.00001) than for the patients
treated at the LSOC. We observed a systematic increase
of the percentage, from 61.5% in 2000—-2004 through 68.7%
in 2005-2009 to 74.3% in 2010, of patients with invasive
CC (C53) detected in the local stage of the disease (Table 8).

Table 8. Advancement of invasive cervical cancer (C53)

. Number and Local Regional Metastatic
Period . . .
percentage disease disease disease

2000— n 643 227 176
2004 % 615 217 16.8
2005— n 748 184 157
2009 % 68.7 169 144

n 159 31 24
2010

% 74.3 14.5 1.2

In 2005-2009 in the Lower Silesian voivodeship, we record-
ed a 63.2% 5-year survival rate among patients diagnosed
with invasive CC (C53) treated at the LSOC, and a 43.2%
5-year survival rate in patients treated outside the LSOC.
In this group, 69% were patients diagnosed with the local
stage of the disease, 17% — with regional stage of the disease
and 14% — with generalized disease (Table 9). According
to the 25" Annual FIGO (Fédération internationale de gyné-
cologie et d'obstétrique — International Federation of Gyne-
cology and Obstetrics) Report, in Europe the 5-year survival
rate in patients with invasive CC (C53) is 82% for the local,
42% for regional and 17% for generalized stages.!* Taking
into account the disease advancement data, the expected
relative survival rates in patients from our voivodeship can
be calculated using the European standard': 0.69 - 82% +
0.17 - 42% + 0.14 - 17% = 66.1%.

The above calculations suggest that 5-year survival rate
in the patients receiving treatment at the reference center
(LSOC) is at the European level (63.2%). Unfortunately,
amuch worse prognosis is observed in the patients treated
outside the LSOC (43.2%).

Discussion

About 60,000 new cases of CC are diagnosed each year
in Europe and as many as half of those patients die.!> Large-
scale studies have shown that screening in women aged
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Table 9. Five-year relative survival (RSC) in 1995-1999 and 2000-2007%">?

RSC RSC Trerae
Country 1995-1999 2000-2007 (%]
[%] [%]

Northern Europe 71.6 71.5 —-0.1
Denmark 69.5 70.7 1.2
Finland 679 69.0 1.1
Iceland 76.7 84.6 79
Norway 728 756 2.8
Sweden 71.0 69.9 =11

UK and Ireland 65.2 66.6 14
Ireland 65.3 66.3 1.0
UK (England) 65.2 66.8 1.6
UK (Northern Ireland) 68.6 71.8 3.2
UK (Scotland) 67.5 66.1 -14
UK (Wales) 59.3 63.1 3.8

Central Europe 69.2 68.0 -1.2
Austria 67.5 68.3 0.8
Belgium 69.3 70.2 09
France 69.6 63.5 —6.1
Germany 65.0 66.8 1.8
Switzerland 70.6 66.7 -39
the Netherlands 73.2 70.3 -29

Southern Europe 65.3 66.9 1.6
Croatia = 68.0 =
[taly 65.6 66.8 1.2
Malta 64.8 54.7 =111
Portugal 580 63.8 58
Slovenia 71.8 75.5 37
Spain 66.1 66.1 0

Eastern Europe 63.7 60.3 —-34
Bulgaria - 54.8 -
Czech Republic 720 67.1 —49
Estonia - 65.6 -
Latvia = 520 =
Lithuania - 589 -
Poland* 53.3 55.2 19
Slovakia 65.8 66.5 0.7

European average 64.7 654 0.7

* Lower Silesian and Swietokrzyskie voivodeship as well as city of Krakéw
participated in the study.

21-65 years with a cytology test significantly reduces the CC
incidence and mortality rate.'®'” Although widely available,
free-of-charge prophylactic cytology tests has been avail-
able in Poland for a few years and access to diagnostic tests
has become easier, the number of new cases remains high
despite the downward trend.!® The reason behind the low
adherence of the target population to screening cytology
tests is low awareness of the benefits of such tests, as well
as insufficient knowledge among the target group about

D. Zielecka-Debska, et al. Effect of CC screening on 0S in CC patients

the screening tests offered.!*2° It should also be underlined
that some cases of CC develop despite women’s participa-
tion in screening (adenocarcinomas), and some of the cases
occur in groups not covered by regular screening.!® In order
to compare the effectiveness of conducted activities aimed
at reducing mortality from malignant neoplasms, EURO-
CARE studies were conducted in Europe. In the EURO-
CARE-5 study (2000-2007), an average of 65.4% for 5-year
relative survival was obtained, with the highest values found
in Northern Europe (71.5% on average) and Central Eu-
rope (68%), and the lowest values noted in Eastern Europe
(60.3%).2! In comparison with survival rates in 1995-1999,
no unequivocal increase in survival rates was noted in Eu-
rope or in individual countries (Table 9).22

The 5-year survival rate in Poland in 2000-2007 (55.2%)
was among the lowest in Europe, being almost 10% lower
than the average for Europe, and almost 30% lower than
the average for Iceland.?! In 1995-1999, this rate in Poland
was lower by a further 1.9%.

In the Lower Silesian voivodeship in 2000-2004, rela-
tive survival was 55.1%, in 2005-2009 it was 60.5% and
in 2010 it was 70.5%. It is worth noting that if a survival rate
of over 70% is maintained in the following years, the Lower
Silesian voivodeship may rank high in the planned EU-
ROCARE-6 study because only 8 European countries
had a rate value of over 70% (Table 9) in EUROCARE-5.2!
Considering the upward trend in detecting in situ can-
cers, an extremely beneficial effect of population-based
screening on 5-year survival rate in CC patients is observed
(Table 4). The highest increase in the relative curability
rates was noted among patients residing in rural commu-
nities (from 53.1% in 2000-2004 through 61.5% in 2005—
2009 to 77.7% in 2010) and in Wroctaw. While in the case
of Wroctaw better results may be attributed to easily avail-
able cytology test and screening information, the deciding
factor in rural communes might have been the provision
of free of charge medical service and significantly and
gradually rising public awareness regarding cancer preven-
tion. At the same time, it is unclear why such a major effect
of screening was not observed in communal towns, i.e.,
small and medium-sized towns. The higher 5-year survival
rate in CC patients was accompanied by a higher percent-
age of patients undergoing treatment at the LSOC. In 2010,
compared to 2005-2009, the number of patients treated
at the LSOC increased by over 20% from 40% to 60.7%
of all cancer patients in the Lower Silesian voivodeship.
The authors believe that centralized therapy in the center
with the most extensive experience in the treatment of CC
contributed to better treatment outcomes for the patients.

Conclusions

The 5-year survival rate in 2000-2007 in Poland (55.2%)
was among the lowest ones in Europe, being almost 10%
lower than the European average. In the Lower Silesian
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voivodeship, a 55.1% 5-year survival rate was recorded
in 2000-2004, 60.5% in 2005-2009 and 70.5% in 2010.
The highest increase in relative survival rates was found
in rural communities (from 53.1% in 20002004 through
61.5% in 2005-2009 to 77.7% in 2010) and in Wroclaw
(56.8%, 64.4% and 74.2%, respectively). In the group under
study, the number of patients with invasive CC (C53) detect-
ed in the local stage of the disease increased systematically
from 61.5% in 2000-2004 through 68.7% in 2005-2009
to 74.3% in 2010. Five-year relative survival rates in Lower
Silesian patients receiving treatment at the LSOC (63.2%
and 61.2%) were significantly better than those in pa-
tients treated in other centers (43.2% and 55.1%) and close
to the expected relative survival rates for Lower Silesian
patients with invasive cancers (66.1%). In conclusion, the in-
troduction of the population-based screening program
improved the curability rate for CC patients in the Lower
Silesian voivodeship. However, to ensure that the recent
positive trends are continued, women must be educated fur-
ther, and activities aimed at increasing adherence to screen-
ing tests must be intensified, particularly in urban-rural
communities. At the same time, patients diagnosed with CC
must be systemically referred to highly specialized centers
where comprehensive treatment is provided.
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Abstract

Background. Phenylketonuria (PKU) is a metabolic disease. It is manifested by a complete or partial in-
ability to convert phenylalanine (Phe) to tyrosine and leads to increased concentrations of Phe in the blood
and in other tissues, including the brain, causing irreversible neurological damage if left untreated. Low-
phenylalanine diet is a key component of classical PKU therapy.

Objectives. The objective of this study was to assess the effectiveness of classical phenylketonuria therapy
and compliance with doctors' recommendations in the first 5 years of life.

Material and methods. Data was collected from all diagnosed and treated patients (n = 57) born
1999-2010. Phenylalanine blood levels, the number of visits to a specialist outpatients” center, the number
of blood tests, as well as socioeconomic status (SES) and parents” education level have been analyzed, and
potential relationships have been assessed.

Results. In the 1% year of ife patients visited their doctors (odds ratio (OR) = 6.8267;95% confidence interval
(95% (1) = 2.827-16.5163; p < 0.0001) and had their blood collected (OR = 2.7875;95% (I = 1.046/—74234;
p < 0.0402) significantly more frequently than in the 2" year. This tendency persisted into subsequent years,
Similarly, in infancy they had statistically significantly lower odds of exceeding more than 40% of their Phe
levels over therapeutic range than 1yearlater (OR = 3.6078; 95% (I = 1.4859—8.7599; p < 0.0046). No PKU
child had more than 70% of Phe levels over the therapeutic range in the 1 year of life, whereas 4 years later
there were 18 such children. Phe levels were correlated with the number of visits to a specialist (p = 0.39)
and the number of Phe blood tests with index of dietary control (p = —0.33). The effectiveness of therapy
and compliance with the doctor’s recommendations seem to depend neither on the level of education
of the patient’s parents nor on their SES.

Conclusions. Therapy effectiveness and patients’ compliance in PKU is very good in infancy. However, both
deteriorate in subsequent years. Moreover, they do not seem to depend on the family background.

Key words: compliance, diet, phenylketonuria, inborn errors of metabolism, phenylalanine
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Introduction

Phenylketonuria (PKU) is currently regarded as a model
inborn error of metabolism, which, if the treatment is not
started immediately after birth, leads to irreversible dam-
age to the central nervous system. Metabolic pediatrics
often uses the experience gained in treating that illness
over the years, from extending screening of the newborn,
through the strategies of medical care for diagnosed pa-
tients, to the control of the effectiveness of the therapy.!
A constitutive element of the strategy of complex care
of patients suffering from PKU is the creation of an effec-
tive system of medical and dietary supervision that allows
the patients to function in society under the conditions
as close as possible to those of their healthy peers. Re-
search conducted over the years has shown certain deficits
in treated patients with PKU. At the same time, however,
we are confident that to achieve the best outcomes, PKU
must be diagnosed early, and the low-phenylalanine (Phe)
diet effectively implemented. The strategy of medical care
for patients with PKU includes, among others, the moni-
toring of the serum Phe levels, effectively planned and car-
ried out visits to a dietician, and medical and psychological
examinations. Both for the parents of a PKU child and
for the doctor, the results of blood tests are the first step
in the evaluation of the effectiveness of the treatment, and
they allow the doctor and parents to modify the child’s diet
in order to achieve the best therapeutic effect.

In 1956 Blainey and Gulliford drew attention to the diet
non-compliance during the homestay of PKU children.?
Because they were among the first specialists working with
PKU patients, one can say that the problems with the diet
compliance are almost as old as the treatment of the dis-
ease itself. On the other hand, despite the time that has
since passed, it is still believed that “compliance assess-
ment measures remain inadequately defined. The direct
assessment of blood Phe concentration is perhaps the best
overall measure, but there is no universal agreement about
the number of Phe concentrations that should be within
target range and frequency or timing of measurement.”

Objectives

The purpose of this article was twofold. Firstly, the ef-
fectiveness of PKU therapy in the first 5 years of life of a pa-
tient has been assessed on the basis of Phe levels in blood,
the compliance with dietary recommendations based
upon the number of visits to a specialist and the num-
ber of blood tests. In particular, we have analyzed how
the values of these parameters change in time, and whether
there is any internal correlation among them. Secondly,
we attempted to verify a hypothesis about a link between
these 3 parameters and the family background of a patient
as expressed by the parental educational level and the so-
cioeconomic status (SES) of the family.

D. Walkowiak, et al. Therapy compliance in children with PKU

Material and methods

A retrospective longitudinal study was conducted
in a group of classical PKU patients, diagnosed from May
1999 to September 2010, who were admitted for diagnosis
and treatment at the Department of Pediatric Gastroen-
terology and Metabolic Diseases at the Poznan University
of Medical Sciences, a reference unit for PKU patients from
western Poland. For the purposes of our analysis, patients
with classical PKU were defined as those who require a low-
phenylalanine diet to maintain plasma Phe levels within
the target range of 2—6 mg% (120-360 pmol/L) and whose
Phe levels without diet exceed 20 mg% (1200 pmol/L).*>
The inclusion criteria were the following: neonatal diagno-
sis carried out with the colorimetric method, classical PKU
diagnosed and continuous treatment for at least 5 years.
The exclusion criterion was a chronic or acute disease
which may influence PKU treatment. Our department
is taking care of 57 PKU patients (37 girls and 20 boys)
born between May 1999 and September 2010. All 57 pa-
tients participated in the study, with no one excluded from
this group. There were 2 more PKU patients diagnosed
in this period: a girl who died at the age of 2 of another
disease, and a boy whose parents after 1 year of diet re-
fused any further treatment for their son.

All records of each patient’s visit to a specialist were
collected from the clinical documentation for comparison
with recommendations regarding the number of visits.
The parents of a PKU child are informed that for the first
3 years of life the child should visit a specialist every
3 months. Later in life the control should be carried out ev-
ery 6 months. The compliance percentages with these rec-
ommendations were calculated for each year of the child’s
life separately. We also collected information about the SES
and educational level of the parents of all the patients.

We evaluated all the blood Phe concentrations collected
during the first 5 years of the children’s lives, with the ex-
ception made for the 15 month, because Phe concentrations
in this period are unstable. For each patient, we counted
the number of tests to compare it with the recommenda-
tions. The 5-year index of dietary control (IDC) was calcu-
lated as the mean of the 12-month medians. The percentage
of Phe concentrations which were within the therapeutic
range was analyzed for each patient and each year of life.

Since this was an exploratory study, sample size was not
calculated and all the available data was gathered. The Sha-
piro—Wilk test was applied to determine the normality
of the data distribution. Results are expressed as medians and
interquartile ranges (IQRs; means +SD). The odds ratio (OR)
was calculated to compare the following: 1) the percentage
of results beyond the therapeutic range taken from the data
from the first 5 years of life, 2) the number of medical visits
and Phe blood sampling (compared were the the results for
the years of life grouped into two groups: one group com-
prising the 1%, the 2"¢ and the 3 year of life, and the oth-
er — the 4™ and the 5™ years, the assumption being that
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recommendations for patients aged 1-3 years differ from
those for 4—5 years of life). The 95% confidence intervals
(95% CI) were calculated to estimate the precision of the OR.

Spearman’s rank correlation coefficient was calculated
to determine possible correlations between, on the one
hand, the educational level of the mother, the education-
al level of the father, the SES of the family and the sex
of the child, and on the other hand, the following param-
eters: the number of visits to a specialist and the frequency
of Phe blood monitoring. Then, possible correlations be-
tween all the 6 abovementioned factors, and both IDC and
the percentage of Phe concentrations within the thera-
peutic range were also tested with Spearman’s coefficient.

The level of significance was set at p < 0.05. Statistical
analysis was performed using STATISTICA v. 12 (StatSoft
Inc., Tulsa, USA).

The study adhered to the Declaration of Helsinki and
was approved by the Bioethical Committee at the Poznan
University of Medical Sciences (approval No. 268/15).

Results

During the first 5 years of life, 57 PKU children visited
a specialist 806 times and had their blood monitored for
Phe 7,638 times. The mean number of visits to the spe-
cialist over the first 5 years of life was 14.1 (range: 6-29).

Table 1. Number of visits to a specialist
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In the 1%t year of life, the mean number of visits was 4.7,
decreasing to 2.5 in the 3" year and to 1.7 in the 5" year
(Table 1). As the recommended number of visits was lower
in year 4 and 5, the lowest mean percentage of the recom-
mended number of visits was in the 3'¢ year — 62%.

The mean number of blood Phe monitoring in the 1
year was 44.4 (range: 7-73) (Table 2). In the 5% year,
the mean number of blood Phe monitoring decreased
to 15.3. In the 4" and 5" year, there were children with
no blood Phe monitoring at all. The mean number of blood
Phe monitoring during the first 5 years varied from 21
to 239, so from 10% to 115% of the recommended value,
with the mean value of 137 (66%).

During the 1% year of life, 32 patients out of 57 (56%) had
less than 20% of Phe blood test results over the therapeu-
tic range of 6 mg% (Table 3). During the 5" year of life,
there were only 15 (26%) such patients. We found no PKU
child with more than 70% of Phe blood test results over
the therapeutic range in the 1% year of life. In the 5 year
of life, there were 18 such children. During the 1% year,
the mean value of blood Phe concentrations was 3.6 mg%,
and the median was 3.2 (Table 3). In the consecutive years,
the mean value increased, reaching 7.1 mg% in the 5" year,
and the median increased to 5.7 mg%. The maximum value
was observed in the 4" year (5.9 mg%).

During the 1t year of life, patients had statistically sig-
nificantly lower odds of exceeding Phe therapeutic range

Years of life
range 2-9 0-8
Number of visits median 5 3
to a specialist (IQR) (4-5) -4
mean (SD) 47 (14) 33(14)
Recommended number of visits 4 4
range 50-225 0-200
Number of visit as % median 125 75
of recommendations (IQR) (100-125) (50-100)
mean (SD) 117 (35) 82 (35)

0-7 0-5 0-4 6-29
2 2 2 14
(2-3) (1-3) (1-2) (11-17)
25(1.3) 19 (1.1) 1.7 (0.9) 14.1 (4.4)
4 2 2 16
0-175 0-250 0-200 37-150
50 100 100 87
(50-75) (50-150) (50-100) (69-106)
62 (32) 95 (55) 85 (45) 88 (27)

IQR - interquartile range; SD - standard deviation.

Table 2. Number of Phe blood tests

Years of life
range 7-73 3-58
Number of blood Phe tests m(%iFiSn (354*755) (213:5)
mean (SD) 444 (14.6) 32.5(15.0)
Recommended number of blood tests 52 52
range 13-140 6-11
Number of blood tests as % median 90 65
of recommendations (IOR) (67-106) (40-86)
mean (SD) 85 (28) 62 (29)

1-52 0-48 0-46 21-239
25 15 13 137
(13-36) (10-26) (8-19) (92-175)
24.7 (13.6) 18.1 (10.4) 15.3 (8.6) 134 (54)
52 26 26 208
2-100 0-185 0-177 10-115
48 58 50 66
(25-69) (38-100) (31-73) (44-84)
47 (26) 70 (40) 59 (33) 64 (26)

IQR - interquartile range; SD — standard deviation.
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Table 3. Phe blood levels over the therapeutic range and mean Phe blood concentrations

Number of patients with Phe levels over the therapeutic range

Abnormal results Years oflife
<20%
21-40%
41-70%
>70%

Years of life
Range 14-7.7 26-13.2 1.3-24.7 26-24.7 21-24.8
Median 3.2 4.5 51 59 57
(IQR) (2.6-4.4) (3.6-6.9) (39-89) (4.0-7.4) (4.2-8.3)
Mean (SD) 3.6 (1.6) 5524) 6.5 (4.3) 6.6 (4.2) 71 @4.7)

IQR - interquartile range; SD - standard deviation.

Table 4. Comparison of Phe levels and parental compliance between particular years

Phe levels over therapeutic range (OR (95% Cl))

Years of life
Percentage
2nd Vs 1st 3rd Vs 1st 4th VS 1st 5th Vs 1st
1.8922 2.1943 2.3680 3.5840
(0.8991-3.9823) (1.0359-4.6480) (1.1133-5.0368) (1.6295-7.8829)
0.0930 0.0402 0.0252 0.0015
3.6078 41667 5.1494 5.1494
(1.4859-8.7599) (1.7222-10.0807) (2.1333-12.4299) (2.1333-12.4299)
0.0046 0.0015 0.0003 0.0003
Parental compliance (OR (95% Cl))
Years of life
3rd VS 1st
6.8267 20.0000 29297 1.0751
Visits (2.8217-16.5163) (7.6948-51.9831) (1.2850-6.6795) (0.5099-2.2669)
<0.0001 <0.0001 0.0106 0.8491
2.7875 10.7317 3.8500 3.7143
Phe blood tests (1.0467-74234) (2.3363-49.2947) (0.7638-19.4057) (1.2478-11.0558)

0.0402 0.0023 0.1024 0.0184

OR - odds ratio; Cl — confidence interval.

than later in life (Table 4). Statistically significant OR were Discussion
found between the number of visits to a specialist and
a number of blood Phe tests in the 1%t vs 2"¢ and 3" year

oflife. No relationship was found between, on the one hand,

In this unique study comprising all PKU patients treated
in our department, we aimed to assess the effectiveness

the parental educational level and the SES of the family,
and on the other, the number of visits to the specialist and
the frequency of Phe blood monitoring (Table 5).

Statistically significant correlations were found between,
on the one hand, the percentage of Phe concentrations
within the therapeutic range and IDC, and on the other,
the number of visits to the specialist and the frequency
of Phe blood monitoring (Table 5). No statistically sig-
nificant correlations of the parental educational level and
the SES of the family with the percentage of Phe con-
centrations within the therapeutic range and IDC were
documented.

of therapy and compliance with specialists’ recommenda-
tions in the first years of life. It is worth emphasizing that
although treatment control of PKU patients in infancy was
very good, still many parents did not strictly follow given
dietary recommendations. In subsequent years, signifi-
cant deterioration was observed, which points to the need
of further parental education and intensification of medi-
cal care. Unexpectedly, we did not observe any impact
of parental education or socioeconomic status.

In an analysis of rare diseases, including inborn er-
rors of metabolism, a common obstacle in achieving re-
liable results of tests is the size of the study group and
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Table 5. Correlations between Phe levels, family background and the number of visits and frequency of blood testing

% of measured Phe levels
within therapeutic range

Variable

Number of visits Number of blood tests

Educational level 020 014 _004
of mother

Educational level

of father 0.21 0.12 -0.11
SES 0.18 0.19 -0.12
NI CIEATELS 039 0.003 ~030
to the specialist

Number of blood 026 005 033
tests

0.77 0.08 0.55 0.11 041
0.40 —0.05 0.72 0.02 0.89
0.36 013 0.32 0.20 0.14
0.02 = - = —
0.01 - - - _

Phe — phenylalanine; IDC — index of dietary control; SES — socioeconomic status.

its representativeness for the entire patient population.
If the survey covers only a part of the patient population,
the risk of bias increases. The present study is unique, be-
cause 100% of the treated PKU patients in our hospital were
included in the study and the whole experimental group
was enrolled on the basis of uniform criteria. This allowed
for a reliable assessment of patient compliance (the number
of visits and blood tests, and especially the concentration
of Phe) in the largest PKU patients group to date.

The literature concerning the number of medical vis-
its and practices associated with it during the treatment
of PKU is not too extensive. There is no doubt that of cru-
cial importance is the number and schedule of a PKU
patient’s visits to a specialist, because it is during those
visits that knowledge about the disease is transmitted;
these visits exert a disciplinary influence on the parents
and contribute to the correction of their misconceptions
drawn, e.g., from the Internet. Similarly to the recom-
mendations on the number of blood tests, there are also
recommendations on the minimal frequency of visits
to a specialist. The PKU Consensus Development Con-
ference Statement, released in 2000, suggests “regular and
frequent visits to a PKU clinic”.® The National Society for
Phenylketonuria (UK) recommends as a minimum, until
2 years of life, a 3-monthly review, for patients aged less
than 5 years — a 4-monthly review, and later — a 6-month-
ly review.” German recommendations® suggest at least 1
clinical monitoring per quarter until 4 years of age and
every 3—6 months until 12 years of age. The analysis done
by van Spronsen et al.,” conducted in 17 European PKU
centers in 12 countries, as a suggested frequency of clini-
cal evaluation in the 1 year of life gives from 2 to 12
(with the most frequent value 9), and for the next 3 years
of life from 1 to 6 visits per year (with the most frequent
value being 4). In the recently published European guide-
lines for the diagnosis and management of patients with
PKU,! the researchers suggest a visit to a specialist every
2 months in the 1% year of life, and then twice per year
until 12 years of age. In Poznan, parents are informed that
for the first 3 years of life, children should visit a specialist

every 3 months. Later in life, control should be carried out
every 6 months.

In the group that took part in the present study, the av-
erage number of visits to the specialist in the first 5 years
of life was 14.1 (while the recommended number was 16).
More than 50% of the patients did not comply with the rec-
ommendations. One-third of the visits (269 of 806) took
place in the 1% year of life. A significant part of the ana-
lyzed group also had periods without medical examination,
sometimes even exceeding 1 year. The analysis of the vis-
its is hindered by random events, such as, e.g., infections,
which can cause a temporary increase of Phe in the blood,
and hence should lead to a visit to a specialist. Circum-
stances not directly related to the disease (such as the need
to obtain a certificate for the purposes of the foundation
supporting PKU children) could also have had an impact
on the number of visits. Despite all the factors that in-
fluenced the number of visits in this study, we observed
a significant correlation between the number of visits and
the number of blood tests (p = 0.44 at p = 0.0006). The anal-
ysis of our data disaggregated by years revealed a correla-
tion only in the 3¢, 4" and 5% year of the children’s life.

It is quite difficult to compare our analysis of the num-
ber of Phe blood tests with the results of other studies
due to the different attitudes to research and organization
of healthcare in various countries, as well as to the dif-
ferent ways of presenting the results. One of such studies
was conducted over 1 year in 9 European countries and
in Turkey.! Unfortunately, due to the low number of pa-
tients in the particular age groups in some of the ana-
lyzed countries (in 7 of the countries the surveyed group
of children aged up to 1 year included 6 or fewer children),
it is impossible to make accurate comparisons. While
in the youngest age group (up to 1 year), the median
number of blood tests even exceeded the recommenda-
tions, it decreased in subsequent periods. Moreover, since
the study lasted for only 1 year, there was no follow-up
data. In 2002, the results of the research performed in 4
PKU clinics in the UK and Australia'? were published.
The authors reviewed the available data from the years
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19942000 in a group of 178 patients aged 0—4 years, and
of 137 patients aged 5-9 years. The median percentage
of following the recommendations regarding the number
of Phe blood tests in the first 4 years of life was 81%, with
the IQR 63-90%. For children aged 5-9 years, the me-
dian was 86%, and the IQR 58-113%. In our results for
the Poznan center, the median for the first 5 years of life
was 65%, with the IQR 44—-84%. The same parameters for
the 4-year period were respectively 67% (the median) and
46-86% (IQR). In 2004, Waitzman et al. presented the re-
sults of their analysis of the frequency of Phe blood tests
in 59 patients aged 8 years in 4 PKU centers in the USA.
The study covered the years 1980-1995.1% The researchers
found that each week of delay in carrying out the Phe test
increased the probability of exceeding the recommended
Phe concentration by 10%. They also emphasized that
the recommendations for test frequency issued by the US
Medical Research Council Working Party on Phenylke-
tonuria* were not supported by any formal analysis. Viau
et al.'>1¢ presented the results of a group of 55 patients,
in which the average annual number of blood Phe samples
was 16.5. The minimum value was 5 and the maximum
was 62. Calculated according to this methodology, the av-
erage for the Poznan center was 26.7, with correspondingly
lower maximum and higher minimum values.

In 2013, Hartnett et al.'” presented data on compliance
to the recommendations regarding the number of Phe tests
in a hospital in Vancouver, Canada. The median percent-
age of compliance in the first 6 months of life of the chil-
dren was 98% (range: 74—125%), until the end of the 1*
year — 87% (55-117%) and until 12 years of age — 90%
(44-127%). One of the conclusions of the Canadian study
was the following: “Concomitant with the increase in Phe
levels, there was a reduced frequency of blood Phe moni-
toring as patients with PKU aged”.!® In the Poznan center,
the median percentage of compliance in the 1% year was
90% (range: 19-140%). In 2011, Cotugno et al.!® observed
a tendency in mothers with lower education to underes-
timate Phe in meals, resulting in missing the target Phe
range. In their study of patients in Brazil, Vieira et al.!’
considered the level of dietary compliance in patients up
to 13 years old to be satisfactory if a patient’s yearly median
of Phe test results was lower than 6 mg%. It was found
that 11 out of the 25 PKU patients in this group adhered
to the diet.

In 1971, Acosta and Wenz?° carried out an analysis
of the diet adherence in a group of 101 PKU children.
As an “excellent” result they defined 75% of the Phe blood
levels within the target range of 2—6 mg%, as a “good” range
—75% of the blood levels within the range of 2-12 mg% and
as “poor” — 75% of the Phe levels above 12 mg%. Notewor-
thy is the fact that the results do not cover the whole range
of potential Phe values. The group with the best results
included 49% of children under 1 year of age. The group
with the worst results included 40% of children over
10 years of age. Children diagnosed early had better blood
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test results. In 1996, Cabalska et al.?! stated that the re-
sults can be considered very good if Phe levels for at least
75% of the observation time are in the range of 4—6 mg%.
The results of Phe were considered good if for at least 75%
of the observation time they were included in the range
of 6-12 mg%. Bad results were those of more than 12 mg%
for 75% of the observation time.

German Collaborative Study of Children Treated for
Phenylketonuria (PKU)?2 in the group of 89 children
as good results described those with a median of 4.3 mg%
in the 1*t and 2™ year of life, and 5 mg% in the 5% (there
were 42 such children). In the intermediate group, 35 chil-
dren were classified, with a median of 5 mg% in the 1%,
5.8 mg% in the 2" and 7.4 mg% in the 5 year of life. Poor
results of 12 children were those with a median of 5.6 mg%
in the 1% year, 7.4 mg% in the 2° and 10.7 mg% in the 5
year. The comparison of our results with the results
of the German Collaborative Study is extremely difficult
due to the passage of time and to the differences in target
blood Phe. Our study showed that the blood Phe level de-
fined in the German study as good was reached by 83% (44
out of 53) of Poznan patients in the 1% year of life, by 51%
(27 out of 53) in the 2" year and up to 43% in the 5™ year.
By comparison, the German results for the first 5 years
of life were 46%. Overall, our results confirm the find-
ings of the German Collaborative Study that in the 5t
year of life more than 12% of patients have results that
greatly diverge from those suggested in the recommenda-
tions. Somewhat thought-provoking in the German report
was that results with a median over the recommended
Phe levels given in the German recommendations, which
is 4 mg%, were considered good.

Fisch et al.?® presented data from a survey in 111 PKU
clinics in the USA and Canada. In 20% of the surveyed hos-
pitals, the non-compliance level was 20 mg%, in 13% of hos-
pitals — 15 mg% and in 28% of hospitals — 10 mg%. In the 1°
year of life, 43% of children had target Phe blood level under
5 mg%, and 51% — between 6 and 10 mg%. Van Spronsen
et al.! recommend out-of-the-ordinary intervention, such
as increased intensity of monitoring or social worker super-
vision, if in patients under 12 years of age more than 50%
of Phe concentrations are out of the target range for at least
6 months. Hartnett et al.l” presented the Phe test results
from the years 1991-2009. The authors assumed that good
Phe control was when more than 60% of Phe test results
were within the treatment range (2—6 mg%); fair control
— with 30—60% such results; and poor control — when less
than 30% of Phe tests were within the treatment range.
Of the 33 patients in the 1% year of life, 13 had good re-
sults, 16 — fair and 4 — poor. In the group from 2 to 6 years
of age, 11 out of 29 patients had good results, 17 — fair and
1 — poor. In 12 patients (36%), the average concentration
of Phe from the 2"! month of life to the end of the 1° year
exceeded 6 mg%; till the 6 year of life 8 (26%) such patients
were found. In the Poznan center, there were 15% (8 of 53)
of children between 2 and 12 months of life with an average
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Phe concentration higher than 6 mg%, 6 children (11%) had
a good control and 21 (40%) — fair control. The difference
was not statistically significant.

The major strength of this unique study is that all PKU
patients remaining under care in our hospital were in-
cluded. The majority of PKU studies comprised only a part
of all patients remaining under care, which may have re-
sulted in a significant bias, as it is more likely for research-
ers to have access to (and therefore include) patients who
more strictly follow recommendations.

There are several limitations to this study. Firstly,
we have studied the first 5 years of life, and therefore all
the conclusions apply only to the 0-5 years age group.
It would be desirable to expand the study onto older age
groups of PKU patients as well. Secondly, our work fo-
cused on Phe concentrations in blood, the number of visits
to a specialist and the number of blood tests, but we did
not take into account the cognitive and intellectual func-
tions, whose inclusion might have enriched the overall
picture. Thirdly, the possibility cannot be excluded that
patients implement the prescribed diet only shortly before
blood sampling and that the Phe levels measured do not
correspond to the real Phe values in the periods of time
between tests.

In summary, the treatment control of PKU patients
is the best in infancy, although many parents do not
strictly follow the doctors’ advice. In the next 4 years,
over half of the patients fail to visit a specialist as many
times as required, and even more fail to reach the recom-
mended number of blood tests. Similar observations have
been made regarding dietary compliance, as measured
by Phe concentrations. In nearly half of the patients older
than 12 months, similar percentages of correct and incor-
rect Phe concentrations have been detected. The process
of control and therapy does not seem to depend on the level
of education of the patient’s parents, nor on their SES.
Phenylalanine levels, however, remain correlated with
the number of visits to a specialist and the number of Phe
blood tests carried out.

Conclusions

Therapy effectiveness and patients’ compliance in PKU
is very good in infancy. However, both deteriorate in sub-
sequent years. Moreover, they do not seem to depend
on the family background. This reveals the need for sys-
temic improvement of treatment control.
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Abstract

Background. Cyclosporine-A (CsA) is widely used for immunosuppressive therapy in renal transplantation.
Nephrotoxicity is the main dose-limiting undesirable consequence of CsA. Urotensin Il (U-I1), a novel peptide
with a powerful influence on vascular biology, has been added to the list of potential renal vascular regula-
tors. Upregulation of the urotensin receptors and elevation of plasma U-Il levels are thought to possibly play
arolein the etiology of renal failure.

Objectives. The present study examines this hypothesis by evaluating renal function and histology with
regard to the potential role of U-Il and its antagonist, palosuran, in the pathogenesis of CsA-induced neph-
rotoxicity in rats.

Material and methods. Male Sprague—Dawley rats were treated with CsA (15 mg/kg, for 21 days, intra-
peritoneally) or CsA + palosuran (300 mg/kg, for 21 days). Renal function was measured and histopathology,
U-Ilimmunostaining and protein detection with western blotting of the kidneys were performed.

Results. Cyclosporine-A administration caused a marked decline in creatinine clearance (Ccr). Fractional
sodium excretion (FEy,) tended to increase in the CsA-treated rats. Plasma U-Il levels decreased in the CsA-
treated rats. Cyclosporine-A treatment resulted in a marked deterioration in renal histology and an increase
in the expression of U-Il protein in the kidneys. Palosuran’s improvement of renal function manifested
asasignificant decrease in serum creatinine levels and a significant increase in urine creatinine levels, resulting
in a marked increase in Ccr. Palosuran produced a significant normalization of kidney histology and prevented
an increase in U-II expression.

Conclusions. Cyclosporine-A-induced renal impairment was accompanied by an increase in U-Il expression
in kidneys and a contrary decrease in systemic U-Il levels. Palosuran improved the condition of rats suffering
from renal dysfunction by preventing the decrease in renal U-II expression without affecting the systemic
levels of U-II. The protective effect of palosuran in CsA nephrotoxicity is possibly independent of its U-Il
receptor antagonism.

Key words: nephrotoxicity, urotensin-Il, cyclosporine-A, palosuran, experiment
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Introduction

Cyclosporine-A (CsA) is a calcineurine inhibitor that
is widely used for immunosuppressive therapy in renal
transplantation patients.! However, clinical usage of this
immunosuppressant is often restricted by its side effects.
Nephrotoxicity is the main dose-limiting undesirable con-
sequence of CsA treatment, which may lead to irrevers-
ible damage in both glomerular and tubular structures.
Chronic CsA treatment causes functional and structural
nephrotoxicity characterized by glomerular sclerosis,
tubulointerstitial fibrosis and tubular atrophy,? whereas
acute CsA nephrotoxicity induces a reversible reduction
of the glomerular filtration rate (GFR) and renal blood flow,
which is thought to result from afferent arteriolar vaso-
constriction.® The initial vasoconstriction caused by CsA
is related to the imbalance between various modulators
of renal vascular tonus, such as the powerful vasodilators
prostacyclin and nitric oxide** and/or the vasoconstrictor
factors angiotensin II and endothelin.®

Recently, urotensin II (U-II), a novel peptide with po-
tent influences on vascular biology, was added to the list
of potential renal vascular regulators. This peptide has
been defined as the most potent vasoconstrictor to date
and is a ligand for the Gq protein U-II receptor (UTR),
originally known as the GPR14 receptor.” Urotensin II
and UTR are expressed in a large number of tissues and
organs®® and pharmacological studies have shown that
U-II plays a potent vasoactive role in the cardiovascu-
lar system.!®! In addition to its potent direct vascular
actions, U-II contributes to the control of renal func-
tion!2-1® and, therefore, is involved in cardiorenal disease
states. Upregulation of the UTR receptors and eleva-
tion of plasma U-II levels have been postulated to play
a possible role in the etiology of renal failure, congestive
heart failure, diabetes mellitus, and systemic and portal
hypertension.'®-!® This suggestion has led to the devel-
opment of different UTR antagonists in recent years.!”
Among these, the selective UTR antagonist palosuran
(ACT-058362C;1-[2-(4Benzyl-4-hydroxy-piperidin-1-
yl)-ethyl]-3-(2-methyl-quinolin-4-yl)-urea sulfate) has
been shown to display renoprotective properties with
beneficial recruitment on both glomerular and tubu-
lointerstitial damage in experimental models of renal
failure.?®2! In rats with ischemic acute renal failure, acute
administration of palosuran significantly attenuated re-
nal glomerular and tubular dysfunction, prevented in-
creases in serum creatinine concentration and lessened
the decrease in GFR.?! In addition, it has been shown that
chronic palosuran treatment prevented the progressive
increase in albuminuria, renal dysfunction and tubular
and tubulointerstitial lesions in diabetic rats.?!

Given the potential renoprotective effects of palosuran,
we sought to examine whether this UTR antagonist might
be useful in providing protection against CsA-induced
nephrotoxicity. The present study therefore examines this
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hypothesis by evaluating renal function and histology with
regard to the potential role of U-II in the pathogenesis
of CsA-induced nephrotoxicity in rats.

Material and methods
Experiment design

Male Wistar rats (Ege University Animal Center, [zmir,
Turkey) weighing 240-270 g were used in the study in or-
der to exclude the confounding effect of sex-dependent
factors (i.e., fluctuation in estrogen/progesterone levels
during the menstruation cycle). This hormone fluctuation
may influence an experiment, including X-chromosome
and female sex hormone levels. All rats were fed standard
rat food and water ad libitum under controlled environ-
mental conditions (12-hour light/dark photo-period and
a room temperature of 21 +2°C). The rats were randomly
assigned to 5 experimental groups of 6 animals each:

Group 1 (Control): received daily intraperitoneal (i.p.)
injections of saline solution for 21 days;

Group 2 (CsA) received CsA (15 mg kg/day, i.p.) for
21 days??;

Group 3 (CsA+palosuran) received CsA (15 mg kg/day,
i.p.) + palosuran (300 mg/kg/day, orally) for 21 days®};

Group 4 (Vehicle) received a CsA vehicle (40 mg of Cre-
mophor EL dissolved in 33% alcohol, i.p.) at volumes equiv-
alent to corresponding CsA doses for 21 days;

Group 5 (Palosuran) received palosuran (300 mg/kg/day,
orally) with concomitant daily i.p. injections of saline solu-
tion for 21 days.

The CsA used was a commercially available, injectable
preparation (Sandimmune-parenteral®). Palosuran was
dissolved in distilled water and administered directly into
the stomach through an intragastric canulla.

Functional studies

One day prior to sacrifice at the end of the treatment pe-
riod, the rats were kept separately in metabolic cages; urine
samples were collected over a 24-hour period for electro-
lyte and clearance studies. At sacrifice, blood samples were
obtained by direct intracardiac puncture under anesthe-
sia and the kidneys were removed for further studies and
rinsed in ice-cold physiological saline. The blood samples
were immediately centrifuged at 4°C and the plasma sam-
ples were stored at —70°C until the biochemical analysis
was performed.

Urine and plasma analysis

The concentrations of creatinine, sodium and potas-
sium in the urine and plasma were measured with enzy-
matic assay, as were the U-II levels. The creatinine clear-
ance rate (Ccr), the fractional excretion of sodium and



Adv Clin Exp Med. 2019;28(10):1393-1401

the renal failure index were calculated using standard
methods. The Ccr was calculated using the following
formula: Ccr = UV/P/1440, where Ccr is the clearance
in mL/min, U is the 24-hour urinary concentration of cre-
atinine in mg/dL, V is the 24-hour urine volume in mL
and P is the plasma concentration of creatinine in mg/L.
Whole-blood CsA levels were measured using a Cloned
Enzyme Donor Immunoassay (CEDIA; Microgenics Cor-
poration, Fremont, USA) using an automatic analyzer (Hi-
tachi 912, Hitachi Ltd, Tokyo, Japan). Since the last dose
of CsA was given 24 h prior to sacrifice, all CsA levels
measured were trough concentrations (Co).

SDS-PAGE electrophoresis
and western blotting

The kidney tissue was homogenized in lysis buffer
(20 mM of Tris-HCI, pH 7.5, 2 mM of EGTA, 5 mM
of EDTA, 10 mM of dithiothreitol, 0.5 mg/mL of aprotinin,
0.001 mg/mL of pepstatin, 0.001 mg/mL of leupeptin,
and 0.5 mM of PMSF) on ice, then centrifuged at 14,000
rpm at 4°C for 30 min to remove the insoluble pellet.
Protein concentration in the supernatant was measured
spectrophotometrically using the Lowry method. Sixty
micrograms of protein were loaded on 8% SDS-PAGE
gel. The resolved proteins were transferred to 0.2-pm
nitrocellulose membranes and the blots were blocked
in 5% non-fat dried milk for 1 h at 25°C to saturate non-
specific protein binding. The membranes were incubated
with primary antibodies (anti U-II; 20 uL, anti-p-aktin;
1:20,000; Abcam, Cambridge, UK) overnight at 4°C. After
extensive washing, the blots were incubated in horse-
radish peroxidase-linked secondary antibodies (anti-
mouse IgG, 1:10,000 for actin; 1:3,000 for anti U-II) for
1 h at 25°C. The blots were covered with an ECL Plus®
chemiluminescence detection kit (Amersham Pharmacia,
Piscataway, USA) and then exposed to X-ray film. The au-
toradiographs were analyzed with scanning densitom-
etry with subtraction of the background counts measured
outside loaded lanes, and the intensity of the signal was
measured with image analysis software (Image Quant
TL v2003, Amersham Biosciences, Piscataway, USA).
The data is presented as the ratio of U-II band density
to B-actin band density.

Morphology

When the rats were sacrificed, the kidneys were removed,
dissected and immersed in 4% buffered paraformaldehyde
for 24 h at room temperature. The tissues were dehydrated
in a gradual alcohol series (80-95-100%) and embedded
in paraffin. For light microscopy, the paraffin sections were
cut into 5-pm thick slices in microtome (Leica RM 2145;
Leica Camera AG, Wetzlar, Germany) and stained with
hematoxylin and eosin (H&E) to characterize general cel-
lular patterns.
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Immunohistochemistry

Immunocytochemical staining was performed on 5-um
sections of the formaldehyde-fixed, paraffin-embedded
renal tissue. The sections were stained at the same time
to avoid possible variation over time. After deparaffiniza-
tion in xylol and rehydration with distilled water, the sec-
tions were kept in a citrate buffer (0.3% citrate, pH 6.0)
in a microwave oven at 90 W for 5 min and at 360 W for
15 min. After washing the sections in phosphate-buffered
saline (PBS), they were exposed to normal horse serum for
30 min to block nonspecific immunoglobulin transfer, fol-
lowed by overnight incubation with anti-U-II primary anti-
body (dilution 1:1000) at 4°C in a humidified chamber (Ab-
cam, KIMERA Medical, Istanbul). Endogenous peroxidase
activity in the rat kidney was blocked with H,O, (3% in H,O
for 10 min). The sections were then incubated with a bio-
tinylated horse-antimouse secondary antibody (1:200) for
30 min at room temperature and washed with horseradish
peroxidase conjugated streptavidin for 30 min. All sections
were visualized with 3,3"-diaminobenzidine tetrahydro-
chloride/H,0,. Finally, the sections were counterstained
with Mayer’s hemotoxylin, dehydrated in an increasing
series of alcohol (95% for 2 min and 100%, for 2 min x3)
and kept in xylol for 2 min 3 times just before being mount-
ed in Entellan. The stained sections were scanned with
an Olympus BX-51 microscope (Olympus Corp., Tokyo,
USA) and images were taken with an Olympus C-5050
digital camera (Olympus Corp.). The images were analyzed
in Image-Pro Express v. 4.5.1.3 software (Media Cybernet-
ics Inc., Cambridge, UK). All digital quantification (Image-
Pro Plus, v. 6.0, Media Cybernetics Inc.) and assessments
were performed in a blinded manner. Tubular injury was
graded (0-3) based on the presence of tubular atrophy and
the presence/degree of isometric tubular vacuolization:
0 — no changes present, grade 1 — <25% to 50% and grade
3 — >50% tubular injury involvement. Interstitial fibrosis
was scored as a sign of architectural destruction: 0 — no
changes present, grade 1 — 25%, grade 2 — 26% to 50% and
grade 3 — >50% tubular injury involvement.*

Drugs and reagents

The CsA (Sandimmune-parenteral®) was a kind gift from
Novartis (Istanbul, Turkey). The palosuran was obtained
from Actelion Pharmaceutical (Allschwil, Switzerland).
All reagents used for western blotting and immunohisto-
chemistry were of analytical grade.

Data analysis

The results are expressed as mean * standard error of
the mean (SEM) of the groups. The differences between
the means of the groups were assessed by one-way analysis
of variance (ANOVA) with a subsequent Tukey’s test. As-
sociations between different variables were determined
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with linear regression analysis and Spearman’s correlation
coefficient was calculated between these variables. Results
were considered significantly significant when p < 0.05.

Results

Effects of CsA and palosuran on urine
and serum output

The biochemical parameters of all experimental groups
are summarized in Table 1. Injection of CsA at a dose
of 15 mg/kg/day for 21 days resulted in a whole-blood
trough CsA concentration of 1,022.00 +97.10 ng/mL.
Palosuran treatment in the rats decreased the CsA con-
centration significantly (822.08 +115.72 ng/mL; p < 0.05).
However, both concentrations were markedly higher
than the targeted therapeutic concentration of CsA
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Fig. 1. Correlation between serum urotensin-Il (U-Il) and cyclosporine-A
(CsA) levels. Spearman’s rank correlation test revealed a correlation
between serum U-Il levels and CsA levels (R?= 0.428)
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(250-400 ng/mL), indicating that the dosage used in our
study maintained toxic trough concentrations.?* Cyclo-
sporine-A administration caused a marked deterioration
of renal function in the rats, characterized by a significant
decline in Ccr with a concomitant increase in serum cre-
atinine levels. Fractional sodium excretion (FEy,) tended
to increase in the CsA-treated rats; however, the differ-
ence was not statistically significant. No effect of CsA was
found on the other renal functional parameters compared
to the control group. The vehicle of CsA did not signifi-
cantly alter any of the parameters, either.

Administration of palosuran along with CsA led to anim-
provement in renal function, manifested as a significant
decrease in serum creatinine levels and a significant in-
crease in urine creatinine levels, resulting in a marked in-
crease in Ccr. However, FEy, showed a noteworthy decrease
in these animals.

Palosuran caused no significant changes in the param-
eters tested when given to the control rats. The serum and
urine levels of Na and K were comparable among all groups.

Plasma U-II levels were significantly lower in the CsA-
treated rats in comparison to the control rats (Table 1).
However, there was no correlation between the mea-
sured serum levels of CsA and the plasma levels of U-II
in the CsA-treated rats (Fig. 1). Concomitant administra-
tion of palosuran and CsA did not further lower the U-II
levels. The palosuran-treated control rats also revealed no
significant differences in terms of U-II levels when com-
pared to the naive controls.

When the correlation of serum U-II levels with each
parameter used to validate renal function was calculated,
only a negative correlation with serum creatinine level
was found (Fig. 2).

Histopathological changes of kidneys

The photomicrographs of kidneys from all groups are
shown in Fig. 3. The microscopic findings of vehicle-treated

Table 1. Biochemical parameters of experimental groups. Data is expressed as mean +SEM; n = 6 in each group

Parameters Control

Palosuran +

Vehicle
control

‘ CsA + palosuran ‘

Urine volume [mL/day] 515 £1.25 4.27 £0.85 3.36 £0.49 511 £1.23 6.11 £1.31
Urine creatinine [mg/dL] 8730 £13.20 68.58 £9.39 152.60 +£19.25% 78.87 +11.72 7210 +£11.40
Urine Na [mEq/L] 104.62 +£16.75 7294 £1995 63.00 £8.26 100.04 £25.48 86.60 +£14.51
Urine K [mEg/L 165.86 £22.70 140.05 £9.10 189.13 £28.68 145.20 £17.87 180.51 £22.91
Serum creatinine [mg/dL] 0.62 £0.03 1.06 +£0.18% 0.65 +£0.03* 0.54 £0.03 0.56 +£0.02
Serum Na [mEq/L] 139.70 £0.52 141.53 +0.46 140.70 +£0.65 14043 +0.63 142.0 £0.86
Serum K [mEg/L] 541 £0.14 5.84 £0.22 4.87 £0.17 546 £0.12 5.50 £0.03
Cer [mL/min/100 g body weight] 045 +0.02 0.19 £0.03* 0.50 £0.04* 043 £0.06 043 £0.05
FEna [%] 0.53 £0.05 0.71 £0.12 0.19 £0.01%# 0.51 £0.10 1.64 +£0.12*
Plasma urotensin level [ng/mL] 0.57 £0.04 0.30 +0.04* 0.29 +0.06 0.50 £0.04 0.59 +£0.04

*p < 0.05 when compared to the control group; * p < 0.05 when compared to the CsA group. CsA — cyclosporine; Ccr — creatinine clearance; FEy,

- fractional sodium excretion.
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Fig. 2. Correlation between serum urotensin-Il (U-1l) and creatinine (Cr)
levels. Spearman’s rank correlation test revealed a correlation between

serum U-Il levels and Cr levels (R2= 0.133)

rats showed essentially normal architecture. Cyclosporine-
A treatment resulted in a marked deterioration in renal
histology. The sections from the CsA-treated rat kidneys
revealed derangements in both glomerular and tubular
structures. Extensive mononuclear cell infiltration was ob-
served in both perivascular and peritubular areas, mostly
in the mid-cortex and the corticomedullary junctions.
The cortical areas were characterized by diffuse peritubular
capillary congestion and hemorrhagic foci. Vacuolization
signs compatible with dilatation were observed in Bow-
man’s space and the glomeruli. A foamy and vacuolated
appearance of the parenchymal cell cytoplasm was noted
in the distal and — more prominently — in the proximal
tubules, and pyknotic nuclei were found in the tubular cells.
Examination of the medullar sections revealed dilatation
and tubular disintegration in all parts of the loop of Henle.

Simultaneous administration of CsA and palosuran pro-
duced a significant normalization of the kidney histology.
Hemorrhagic foci and peritubular capillary congestion
were seen less in the cortex and areas of mononuclear cell
infiltration were sporadically found in the corticomedul-
lary junction. The glomerular structures did not reveal
signs of dilatation and the diameter of the glomerulus re-
mained normal.

Fig. 3. Representative photomicrographs of histopathological findings in rat kidneys stained with H&E, showing structural renal injury induced with
cyclosporine-A (CsA) and the effect of palosuran treatment: (A) control, (B) CsA, (C) CsA + palosuran, (D) vehicle, and (E) palosuran-treated. Extensive
mononuclear cell infiltration is visible in both the perivascular and peritubular areas. Peritubular capillary congestion and hemorrhagic foci are visible

in the cortex, as well as signs of vacuolization compatible with dilatation in Bowman's space and glomeruli. The foamy appearance characteristic

of vacuolated parenchymal cell cytoplasm is visible in the distal and proximal tubules. Pyknotic nuclei were characteristic in tubular cells. The simultaneous
administration of palosuran and CsA produced a significant normalization of the kidney histology (C). Minimal hemorrhagic foci and peritubular capillary
congestion are visible in the cortex, and scattered areas of mononuclear cell infiltration are present in the corticomedullary junction. The glomerular
structures do not reveal signs of dilatation and the diameter of the glomerulus is normal. The scale bar is 50 p for X100 and 125 i for x40 magnification;

n=4ineach group. Representative experiments are

shown
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Treatment of the rats with palosuran alone did not
significantly affect kidney histology when compared
to the untreated control kidneys; only minimal struc-
tural derangements were observed. The kidneys from
the paloruran-treated rats revealed rare foci of congestion
in perivascular and peritubular areas and sporadic areas
of mononuclear cell infiltration in the corticomedullary
junction. Minimal signs of dilatation and vacuolization
in Bowman’s capsules were observed.

Immunohistochemical findings
of the kidneys

Incubation of kidney sections with an antibody against
Urotensin II caused staining in different regions of the kid-
ney. In control preparations, immunoreactivity was de-
tected predominantly in the proximal tubules and it gradu-
ally decreased in the distal sections (Fig. 4), whereas no
immunostaining was detected in the glomerular struc-
ture. Medullary collecting tubules and the loop of Henle
were stained positively for U-IL. Figure 4B shows that
U-II immunoreactivity was greatest in the CsA-treated
rat kidneys. U-II immunostaining was most remarkable
in the distal and proximal tubules, but also appeared
in the glomerular region. Immunostaining of kidneys
from both palosuran- and vehicle-treated control kidneys
also showed staining in the tubular sections and slight

staining in the glomerular sections, but immunoreactivity
was considerably less when compared to the CsA group.
The expression of U-II decreased dramatically with con-
comitant palosuran and CsA treatment in rat kidneys.
The proximal and distal tubular sections from these rats
showed a staining pattern similar to the control kidneys
except for the minimal staining in the glomeruli.

Effects of palosuran on U-Il protein
expression in renal tissue

Cyclosporine-A treatment resulted in a significant in-
crease in the expression of U-II protein in the kidneys
(p < 0.05, Fig. 5). The addition of palosuran to CsA treat-
ment significantly prevented the increase in U-II ex-
pression (p < 0.05). The administration of a CsA vehicle
or palosuran alone to the rats did not change U-II protein
expression.

Discussion

In the current study, the CsA-treated animals showed
amarked decline in creatinine clearance along with an el-
evation of serum creatinine levels. Histological examina-
tion of the kidneys from these rats revealed derangements
in both the glomerular and tubular structures. These

Fig. 4. Immunohistochemical localization of U-Il in kidney sections of the experimental groups as follows: (A) control, (B) CsA, (C) CsA + palosuran,

(D) vehicle, and (E) palosuran-treated. The CsA-treated animals show remarkable immunostaining in the distal and proximal tubules and in the glomerular
region when compared to controls. The expression of U-Il decreased abundantly with concomitant palosuran treatment in CsA-administered rat

kidneys. The proximal and distal tubular sections from these rats showed a similar staining pattern with the control kidneys except for minimal staining

in the glomerules. Immunostaining of kidneys from both palosuran- and vehicle-treated control kidneys also showed staining in the tubular area and
faintly in the glomerular sections, though immunoreactivity was considerably less when compared to the CsA group. The scale bar is 50 u for X100 and
125 p for x40 magnification; n = 4 in each group. Representative experiments are shown
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Fig. 5. Expression of urotensin Il (U-1l) protein in the kidneys of rats treated
with cyclosporine (CsA) alone and in combination with palosuran for 21 days.
The control group was composed of healthy rats receiving daily intraperito-
neal (i.p.) injections of saline solution for 21 days. The vehicle group received
i.p. injections of 40 mg of Cremophor EL dissolved in 33% alcohol

at volumes equivalent to corresponding CsA doses for 21 days; *p < 0.05
when compared to controls and #p < 0.05 when compared to CsA; n =4

findings are in agreement with the well-known pattern
of acute CsA nephrotoxicity and they support previous
reports on CsA-induced renal dysfunction and morpho-
logical changes.?? Alterations in renal hemodynamics
and glomerular and/or tubular structures play important
roles in CsA-induced renal dysfunction.?> Cyclosporine-
A-induced nephrotoxicity is characterized by a marked
reduction in renal blood flow and a reduction in glomeru-
lar filtration rate, which in turn leads to elevated serum
creatinine levels and decreased serum Ccr.2® Consistent
with these reports, our findings mimicked the initial phase
of CsA-induced renal complications.

The vasoconstrictor effect of CsA on renal vasculature
is involved in chronic CsA nephrotoxicity as well.?” The ma-
jor mechanism of CsA action on GFR is vasoconstriction
in afferent arterioles through the mediation of contractile
factors (i.e., angiotensin II and endothelin).2® We have hy-
pothesized that a newly identified modulator, U-II, may also
contribute to CsA-induced nephrotoxicity and, if so, the se-
lective UTR antagonist palosuran may be useful in prevent-
ing CsA-induced nephrotoxicity. Indeed, palosuran treat-
ment showed a significant improvement in both functional
and structural changes induced by CsA. It prevented a CsA-
induced decrease in Ccr, leading to a concomitant decrease
in serum creatinine. Moreover, the morphological derange-
ments in both the glomerular and tubular structures in-
duced by CsA were attenuated by palosuran treatment.

This data agrees in part with previous data reporting
the possible renoprotective potential of palosuran with
beneficial effects on both glomerular and tubulointer-
stitial damage in renal ischemia/reperfusion?® and dia-
betes-induced renal injury.?! Palosuran increases renal
blood flow without changing the filtration fraction, has
a pre- and post-glomerular vasodilatator effect and delays
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the development of proteinuria and renal damage in dia-
betic rats, thus suggesting a possible role as a U-II receptor
antagonist.?!

Although the impact of U-II on the kidneys is mainly
mediated by its effects on vascular smooth muscle cells,
its direct effect on the renal tubular cells and collecting
ducts should also be considered. The immunolocalization
of UTR in renal tubular cells suggests that U-II may act
as an autocrine or paracrine regulator of the water and elec-
trolyte transport in the tubular cells.!® Our immunohisto-
logical studies revealed increased U-II immunoreactivity
in the CsA-treated rat kidneys. Urotensin Il immunostain-
ing was most notable in the distal and proximal tubules,
though sporadic staining was noticed in the glomerular
region as well. The expression of U-II decreased markedly
in the rat kidneys treated concomitantly with palosuran
and CsA. This finding also suggests a possible relation-
ship between the increased U-1I expression in kidneys and
renal dysfunction. Hence, the expression of U-II mRNA
in the kidney was enhanced in a model of chronic renal
failure in rats.!® The principal site of U-II receptor expres-
sion in a rat kidney is the medulla, especially the tubular
component of the kidney. Urotensin II was found mostly
in the epithelial cells of tubules and ducts, with a greater
density in the distal convoluted tubules in normal human
kidneys; only focal immunoreactivity, however, was found
in the endothelial cells of the glomeruli.!®

Taken together, these findings suggest the possibility
that although glomerular hemodynamic responses appear
to dominate the effect of U-II on renal structures, the renal
U-II system may also play a role in renal tubular function
and electrolyte handling. In our study, palosuran caused
a significant decrease in FEy,, considering the natriuretic
effect of U-IT in CsA-treated rats at first glance. However,
the studies on the role of U-1I on renal electrolyte handling
have provided conflicting results depending on the study
protocols and rat species. For example, bolus injections
of rat U-II in low concentrations leads to dose-related re-
ductions in both GFR and sodium excretion rate, but only
amodest reduction in GFR and no change in sodium excre-
tion has been reported.?® Contrarily, U-II infusion caused
a profound reduction in GFR accompanied by antidiuresis
and antinatriuresis.?® Urotensin-II changes urinary elec-
trolytes in a dose-dependent manner: at lower infusion
rates it reduces electrolyte reabsorption. However, the frac-
tional excretion of electrolytes was not altered by a UTR
antagonist, urantide, suggesting that endogenous U-II may
have little influence on tubular function in different rat
strains.3°

This last observation suggests the possibility that the ef-
fects of exogenously administered U-II do not necessarily
mimic the exact effects of endogenously elevated levels
of the mediator. The same might be true for antagonists
as well, since different UTR antagonists exert different
effects on the functional parameters of tubules regard-
less of the antagonistic capacity.?! For example, palosuran
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treatment caused an increase in sodium excretion in cir-
rhotic bile duct-ligated rats compared with untreated
counterparts.?? This natriuretic effect was accompanied
by an increase in urine volume, an effect that was not ob-
served in our study.

It seems that the effects of UTR antagonists on renal func-
tion do not necessarily have to be attributable to their U-II
antagonistic properties alone, but the unintended effects
of these antagonists should also be taken into account.®
Although palosuran exerted profound effects on both
the functional and morphological parameters of the CsA-
treated kidneys in our study, it did not cause significant
changes on those parameters in the control rats. Thus,
it is highly likely that the protective effect of palosuran
in our model of CsA nephrotoxicity is independent of its
U-II receptor antagonism. Indeed, palosuran inhibits U-II
binding in membrane preparations with nearly equal po-
tency as native U-II; however, its antagonistic activity is sig-
nificantly less in intact cells.>® The dosing regimens used
in the previous nephropathy models in which palosuran
was reported to be effective?® were unable to inhibit rat U-II
in vitro and the data from these studies does not convinc-
ingly demonstrate selective in vivo UTR blockade by palo-
suran.'> Moreover, recent studies have revealed that several
actions of palosuran could not be replicated using another
UTR antagonist, SB-701411.3%3> These observations taken
together suggest a lack of UTR receptor affinity and an “off-
target” effect of palosuran in its renoprotective properties.

Cyclosporine-A treatment decreased mean serum U-II
levels significantly and U-II levels demonstrated a negative
correlation with serum creatinine levels, suggesting that
the U-II system was potentially downregulated in the CsA-
treated rats. However, the measured serum levels of CsA
did not show any correlation with the plasma levels of U-II.
On the other hand, although palosuran attenuated the de-
rangements in functional and morphological parameters
of CsA-induced renal dysfunction, it did not affect the de-
creased plasma U-II levels. These findings strengthen the hy-
pothesis that the beneficial effect of palosuran observed
in the present study was independent of its U-II receptor
antagonism. It is well-known that there are differences
in plasma U-II concentration between healthy subjects and
patients with renal'” and heart failure.?®3” However, it has
been controversial whether the U-II system in the kidney
acts protectively or harmfully in kidney diseases. Although
U-II levels are usually higher in patients than in controls,
higher levels can also be found in renal transplant patients3?
and they may correlate well with a decreased chance of ad-
verse outcome, suggesting a protective role of U-II against
cardiovascular events in renal disease states.33-49 Mosenkis
etal. observed that plasma U-II concentrations were higher
in controls than in subjects with end-stage renal disease un-
dergoing hemodialysis or those with chronic renal disease,
and that U-II correlated negatively with serum creatinine
and positively with Ccr, suggesting a positive correlation
between U-II concentration and renal function.®
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The kidney is a major source of U-II, and urinary concen-
trations of U-II are significantly higher with renal tubular
disease due to either reduced renal clearance or increased
renal production.® When acute symptoms arise, U-II
is temporarily upregulated in order to repair the damage
caused, but it later returns to its normal levels. This would
explain how the upregulation of U-Il is an inverse predictor
of adverse clinical outcome in patients with acute coronary
syndromes.?* Chronically high U-II levels, on the other
hand, can lead to the development of several diseases, in-
cluding cardiovascular disease and kidney disease.?!

Conclusions

The present study demonstrated that exposure of healthy
rats to toxic doses of CsA for 21 days resulted in a dete-
rioration of both renal glomerular and tubular functions
as well as a drop in Ccr. Cyclosporine-A-induced renal
impairment was accompanied by an increase in U-II ex-
pression in kidneys and a contrary decrease in systemic
U-IIlevels. The UTR antagonist palosuran mitigated renal
dysfunction by preventing the decrease in renal U-II ex-
pression without affecting systemic levels of U-II. Its lack
of an effect on the U-II system suggests that local U-II
expression in the kidneys contributes to CsA-induced re-
nal impairment. The protective effect of palosuran in our
model of CsA nephrotoxicity is possibly independent of its
U-II receptor antagonism, meaning that further research
should be conducted to define the actual mechanisms
of palosuran’s action in various disease models.

Ethics approval and consent
to participate

The project was approved by the Local Animal Care
and Ethics Committee of Ege University, whose policies
conform to the Guide for the Care and Use of Laboratory
Animals published by the US National Institutes of Health
(NIH Publication No. 85-23, revised 1996) and the pres-
ent study was approved by the Institutional Animal Ethi-
cal Committee of Ege University (License No. 2010-26,
26/02/2010).
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Abstract

Background. Echocardiographic epicardial adipose tissue (EAT) thickness is defined as the thickness
of the low-isoechoic area on the free wall of the right ventricle in the parasternal long-axis and short-axis
views. Recent studies have suggested that it might support current risk stratification strategies in identifying
an increased risk of metabolic syndrome.

Objectives. The aim of this study is to explore a new measurement site which can better reflect EAT thick-
ness and to assess its value in predicting metabolic syndrome.

Material and methods. A total of 975 Chinese adults were measured for EAT thickness on the right
ventricular anterior free wall (EAT-rv) and on the anterior interventricular groove (EAT-ivg) with echocardiog-
raphy. The correlation between EAT thickness and metabolic syndrome was analyzed, as was the agreement
between epicardial adipose volume (EAV) and EAT thickness. Independent risk factors of EAT thickness were
identified and the predictive value of EAT thickness was assessed.

Results. Epicardial adipose tissue thickness was higher in older participants and those with obesity, dia-
betes, hypertension, hypertriglyceridemia, and metabolic syndrome, and it was lower in male participants.
The EAT-ivg was higherin the participants with hypo-high-density-lipoprotein cholesterolemia than in those
without the disorder, but the EAT-rv values were not statistically different. The kappa value was 0.524 between
EAT-rv and EAV, and 0.783 between EAT-ivg and EAV. Advanced age, large waist circumference and female
gender were independent risk factors of high EAT-ivg, while high-density-lipoprotein (HDL) cholesterol was
a protective factor. The EAT-ivg was associated with metabolic syndrome. The area under the curve of EAT-ivg
applied in predicting metabolic syndrome was greater than that of EAT-rv (0.715 vs 0.648).

Conclusions. The EAT-ivg was more consistent with EAV than EAT-rv, was independently associated with
metabolic syndrome and had a higher value in predicting metabolic syndrome than EAT-rv. Therefore,
the anterior interventricular groove can serve as a new measurement site which better reflects EAT thickness.

Key words: metabolic syndrome, echocardiography, epicardial adipose tissue, consistency, predictive value
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Introduction

Epicardial adipose tissue (EAT) is the visceral thoracic fat
depot that surrounds the heart, located between the myo-
cardium and the visceral pericardium. It has been reported
that EAT is associated with multiple pathological states, in-
cluding metabolic syndrome, T2DM, atrial fibrillation, and
coronary artery disease.!” Recent studies have shown that
EAT thickness measured with echocardiography may play
a limited additional role supporting current risk stratifica-
tion strategies in identifying individuals at an increased risk
of metabolic syndrome.*> Moreover, measurements of EAT
thickness attained by echocardiography and computed to-
mography (CT) are inconsistent.®” This fact may be ex-
plained by the poor distribution of EAT at the measurement
site. Echocardiographic EAT thickness has been defined
as the thickness of the low-isoechoic area on the free wall
of the right ventricle in the parasternal long-axis and short-
axis views,%? but the distribution of EAT is unbalanced and
is concentrated primarily in the interventricular and atrio-
ventricular grooves rather than in the free wall of the right
ventricle.” Therefore, there is clinical value in finding a new
measurement site for echocardiographic EAT thickness
which can better reflect the risk of metabolic syndrome.
In addition, Salami et al. have confirmed that there are
significant racial differences in the distribution of EAT.1

A large-sample investigation of EAT thickness in Chinese
adults has not yet been published. In this study, a total of 975
Chinese adults were measured for EAT thickness on the right
ventricular anterior free wall (EAT-rv) and on the anterior
interventricular groove (EAT-ivg). Distribution of EAT and
its consistency with epicardial adipose volume (EAV) were
described, and its independent association with metabolic
syndrome and its value in predicting metabolic syndrome
were analyzed. The aims were to explore a new measurement
site which can better reflect EAT thickness and to assess its
value in predicting metabolic syndrome.

Material and methods
Participants

A total of 986 Chinese adults receiving a general check-up
at the Health Management Center of Shandong Provin-
cial Hospital between January 2017 and September 2017
were enrolled in the study. The exclusion criteria consisted
of the following: 1) age <18 years or >75 years; 2) atrial fibril-
lation; 3) serum creatinine level >2 mg/dL; 4) hypothyroid-
ism; 5) current or past use of glucagon-like peptide (GLP)-1,
SGLT2 inhibitors, thiazolidinediones, fibrates, statins,
or insulins; 6) coronary heart disease; and 7) advanced ma-
lignant tumors. Transthoracic 2-dimensional echocardiog-
raphy was performed in all participants, and 11 participants
were excluded because of inadequate image quality. This
study was approved by the ethics committee of Shandong
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Provincial Hospital, China (approval No. 2016024138), and
all participants provided their written informed consent.

Measurement of EAT thickness

Transthoracic 2-dimensional echocardiography was
performed with a Philips iU22 ultrasound system and
an s5-1 matrix-array transducer (Phillips Healthcare, Bothell,
USA) according to the recommendations of the European
and American Societies of Echocardiography.'"!? All par-
ticipants were placed in the left lateral decubitus posi-
tion. Ultrasonic images were stored in specialized work-
stations where EAT thickness was measured by the same
reader. According to recommendations by lacobellis et al.,
EAT thickness on the right ventricular anterior free wall
(EAT-rv) was measured,®® as shown in Fig. 1. In addition,
EAT thickness on the anterior interventricular groove
(EAT-ivg) at the midchordal level and the tip of the pap-
illary muscle from the parasternal short-axis view was
measured as a new measurement site, as shown in Fig. 2.
The average value of 3 cardiac cycles for each echocardio-
graphic view was used for analysis.

Quantification of epicardial
adipose volume

Among these 975 participants, 120 were randomly select-
ed for cardiac dual-source computer tomography (DSCT).
Cardiac DSCT was performed using a 128-slice DSCT
scanner (Siemens AG, Munich, Germany). Image recon-
structions were performed at 75% RR intervals. A density
ranging from —30 to —190 Hounsfield units was employed
to identify adipose tissue. The pericardium was manually
traced from the right pulmonary artery to the diaphragm
in order to determine a region of interest. Epicardial adi-
pose volume was assessed using a dedicated workstation
(Syngo.via v. VB10A; Siemens) by the same experienced
CT diagnostic physician.

Diagnosis of metabolic syndrome

Metabolic syndrome was determined according to the
recommendations of the Chinese Diabetes Society,' in-
cluding: 1) obesity, i.e., body mass index (BMI) >25 kg/m?;
2) fasting blood glucose level 6.1 mmol/L or the use of an-
tidiabetic medication; 3) triglyceride level =1.7 mmol/L;
4) high-density-lipoprotein (HDL) cholesterol count
<1.04 mmol/L; and 5) blood pressure higher than 130/85
mm Hg or the use of hypotension medication. Metabolic
syndrome was diagnosed when a patient had at least 3
of the above 5 components.

Statistical analysis

All analyses were performed using SPSS software v. 22.0
(IBM Corp., Armonk, USA). Continuous variables with



Adv Clin Exp Med. 2019;28(10):1403-1408

PHILIPS

SD Prov.Hospital
FR 47Hz
RS

2D
55%
C 50
P Low
HGen

PHILIPS
SD Prov.Hospital

FR 45Hz
RS

normal distribution were expressed as means * standard
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lis test. Non-conditional logistic regression analysis was
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Fig. 1. Measurement of EAT-rv
on the right ventricular anterior
free wall during end-systole,
according to recommendations
by lacobellis et al. The red

line shows the measurement
distance

TIS0.9

Fig. 2. Measurement of EAT-ivg
on the anterior interventricular
groove in the parasternal short-
axis view. The red line shows
the measurement distance

TIS0.7 MI 1.4

were grouped according to tertiles, and consistency was
determined with « statistics. Ordered logistic regression
was used to identify independent risk factors of EAT thick-
ness (quartiles). The predictive value of EAT thickness was
evaluated with a receiver operating characteristic (ROC)
curve, and the areas under the curve (AUC) were compared
with the Z-test. Significance was set at p < 0.05.
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Results
Distribution of EAT thickness

The mean age of all participants (n = 975) was 55.58
+11.78 years; their EAT-rv was 3.01 (2.09-3.90) and their
EAT-ivg was 5.27 (4.01-6.86). EAT-ivg was greater than
EAT-rv (p < 0.05). The distribution of EAT thickness in all
participants is shown in Table 1. Epicardial adipose tissue
thickness was higher in older participants and in those
with obesity, diabetes, hypertension, hypertriglyceridemia,
and metabolic syndrome; it was lower among the male
participants. However, EAT-ivg was higher in participants
with hypo-high-density-lipoprotein cholesterolemia than
in those without this condition, and EAT-rv was not statis-
tically different between the participants with and without
hypo-high-density-lipoprotein cholesterolemia.

Table 1. Distribution of EAT thickness in all participants (data expressed
as median (P25-P75))

Parameter | n | EAT-rv [mm)] | EAT-ivg [mm]
Sex
male 431 2.66 (2.02-3.65) 5.19 (3.70-6.63)
female 544 3.17 (2.18-4.05)" 5.38 (4.06-7.21)%
Age [years]
<45 211 2.03 (1.47-2.91) 3.93 (2.65-5.00)
46-55 248 2.63 (2.03-3.48) 5.04 (3.74-6.13)
56-65 282 3.22 (2.36-3.95) 6.07 (4.54-7.26)
66-75 234 3.73 (3.02-4.55)* 6.49 (5.05-8.28)*
BMI [kg/m?]
<239 375 2.78(2.02-3.73) 4.72 (3.28-6.27)
24.0-279 434 3.02 (2.10-3.90) 5.36 (4.08-7.00)
>28 165 341 (2.32-4.35)* 6.41 (4.88-7.92)*
Diabetes
yes 169 3.39(2.32-4.18)* 6.35 (4.29-8.20)*
no 805 292 (2.04-3.82) 5.09 (3.83-6.67)
Hypertension
yes 458 3.35(2.52-4.22)* 6.22 (4.76-7.58)*
no 517 249 (1.92-3.45) 4.23 (3.20-6.16)
Hypertriglyceridemia
yes 354 3.23 (2.30-4.09)* 5.96 (4.42-7.30)*
no 621 2.69 (2.02-3.64) 4.90 (3.49-6.56)
Hypo-high-density-lipoprotein cholesterolemia
yes 212 3.11 (2.10-3.90) 5.72 (4.35-7.18)*
no 763 291 (2.03-3.79) 5.05(3.77-6.82)
Metabolic syndrome
yes 362 342 (248-4.24)* 6.44 (5.04-793)*
no 613 2.67 (2.02-3.63) 4.70 (3.29-6.25)

*p < 0.001; 4p < 0.05. EAT - epicardial adipose tissue; EAT-rv — EAT thickness
on the right ventricular anterior free wall; EAT-ivg — EAT thickness on the
anterior interventricular groove; BMI — body mass index.

Consistency between EAT thickness
and EAV

The k value between EAT-rv and EAV was 0.524
(p < 0.05), and that between EAT-ivg and EAV it was 0.783
(p < 0.05) (Table 2 and 3).

Table 2. Agreement analysis by tertiles of EAT-rv and EAV

Tertiles of EAT-rv [mm]

Tertiles of EAV [mL]

<2.32 2.32-3.65
<453 16 (13.33%) 12 (10.00%) 12 (10.00%)
45.3-66.2 13 (10.83%) 17 (14.17%) 10 (8.33%)
>66.2 11(9.17%) 11(9.17%) 18 (15.00%)

EAT — epicardial adipose tissue; EAT-rv — EAT thickness on the right
ventricular anterior free wall; EAV — epicardial adipose volume.

Table 3. Agreement analysis by tertiles of EAT-ivg and EAV

Tertiles of EAT-ivg [mm]

Tertiles of EAV

[mL] 4.43-6.67
<453 19 (15.83%) 11 (917%) 10 (8.33%)
453-66.2 12 (10.00%) 18 (15.00%) 10 (8.33%)
>66.2 9 (7.50%) 11 (917%) 20 (16.67%)

EAT — epicardial adipose tissue; EAT-ivg — EAT thickness on the anterior
interventricular groove; EAV - epicardial adipose volume.

Risk factors of EAT-ivg

As shown in Table 4, ordered logistic regression analy-
sis showed that advanced age, large waist circumference
and female gender were independent risk factors of high
EAT-ivg, and HDL cholesterol was a protective factor.
On the other hand, BM], triglyceride, HDL cholesterol,
uric acid, creatinine, estimated glomerular filtration rate
(eGFR), and Hbalc levels, hypertension, diabetes, and life-
style (including eating habits, smoking and exercise habit)
were not statistically significant.

Table 4. Risk factors of high EAT-ivg

Wald
statistic

Age [years] 29977
HDL cholesterol [mmol/L] 6.379

Parameter ORs (95% Cl)

p-value

1.061 (1.037-1.086) <0.001
0431 (0.225-0.825) <0.05
1.116 (1.048-1.187) <0.05
2.674 (1.559-4.587) <0.001

Waist circumference [cm] 11.283

Female gender 13.642

OR - odds ratio; 95% Cl — 95% confidence interval; HDL cholesterol — high-
density-lipoprotein cholesterol.

Association between EAT thickness
and metabolic syndrome

As shown in Table 5, non-conditional logistic re-
gression analysis revealed that EAT-ivg was associated
with metabolic syndrome, and the crude, age-adjusted,
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Table 5. Association between EAT metrics and metabolic syndrome

Parameter EAT-ivg
Crude OR 1.337 (1.162-1.538) <0.001 1.628 (1.498-1.770) <0.001
Age-adjusted OR 1306 (1.124-1.518) <0.001 1.569 (1.457-1.690) <0.001
Age- and waist-circumference-adjusted OR 1.163 (0.985-1.374) 0.075 1.363 (1.221-1.520) <0.001
Age-, waist-circumference- and BMI-adjusted OR 1.116 (0.938-1.329) 0.217 1.331 (1.182-1.498) <0.001

EAT - epicardial adipose tissue; EAT-rv — EAT thickness on the right ventricular anterior free wall; EAT-ivg — EAT thickness on the anterior interventricular

groove; BMI - body mass index; OR - odds ratio.

age- and waist-circumference-adjusted and age-, waist-
circumference- and BMI-adjusted odds ratios (ORs) were
1.628, 1.529, 1.363, and 1.331, respectively. The EAT-rv
was associated with metabolic syndrome when only age
was adjusted for.

Value of EAT thickness applied
in predicting metabolic syndrome

As shown in Fig. 3, the AUC of EAT-rv applied in predict-
ing metabolic syndrome was 0.648 (standard error: 0.018),
and the AUC of EAT-ivg was 0.715 (standard error: 0.017).
A Z-test showed that the AUC of EAT-ivg was greater than
that of EAT-rv (p < 0.05).

sources
of curves

—— EAT-rv
— EAT-ivg
reference line

0.8 1

0.6

sensitivity

0.4 1

0.2 1

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specifity

Fig. 3. The AUC of EAT-rv and EAT-ivg applied in predicting metabolic
syndrome

Discussion

To our knowledge, this is the first large-scale clinical
study to investigate the distribution of EAT and its as-
sociation with metabolic syndrome. In this study, we ex-
plored a new measurement site for echocardiographic

EAT thickness (EAT-ivg), which was greater than EAT-rv.
The median values for EAT-ivg and EAT-rv were 5.27
(4.01-6.86) and 3.01 (2.09-3.90), respectively. The EAT-rv
values found among our sample of the Chinese popula-
tion were similar to those of South Koreans,'* but lower
than values measured among Caucasians.!® This racial
difference was also confirmed by Fox et al.1® Our results
show that EAT thickness was higher in older people and
lower in males, a finding which is consistent with a study
by Graeff et al.* Both clinical studies and autopsies con-
firmed that EAT thickness significantly correlates with
aging.'>7 As for gender difference, our results were con-
sistent with the study by Baragetti et al.,'® but opposite
to the study by Calabuig et al.!® This discrepancy could be
explained by the fact that the latter study did not include
multivariate analysis.

In 2003, Iacobellis et al. first measured EAT thickness
on the right ventricle anterior free wall (EAT-rv) with echo-
cardiography, which showed an excellent agreement with
MRI epicardial measurements and a significant associa-
tion with metabolic syndrome.® However, the association
was reduced when the size of the study population was
increased and multivariate analysis was performed.*!®
In our study, EAT-rv also lacked a significant correlation
with metabolic syndrome after multivariate analysis, but
EAT-ivg did significantly correlate with metabolic syn-
drome. In addition, the k value between EAT-rv and EAV
was lower than that of EAT-ivg and EAV, and the AUC for
the application of EAT-rv in predicting metabolic syn-
drome was lower than that of EAT-ivg. Therefore, EAT-ivg
is a better index for echocardiographic EAT thickness and
is more valuable in predicting metabolic syndrome.

We also analyzed the independent risk factors of EAT
thickness. In addition to age and sex, waist circumfer-
ence — a commonly used assessment tool for visceral fat
— was also an independent risk factor. This conclusion
is consistent with previous reports.*>!> High-density-
lipoprotein cholesterol is a protective factor of EAT thick-
ness, according to our results. In a cross-sectional study
of 72 hemodialysis patients, a low HDL cholesterol level
was identified as an independent risk factor of elevated
EAT thickness.!” A meta-analysis showed that there was
a highly significant (p < 0.001) correlation between EAT
thickness and HDL cholesterol.> Our results confirm
the previous findings.
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One advantage of this study was employing an echo-
cardiogram to measure EAT thickness in different loca-
tions, and then to compare them with EAV as measured
with CT. The distribution of EAT thickness was asym-
metrical, and the EAT on the anterior interventricular
groove was thicker than on the right ventricle anterior
free wall. We chose the anterior interventricular groove
as the anatomic landmark in the parasternal short-axis
view because this landmark was the most definitive and
had the maximum distribution of EAT we could find us-
ing transthoracic echocardiography. We also compared
EAT-rv and EAT-ivg with EAV. Their « coefficients were
small, which was similar to a study by Kim et al.,?° but
EAT-ivg had a larger k coefficient than EAT-rv. This
meant that EAT-ivg correlated more strongly with EAV
than EAT-rv.

There were also some limitations in our study. Firstly,
the participants were people undergoing physical examina-
tion, which may have led to selection bias. Secondly, car-
diac magnetic resonance is considered the gold standard
and it can more accurately assess epicardial fat than trans-
thoracic echocardiography and cardiac DSCT. However,
it is expensive and difficult to perform in clinical practice
for a large-scale cohort. Thirdly, we did not measure vis-
ceral fat because it is also difficult to measure in a large
population.

Conclusions

In summary, EAT-ivg had a stronger agreement with
EAV than EAT-rv, it was independently associated with
metabolic syndrome and it was more valuable in predicting
metabolic syndrome than EAT-rv. Therefore, the anterior
interventricular groove can serve as a new measurement
site which can better reflect EAT thickness.
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Abstract

Background. Papaverine is used to induce maximal hyperemia for index of coronary microcirculatory
resistance (IMR) measurement in animal experiments, although it can lead to polymorphic ventricular
tachycardia and ventricular fibrillation.

Objectives. This study investigated the effect of an intracoronary (IC) bolus of high adenosine triphosphate
(ATP) and nicorandil doses for IMR measurement and explored the possibility of inducing maximal hyperemia
with an IC alprostadil bolus.

Material and methods. Index of coronary microcirculatory resistance was measured in a hyperemic state
induced by 7 experimental conditions in 21 pigs (IC bolus of papaverine (18 mg), ATP (40 ug, 80 g, 160 g,
and 240 ug), and nicorandil (2 mg and 4 mg)). The 7 conditions were induced sequentially, and the average
IMR was calculated. Because of the long-term hyperemic condition in the pilot experiments, the IMR was
measured 1,3, 5,8, and 10 min after an IC bolus of alprostadil (10 ug) in another 7 pigs.

Results. The IMR induced by 240 g of ATP or 4 mg of nicorandil was not significantly different from that
induced by 18 mg of papaverine (both p > 0.05). A strong linear correlation was observed between IMRs
with papaverine (18 mg) and nicorandil (4 mg) (R?=0.936, p < 0.001) and with papaverine (18 mg) and
ATP (240 g) (R? = 0.838, p < 0.05). The IC bolus of nicorandil (4 mg) produced the smallest changes,
whereas papaverine caused the most significant changes in mean blood pressure and heart rate (p < 0.05).
Tachypnea and transient ST depression were more common with increasing ATP dosages (especially 240 pg).
Alprostadil (5 min) yielded a significant hyperemic response but reduced baseline blood pressure by almost
40% for along time.

Conclusions. Intracoronary bolus administration of 4 mg of nicorandil was better than 18 mg of papa-
verine or 240 ug of ATP for induction of maximal hyperemia and IMR measurement in a pig model, whereas
alprostadil was not suitable for IMR measurement.

Key words: papaverine, alprostadil, adenosine triphosphate, index of microcirculatory resistance, nicorandil
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Introduction

ST-segment elevation myocardial infarction (STEMI)
usually results from acute thrombotic occlusion of a coro-
nary artery and is the leading cause of death or loss of ability
to live independently.! The goal of reperfusion therapy with
fibrinolytic drugs or primary percutaneous coronary inter-
vention (PPCI) is to restore blood flow to ischemic areas.
Although total ischemia times have improved significantly
recently for patients undergoing PPCI, in-hospital mortal-
ity and heart failure have remained virtually unchanged.?
As aresult, addressing coronary microvascular functional
and structural obstructions, which occur frequently even
after prompt epicardial recanalization of the infarct-related
artery and increase the risk of cardiovascular events regard-
less of the epicardial disease status, is an unmet need.?

The index of coronary microcirculatory resistance (IMR)
is a pressure-temperature sensor guidewire-based mea-
surement that is performed during cardiac catherization.*
The IMR is a specific quantitative measurement used to as-
sess coronary microvasculature function and shows a high
predictive capacity for the extent and severity of myocardial
infarction in patients with STEMIL.5% Accurate IMR calcula-
tion requires a maximal steady state of coronary hyperemia.

Papaverine is the most commonly used pharmacologi-
cal agent and the gold standard for induction of maximal
hyperemia in animal experiments.” The peak effect oc-
curs 10-30 s after administration, with a plateau duration
of approx. 45-60 s.8 However, papaverine may induce Q-T
prolongation, which can lead to polymorphic ventricular
tachycardia and ventricular fibrillation.>* In addition,
an intracoronary (IC) bolus of papaverine induces a sig-
nificant increase in coronary venous lactate in both animal
experiments and patients with normal coronary arteries,
which suggests that papaverine may produce myocardial
ischemia.!’"13 Adenosine triphosphate (ATP) is a precursor
of adenosine that has a short half-life in plasma and is rap-
idly degraded into adenosine diphosphate, adenosine mono-
phosphate and adenosine. Significant coronary vasodilation
effects of ATP have been proposed to depend on its degra-
dation to adenosine via stimulation of adenosine receptor
A2aand not the direct action of ATP.1*In a clinical setting,
intravenous ATP (140 pg-kg-min~!) can induce a complete,
true, steady-state hyperemia and enable a pressure pullback
maneuver, although the optimal dosage of ATP adminis-
tered via IC bolus to induce a maximal hyperemic condi-
tion is controversial'®; thus, the ideal dosage of the IC ATP
bolus needs to be further explored. However, no study has
investigated the hyperemic effect induced by larger dosages
of ATP for IMR measurement in animal experiments.

Compared with continuous intravenous infusion of ad-
enosine for IMR measurement, administration of a IC bolus
of nicorandil (2 mg) is a simple, safe and effective method
to induce steady-state hyperemia for invasive physiologi-
cal evaluation in a cardiac catheterization laboratory, but
the effectiveness of larger dosages of nicorandil has not
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been reported.!® Alprostadil, which is a coronary vasodila-
tor that acts on the microvascular system, was reported
to be safe and vasoprotective in patients with pulmonary
hypertension or chronic heart failure.}”8 Therefore, could
alprostadil be a new agent to induce coronary hyperemia?

Due to the difficulty in studying coronary microvascu-
lar dysfunction in patients with STEMI immediately af-
ter PPCI, animal experimentation is the proper research
approach. Therefore, in this study, we used papaverine
as the control group in a pig model to compare the effective-
ness and safety of inducing hyperemia with larger dosages
of ATP and nicorandil and the feasibility and the practi-
cality of inducing coronary hyperemia with an IC bolus
of alprostadil for measurement of the IMR. Our results
provide insights into the optimal administration method
and dosage needed to achieve hyperemia and accurately
measure the IMR in animal experiments.

Material and methods
Protocol

The Institutional Animal Care and Use Committee
of Guangzhou General Hospital of Guangzhou Military
Command approved the study protocol. All studies were
performed in accordance with the Animal Research Re-
porting In Vivo Experiments (ARRIVE) guidelines for

NTG NTG NIG NIG NIG NIG NTG
| | | | | | |

IMR measurements

protocol 1 (n=17)
papaverine first

T

t i t1
PAP ATP  ATP  ATP  ATP  NCR NCR
18mg 40ug 80pg 160pg 240ug 2mg  4mg

NTG NTG NIG NIG NIG NIG NTG
| | l | | l |
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Fig. 1. Outline of the hyperemic stimuli protocol

NTG - nitroglycerine; PAP — papaverine; NCR - nicorandil; ATP — adenosine
triphosphate; ALP — alprostadil; IMR — index of microcirculatory resistance.
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the reporting of animal experiments.!” The IMR was mea-
sured following induction by 7 experimental conditions
in 21 pigs (IC bolus of papaverine (18 mg), ATP (40 pg, 80 pg,
160 pg, and 240 pg) and nicorandil (2 mg and 4 mg)). To ex-
clude the possible influence of the sequence of pharmaco-
logical agents, measurements of the above 3 drugs were
performed in sequential order (i.e., ATP and nicorandil
were followed by papaverine in the 15 measurement, pa-
paverine and ATP were followed by nicorandil in the 2"
measurement, and nicorandil and papaverine were fol-
lowed by ATP in the 3'¢ measurement). In addition, due
to the long hyperemic condition induced in the pilot ex-
periments, the measurement of the IMR induced by 10 ug
of alprostadil was measured in an additional 7 pigs. An IC
bolus of nitroglycerine (200 pg) was administered before
each IMR measurement. Details of the experimental pro-
tocol are summarized in Fig. 1.

Animal preparation

Five days before the measurement, all 28 pigs received
aspirin (5 mg/kg nightly), clopidogrel (5 mg/kg daily), perin-
dopril (4 mg daily), and atorvastatin calcium (20 mg nightly).
General anesthesia was induced by intramuscular injection
of a mixture of ketamine (200 mg), Su-mian-xin (1.5 mL,
mixture of haloperidol, xylidinothiazole and dihydroetor-
phine) and midazolam (10 mg), and then maintained with
amixture of 8 mL of 0.9% sodium chloride, 2 mL of ketamine
(100 mg) and 40 mL of Propofol delivered continuously
with a medical syringe pump through a marginal ear vein
(8-18 mL per h). Oxygen was supplied at a rate of 2 L/min.
Penicillin (4.8 million units) was injected 30 min before
the experiment. After local injection of 10 mL of lidocaine
in the inguinal area, the right femoral artery was exposed
and isolated after skin incision and separation of subcutane-
ous tissue, and then a 6-French (6-F) size sheath was placed
in the artery. A 6-F JR3.5 guide catheter was inserted into
the left coronary artery through the arterial sheath. Then,
the animals were heparinized (100 U/kg IC, with another
2500 U added every h). Finally, a baseline angiography was
performed.

IMR measurement

After calibration, a 0.014-inch-diameter coronary pres-
sure wire (St. Jude Medical Systems, Saint Paul, USA) was
advanced into the distal area of the left anterior descending
coronary artery (LAD). The mean aortic pressure (Pa), mean
distal pressure of the LAD (Pd) and mean transit time (Tmn,
in seconds) of a 3x3 mL bolus of room-temperature saline
injected into the coronary artery were recorded at base-
line through the 6-F guide catheter and the pressure wire.
Then, a mixture of 0.9% sodium chloride and 1 hyperemic
drug was injected into the left coronary artery through
the 6-F JR3.5 guide catheter to induce maximal hyperemia.
When the maximal steady state of coronary hyperemia was
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reached, a 3x3 mL bolus of room-temperature saline was
injected into the coronary artery, and the Pa, Pd and Tmn
were recorded. The IMR was calculated as the mean Tmn
multiplied by the Pd. The next measurement could not be
made until the Pa, Pd and heart rate recovered from the hy-
peremic level to the baseline level after an interval of sev-
eral minutes. Seven conditions were investigated; under
each condition, the IMR was measured as described above
in sequential order, and the average IMR value was calcu-
lated for analyses among the 21 pigs. In addition, the time
of the pressure drop from the basic to the maximal hy-
peremic state and the duration of the maximal hyperemic
condition were recorded under every condition. The IMR
induced by alprostadil (10 pug) was measured in another
7 pigs due to the long hyperemic condition at 1, 3, 5, 8, and
10 min after the IC bolus. In all cases, a 12-lead real-time
electrocardiogram (ECG) monitor system recorded the to-
tal ECG waveform, including the ventricular premature
beats, ventricular tachycardia, ventricular fibrillation and
ECG ST and T wave changes.

Statistical analyses

All statistical analyses were performed using SPSSv. 21.0
(IBM Corp., Armonk, USA). Categorical data was present-
ed as a frequency or a percentage, and differences among
groups were analyzed using the x? test. Continuous data
was presented as medians with standard deviations (SD)
or medians and interquartile ranges (25®-75%). Differences
in the IMR obtained with different hyperemic methods
were analyzed using repeated measures analysis of variance
(ANOVA). If the overall difference was significant, then
a pairwise comparison was conducted. The Bland—Altman
plot of the IMR was used to compare 2 hyperemic effects.
A p-value <0.05 (two-sided) was considered significant.

Results
Study animals

A total of 28 pigs with an average body weight
of 21.2 2.1 kg received IMR measurements. Twenty-one
pigs were induced by papaverine (18 mg) and different doses
of ATP (40 pg, 80 pg, 160 pg, and 240 pg) and nicorandil
(2 mg and 4 mg) through IC bolus administration. Con-
versely, 7 pigs were induced by alprostadil alone. Four pigs
died during the experiment, each due to one of the follow-
ing reasons: hemorrhagic shock, an anesthesia accident, left
main coronary thrombosis, and reperfusion arrhythmia.
A total of 51 measurements were completed for each hy-
peremic drug dosage when the maximal hyperemic condi-
tion was induced in 17 pigs. In another 7 pigs, the time
required for the recovery of the Pa, Pd and heart rate from
the hyperemic to the baseline level after an IC bolus of al-
prostadil was almost 32 min, and a significant hyperemic
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Table 1. Comparison between 4 drugs used to induce hyperemia

Papaverine

18 mg

Nicorandil
4 mg

Alprostadil
10 pg

Male [%]

Body weight [kg]
Death [%]

Baseline Pa [mm Hg]
Baseline Pd [mm Hg]

Baseline HR

FFR

IMR

CFR

Time to the lowest IMR [s]
Plateau time [s]

Tmn [s]

APa [mm Hg]
AHeart rate

R** >20, n [%)]
APR interval [ms]

ST depression, n [%]

Serious AV-nodal block, n [%]

(n=51)

17 (80.9%)
21.7 (19.5-234)
4(14.3%)
110 (101-120)
108 (99-117)
78 (72-85)

0.95 (0.94-0.96)
11.5(9.8-13.1)
4.1 (3.9-4.4)

15.7 (14.0-17.0)

49.0 (49.0-52.0)

0.16 (0.13-0.19)

33(29-36)
38 (32-45)
2(11.7)
0(0)
000
0(0)

(n=51)

(n=7)

Baseline characteristics
17 (80.9%) 17 (80.9%) 7 (100%)
21.7 (19.5-23.4) 21.7 (19.5-23.4) 24.0 (21.5-25.3)
4(14.3%) 4 (14.3%) 0 (0%)
109 (101-118) 110 (102-121) 101 (97-108) 0.21
107 (99-117) 109 (101-118) 98 (91-104) 0.116
80 (75-88) 81 (78-85) 72 (64-77) 0.059
Hyperemic efficacy
0.92 (0.89-0.97) 0.92 (0.90-0.95) 0.95 (0.94-0.96) 0.000
11.6 (10.0-12.9) 11.3(9.2-13.7) 9.6 (7.2-11.5) 0.213
3.6(33-3.8) 4.1 (3.8-43) 3.5(31-3.9)% 0.000
12.8 (11.0-14.0) 17.7 (16.0-20.0) 0.000
24.7 (22.0-27.0) 30.3 (27.0-33.0) 0.000
0.15(0.13-0.17) 0.14 (0.11-0.16) 0.15(0.12-0.16) 0.005
Side effects
26 (20-30) 19 (14-21) 33 (31-39) 0.000
27 (25-29) 20 (18-23) 26 (22-29) 0.000
11 (64.7) 1(59) 7(100)
0(0) 0(0) 000
4(23.5) 0(0) 0(0)
0(0) 0(0) 0(0)

Values given are medians (interquartile range, 25""-75") or rate.
a the value obtained 5 min after alprostadil administration.
*the value obtained 1 min after alprostadil administration.

**R - respiratory rate; Pa — mean aortic pressure; Pd — mean distal pressure of the left anterior descending coronary artery; FFR — fractional flow reserve;
IMR — index of microcirculatory resistance; CFR — coronary flow reserve; Tmn — transit mean time; APa — difference in the mean aortic pressure between
the maximal hyperemic condition and the baseline level; AHR - difference in the heart rate between the maximal hyperemic condition and the baseline

level; AV — nodal block, atrioventricular block.

condition continued for nearly 10 min; therefore, the IMR
was measured 1, 3, 5, 8, and 10 min after alprostadil ad-
ministration. The hyperemic efficacies of the 4 drugs are
presented in Table 1.

IMR induced by ATP

A significant decrease was observed in the IMR with
increasing ATP dosages from 40 pg to 240 pg (p-value
for trend <0.05). No significant difference was observed
in the IMR induced by 240 ug of ATP compared to that in-
duced by 18 mg of papaverine (11.6 +2.2vs 11.5 +2.4, p > 0.05),
but a significant difference was found in the IMRs induced
by 40 pug, 80 ug and 160 pg of ATP (22.2 +7.9, 15.3 +4.5 and
13.2 £3.3, respectively, vs 11.5 2.4, all p < 0.05). A strong
linear correlation was found between the IMRs induced
with the IC bolus of papaverine (18 mg) and ATP (240 pg)
(R? = 0.838, y = 0.812x+2.219, p < 0.05). The agreement
between the 2 sets of measurements was good, with a mean
difference of 0.06 and SD of 0.44. In all measurements,
the values of 1.9% (1/51) of the measurements were beyond

the 95% confidence interval (95% CI). As the ATP dosage
increased, the fractional flow reserve (FFR) gradually de-
creased (p-value for trend <0.05) and the coronary flow
reserve (CFR) increased from the lowest measurement
at the 40 pg dosage to the highest at 240 pg (p-value for
trend <0.05). Similar to the IMR, significant differences
were found in the FFR and CFR induced by 240 pg of ATP
compared with those induced by papaverine (both p < 0.05).
Under the 240 pg dosage, a significant difference in the de-
creases in the mean arterial pressure and heart rate change
were found between papaverine and ATP (p < 0.05). De-
tailed results are illustrated in Fig. 2, 3 and 5.

IMR induced by nicorandil

The IMR induced by nicorandil (2 mg) was higher than
that induced by papaverine (18 mg) (13.6 +2.1 vs 11.5 +2.4,
p < 0.05), whereas the IMR induced by the IC bolus
of nicorandil (4 mg) (11.3 +2.0) was nearly equal to that
induced by the IC bolus of papaverine (18 mg) (11.5 +2.4)
(p = 0.999). A strong linear correlation was found between
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Fig. 2. Comparison of the IMR induced by an IC bolus of ATP, NCR, ALP and
PAP in the non-stenotic LAD

PAP — papaverine; NCR - nicorandil; ATP — adenosine triphosphate;

ALP - alprostadil; IMR — index of microcirculatory resistance.

4 The IMR value was measured under the hyperemic condition 5 min after
administration of alprostadil.

the IMRs with the IC bolus of papaverine (18 mg) and nicor-
andil (4 mg) (R% = 0.936, y = 1.071x — 0.987, p < 0.001).
The agreement between the 2 sets of measurements was
good, with a mean difference of 0.17 and a SD of 0.45. In all
measurements, the values of 3.9% (2/51) of the measure-
ments were beyond the 95% CI. A significant difference
was observed in the FFR between the groups that received
the IC bolus of nicorandil (4 mg) and papaverine (18 mg)
(p < 0.05), but these differences were not found in the CFR
(p > 0.05). Compared to the IC bolus of papaverine, fewer
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Fig. 3. Comparison of the CFR, FFR, APa, and AHR induced by an IC bolus of ATP, NCR, ALP, and PAP in the non-stenotic left coronary artery

CFR - coronary flow reserve; FFR - fractional flow reserve; APa — difference in the mean aortic pressure between the maximal hyperemic condition and
the baseline level; AHR - difference in the heart rate between the maximal hyperemic condition and the baseline level.
The units of ATP40 (ATP80, ATP160, ATP240, ALP10) and NCR2 (NCR4, PAP18) were ug, and mg, respectively.

*Compared with 18 mg of papaverine, p < 0.05.
4 The CFR value obtained 1 min after alprostadil administration.
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Abbreviations are as described in Fig. 1.

changes were detected in the mean blood pressure and
heart rate in the measurements that received the IC bolus
of nicorandil (both p < 0.05). Detailed results are illustrated
in Fig. 2, 3 and 5.
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Individual IMR values among the papaverine (18 mg),
ATP (240 pg) and nicorandil (4 mg) hyperemic induction
groups are shown in Fig. 4.

IMR induced by alprostadil

After receiving an IC bolus of alprostadil (10 pg), the IMR
decreased gradually and bottomed out within 5 min before
increasing slowly. Compared with papaverine, alprosta-
dil yielded a stronger hyperemic response with a lower
IMR (5 min), but the difference did not reach significance
(9.6 £2.2vs 11.5 £2.4, p = 0.639). The IC bolus of alprostadil
caused large changes in the mean blood pressure, including
an almost 40% reduction compared with the baseline blood
pressure, and the heart rate also changed greatly. Detailed
results are illustrated in Fig. 3 and 6.

Side effects during induction
of maximal hyperemia

Of'the 4 drugs, the IC bolus of nicorandil (4 mg) produced
the smallest changes in the mean blood pressure and heart
rate; in contrast, alprostadil and papaverine caused the most
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Fig. 5. Bland—Altman plots (A, B) and correlations (C, D) of IMR induced by an IC bolus of nicorandil (NCR, 4 mg), ATP (240 ug) and papaverine (PAP, 18 mg)

Abbreviations are as described in Fig. 1.
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Fig. 6. Comparison of the IMR, FFR, APa and AHR under hyperemic
conditions at 1, 3, 5, 8, and 10 min after administration of an IC bolus
of alprostadil (10 ug) in the non-stenotic left coronary artery

Abbreviations are as described in Fig. 1.
* Compared with the value obtained 5 min after administration of an IC
bolus of alprostadil, p < 0.05.

significant changes in the mean blood pressure and heart
rate, respectively (p < 0.05). Side effects were more common
with increasing ATP dosages, especially at the 240 pg dose,
including tachypnea and transient ST depression. No sig-
nificant changes in the PR, QRS or QT intervals on the ECG
were noted, even at the highest dose administered, and no
atrioventricular blocks occurred. Detailed results are il-
lustrated in Table 1 and Fig. 3 and 6.

Discussion

In patients with STEMI, coronary microvasculature dys-
function occurs after complete reperfusion with a preva-
lence ranging from 5% to 50%.2° Consistent evidence has
shown that coronary microvasculature dysfunction has
a strong negative impact on the prognosis, including effects
on the potential benefits of percutaneous coronary inter-
vention and an increase in the risk of early post-infarction
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complications, adverse left ventricular remodeling, late-
onset heart failure, and mortality.?'~2% Identifying a simple,
reliable and convenient method to independently diag-
nose coronary microvasculature dysfunction is crucial for
the initiation of timely treatment and effective restoration
of microcirculation function. The IMR is a specific quan-
titative indicator for the assessment of coronary microvas-
culature function that is applied in most physiological as-
sessments of myocardial blood flow but requires a maximal
steady coronary hyperemic condition to achieve accurate
measurement.®?*

Although perfusion of myocardial tissues has been re-
stored in a timely manner and the condition of patients with
STEMI has improved, they remain in critical condition and
still need close observation to maintain life. There are many
difficulties in the study of coronary microvascular dysfunc-
tion in patients with STEMI immediately after reperfusion.
Therefore, investigations of the assessment methods in ani-
mal models and interventional studies of coronary micro-
circulation dysfunction after experimental STEMI could
have great value. An ideal animal model should present
with cardinal signs and pathology that resemble the human
disease. Quality preclinical data offers valuable insights for
translational research. Pigs resemble humans in the context
of minimal preexisting coronary collaterals and similar
coronary anatomy and physiology and, therefore, are com-
monly used in animal experiments of myocardial infarc-
tion.? In this study, we compared the hyperemic effects
of different pharmaceutical agents on IMR measurements
using a pig model.

As a precursor of adenosine, ATP is equivalent to ad-
enosine for both CFR and FFR measurements. The current
recommendation for IC ATP dosing is 60 pg in the left
coronary artery; if necessary, the dosage can be increased
incrementally by 30 pg to a maximum of 150 pg.?¢ How-
ever, the ideal dosage of the IC route is a controversial issue
that has been addressed in several clinical reports.?’30

According to previous reports!*!° that used 18 mg of pa-
paverine as the control group, we compared the differences
in the IMRs induced by 40 pg, 80 pg, 160 pg, and 240 ug
of ATP via the left coronary artery. A significant dose-
dependent relationship was observed with hyperemia, with
the higher dosage yielding a better hyperemic response.
The higher dosage of ATP resulted in a significantly lower
IMR than the lower dosages. The lowest IMR was induced
by 240 pg of ATP, and the highest was induced by 40 ug
of ATP. Based on the IMR measured following IC infusion
of 240 pg of ATP, this condition was the only experimental
condition that generated hyperemia comparable to that ob-
tained with 18 mg of papaverine, whereas 40 pg, 80 pg and
160 pg of ATP did not induce comparable states. Mean-
while, significant differences in the IMR were induced
by the 4 ATP dosages. No difference in the IMR was found
between the groups administered the IC bolus of ATP
(240 pg) and papaverine (18 mg); and a strong linear corre-
lation existed between the IMRs induced with the IC bolus
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of papaverine (18 mg) and ATP (240 pug), although only
1IMR value was beyond the 95% conformance scope. This
result indicated that the hyperemic effects on the IMR in-
duced by the 2 agents were equivalent. Similar to the IMR,
significant differences were found in the FFR and CFR
induced by 240 ug of ATP compared with the effects in-
duced by papaverine. These results showed that the current
recommended dosage of IC ATP is not sufficient in animal
experiments; thus, a higher dosage is essential to ensure
an adequate hyperemic response. This conclusion is sup-
ported by several studies. Jeremias et al. compared the ef-
fect of ATP on the measurement of the CFR in 6 healthy
mongrel dogs. Their results showed a dose-dependent
relationship of the CFR with IC administration of ATP
via the non-stenotic left circumflex coronary artery, with
the largest value induced by the maximal dosage.?” Casella
etal. suggested that an IC bolus dosage up to 150 pg should
be better; for the standard doses, 10% measurement values
may be underestimated.?® Leone et al. demonstrated that
only much higher doses (600 pg) produced real hyperemic
efficacy.” Lower doses of the drug are associated with
an inferior diagnostic accuracy, and thus, a higher dosage
may be required.

The FER dropped slightly as the ATP dosage increased.
The mean FFR values were very similar under all experi-
mental conditions, and the difference between the highest
and lowest values was only 0.04. This finding also differed
from those of some previous studies on epicardial coronary
stenosis,*"*? including angiographically intermediate ste-
nosis, multivessel disease, and sequential stenosis. The dis-
crepancy could result from the epicardial arteries being
normal in our study. This finding indicated that the ef-
fects of different administration dosages on the normal
epicardial coronary artery were similar. Unlike the FFR,
the CFR increased slightly as the ATP dosage increased,
and significant differences in the CFR were observed be-
tween the groups that received the IC bolus of ATP (40 pug,
80 ug and 160 pg) and papaverine (18 mg).

Due to opening of ATP-sensitive potassium channels
in coronary resistant arterioles and its possession of a ni-
trate moiety effect, nicorandil has been used as an anti-
anginal drug for several years.3*-3> Recently, nicorandil has
been used for invasive physiological assessments as a novel
hyperemic agent in the cardiac catheterization laborato-
ry.3%37 In our study, 2 mg of nicorandil yielded a weaker
hyperemic response with a higher IMR than 4 mg of nicor-
andil or 18 mg of papaverine, indicating that maximal
hyperemia in the animal body was not achieved by lower
dosages. No difference in the IMR was induced between
the IC bolus of nicorandil (4 mg) and papaverine (18 mg),
and a strong linear correlation existed between the IMRs
obtained with the IC bolus of papaverine (18 mg) and
nicorandil (4 mg), with only 2 IMR values beyond the 95%
conformance scope. This finding indicated that the hy-
peremic effects on the IMRs induced by the 2 agents were
equivalent. The FFR value induced by 4 mg of nicorandil
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was much lower than that of papaverine, but no significant
difference in the CFR was observed.

Our results showed that the effect of nicorandil on in-
ducing maximal hyperemia appeared to contradict the re-
sults of some previous studies. Jang et al. compared the ef-
fect of nicorandil on the measurement of the IMR and FFR
with adenosine as the clinical agent.!® The study suggested
that the hyperemic effect of an IC bolus of 2 mg was equal
to that of the IV standard dosage of adenosine and was
superior to the effect of an IC bolus of adenosine (80 pg),
Tanaka et al. reported that no further decrease occurred
in the FFR at nicorandil doses over 2 mg.38

Several factors may explain the differences between
the clinical setting and the experimental results, such as in-
trinsic differences in coronary anatomy, differences in drug
metabolism or different heart sizes between pigs and hu-
mans. Some studies have reported that despite the similar-
ity of the coronary arterial system with respect to morphol-
ogy and size and even the capillary diameter between pigs
and humans, slight differences exist.?>3? In addition, in our
study, we used IMR instead of FFR or CFR as the main ob-
servation index, which was different from previous studies.
The IMR is a reliable measurement that has been specifically
dedicated to assessing coronary microvascular dysfunction,
and changes in the IMR reflect fluctuations of the microcir-
culation condition induced by hyperemic agents in the same
vessel. Conversely, as a modification of the translesional
pressure gradient, the FFR detects clinically relevant lumen
narrowing of the epicardial coronary artery.

The IC bolus of nicorandil (4 mg) and ATP (240 pg) were
both slower in reaching maximal hyperemia than papaver-
ine. However, the hyperemic duration was longer than that
obtained with an IC bolus of papaverine. The peak effect
time of maximal coronary hyperemia for ATP (240 ug) and
nicorandil (4 mg) lasted 25 s, whereas the peak effect time
of papaverine was 20 s. In our study, an average of 4 s was
required to finish injecting a 1x3 mL bolus of room-tem-
perature saline into the coronary artery, and thus, the peak
effect time was adequate for experienced hands (but not
new learners) to conduct measurements of a 3x3 mL bolus
of saline during the experiments.

Alprostadil is a potent systemic vasodilator with im-
portant endogenous flow-regulating activity to maintain
blood flow to vital organs.*® This study is the first to evalu-
ate the coronary hyperemic effect of alprostadil via IC
bolus in IMR measurements in pigs. After administration
of an IC bolus of alprostadil, the systemic blood pressure
decreased immediately; the fastest rate reduction was
nearly 30—40% in the first 2 min, and the significantly
lower pressure lasted for more than 10 min. Thirty-two
minutes later, the systemic blood pressure recovered from
the hyperemic condition to the baseline level. As a result,
IMR measurements were performed in an additional 7 pigs
at1,3,5,8,and 10 min after the IC bolus. The maximal hy-
peremic effect of alprostadil occurred 5 min after adminis-
tration. Alprostadil produced a lower IMR than papaverine,
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but the difference in the IMR was not significant between
the 2 drugs. The significant disadvantages of an IC bolus
of alprostadil were drastic fluctuation of blood pressure
and the long hyperemic duration time, which might influ-
ence vital organ perfusion. Thus, administration of an IC
bolus of alprostadil is not suitable to produce a hyperemic
response for IMR measurement.

During the experiments, blood pressure and heart rate
were the most vulnerable measurements. Alprostadil caused
the most severe decrease in the mean blood pressure, and
papaverine led to the largest increase in the heart rate and
decrease in the mean blood pressure. Conversely, an IC
bolus of nicorandil (4 mg) produced the smallest changes
in the mean blood pressure and heart rate, whereas the in-
fluence of ATP was at the mid-level of the 4 pharmaceutical
agents. The most notable side effect of IC administration
of ATP was a slight increase in tachypnea and transient ST
depression. We did not observe any atrioventricular block
or other changes in the PR and QRS intervals on the ECG,
even at the highest dose. Therefore, as a safe and effective
agent, 4 mg of nicorandil seems to be useful in animals with
lower blood pressure, and 240 pg of ATP is a safe and valid
agent to induce hyperemia via IC bolus administration,
although it produced more side effects than nicorandil.

The study has several limitations that need to be ad-
dressed. Firstly, the dose-response relationship could be
further confirmed by including other dosages of ATP, such
as 180 pg, 200 pg or 220 pg. Secondly, we investigated only
the hyperemic state in the left coronary artery in this study
and did not examine that of the right coronary artery. Future
studies will be required to confirm our results in the right
coronary artery. Thirdly, the left coronary arteries of pigs
were normal in this experiment without angiographic steno-
sis (i.e., 40—-70%). Whether the results of normal arteries are
same as those obtained with arteries with lesions is unclear.

Conclusions

In conclusion, both ATP and nicorandil are safe drugs
that can achieve coronary hyperemia for the measurement
of IMR in the left coronary artery; importantly, only higher
dosages (240 pg of ATP or 4 mg of nicorandil) produced
a hyperemic condition equivalent to papaverine in ani-
mal experiments, and nicorandil had fewer side effects
than papaverine and ATP. Alprostadil is not suitable for
inducing maximal hyperemia due to the severe decrease
in blood pressure.
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Abstract

Background. Anemia is associated with adverse outcomes in patients with acute myocardial infarction and
congestive heart failure. Additionally, it has been shown that anemia increases the short-term mortality risk
in patients with acute stroke.

Objectives. The aim of our study was to determine the importance of anemia as a long-term mortality risk
factor by itself or in combination with other risk factors.

Material and methods. We included 390 Caucasian patients with acute ischemic stroke in our study. Their
progress was followed from the day of their admission until their death or a max. of 1,669 days. Stroke and
anemia were defined according to the World Health Organization (WHO) criteria.

Results. Anemia was present in 57 (14.6%) patients. The patients with anemia were older (p < 0.01) and
more likely to be female (p < 0.001). They had higher NIHSS scores on admission (p < 0.001) and discharge
(p < 0.001), lower estimated glomerular filtration rates (eGFRs) (p < 0.001), lower serum LDL cholesterol
(p < 0.01) and lower serum albumin levels (p < 0.001), while their serum C-reactive protein (CRP) levels
were higher (p < 0.001). The Kaplan—Meier curves showed that patients with anemia had higher mortal-
ity (p < 0.001). Cox’s regression analysis revealed that anemia at admission was a predictor of long-term
mortality in these patients (hazard ratio (HR) = 2.448, 95% confidence interval (95% Cl) = 1.773-3490;
p < 0.001). Anemia remained a strong predictor of mortality after adjusting for other risk factors as well.

Conclusions. Anemia was frequent among our patients and was an independent predictor of long-term
mortality even after adjusting for other risk factors.

Key words: risk factors, acute ischemic stroke, anemia, long-term mortality
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Introduction

Cerebral oxygen delivery depends on cerebral blood flow
and arterial oxygen content.! Arterial oxygen content is pri-
marily determined by hemoglobin levels.! Anemia, defined
as low hemoglobin levels, may further impair oxygen deliv-
ery to the brain as well as, being associated with decreased
oxygen-carrying ability, cause an inflammatory response,
impaired cerebrovascular autoregulation and alterations
in blood viscosity."> Anemia is associated with decreased
physical performance or disability and increased mortality
regardless of the underlying cause of the low hemoglobin.>*

In previous studies, it has been shown that anemia is as-
sociated with adverse outcomes in patients with acute myo-
cardial infarction and congestive heart failure.>~” Addition-
ally, it has been found that anemia increases the short-term
mortality risk in patients with stroke. Li et al. in a meta-
analysis of 13 cohort studies, found that anemia was an in-
dependent predictor of unfavorable outcomes in patients
who have had a stroke.® In 11 studies of this meta-analysis,
patients were followed-up after a period of 48 h to 1 year,
while in the remaining studies they were followed-up for
2 or 3 years.® The latter 2 studies were from Taiwan and
included a Chinese population.>!® Data about the effect
of anemia on long-term mortality (over 3 years) in patients
with acute ischemic stroke is lacking, especially among
Caucasians.

The aim of our study was to evaluate the influence
of anemia on long-term mortality in patients suffering
from acute ischemic stroke. The importance of other tra-
ditional and non-traditional factors on mortality risk was
also evaluated.

Patients and methods

We included 390 Caucasian patients with acute ischemic
stroke who were hospitalized at our department from Jan-
uary 2005 to January 2006. Patients were followed from
the day of their admission until their death or for a max.
of 56 months (from 1 to 1,669 days). No patient was lost
to follow-up. Ischemic stroke was defined according to World
Health Organization (WHO) criterial! and was diagnosed
if the patient had had an appropriate clinical event and had
a brain computed tomography (CT) that was either normal
or showed a compatible low-density lesion. Events resolv-
ing completely within 24 h were diagnosed as a transitory
ischemic attack (TTA) and these patients were excluded from
the study. A neurologist reviewed all cases. During admis-
sion, a quantitative measurement of neurological deficit was
performed according to the National Institutes of Health
Stroke Scale (NIHSS1).12 The same measurement was done
on the day of discharge from the hospital (NIHSS2).

We collected blood samples from all patients. At admis-
sion, hemoglobin and serum creatinine were measured with
routine laboratory methods. Anemia was defined using
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the WHO criteria as a blood hemoglobin level <120 g/L
in women and <130 g/L in men.!® The estimated glomeru-
lar filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation.!* All other blood samples were taken in the first
24 h. Serum cholesterol (low-density-lipoprotein choles-
terol (LDL cholesterol)), serum triglyceride, serum glycated
hemoglobin (HbAlc), serum high-sensitivity C-reactive
protein (hsCRP), serum albumin, serum lipoprotein(a), and
serum homocysteine levels were measured with routine
laboratory methods.

Diabetes mellitus was diagnosed if the patient had al-
ready been treated for diabetes mellitus (such information
was obtained using a questionnaire from the patients and/
or their relatives) or if their fasting glucose level during
their hospitalization was higher than 7 mmol/L.!> Arterial
hypertension was diagnosed if the patient had already been
treated for hypertension (according to a questionnaire and/
or their relatives) or if their average blood pressure value
was 2140 mm Hg systolic or 290 mm Hg diastolic, based
on 3 different measurements during hospitalization.!®
In the questionnaire, we also gathered data on smoking
habits in order to divide the patients into 2 subgroups:
current smokers and non-smokers. Atrial fibrillation was
confirmed with a standard 12-lead electrocardiogram.

The study was approved by the National Ethics Com-
mittee of the Republic of Slovenia. Informed consent was
obtained from each patient. The study was carried out
in adherence with the Declaration of Helsinki.

Statistical analysis

SPSS for Windows software v. 24.0.0.0 (IBM Corp.,
Armonk, USA) was used to analyze the data. Arithmetic
mean values and standard deviations (SD) were calculated.
Characteristics of patients with and without anemia were
compared using the t-test or the x? test, where appropriate.
Survival rates in patients with and without anemia were an-
alyzed using Kaplan—Meier survival curves. A Cox multi-
variable regression analysis was used to discover predictors
of long-term mortality. In the 15 model, variables which are
known to be associated with higher mortality in the general
population and/or in stroke patients were included: anemia;
age; gender; presence of hypertension, diabetes or atrial
fibrillation; smoking status; NIHSS1 and NIHSS2 scores;
serum lipid (LDL cholesterol and triglycerides) and serum
HbAlc levels; and eGFRs (CKD-EPI equation). In the 2™
model, along with the previous variables, serum hsCRP and
serum albumin levels were included, since they — as mark-
ers of inflammation/malnutrition — have been associated
with higher mortality in previous studies of stroke patients.
In the 3" model, serum lipoprotein(a) and serum homocys-
teine were added to all of the variables from the 2™ model.
Serum lipoprotein(a) and serum homocysteine are accepted
as newer non-traditional mortality risk factors. A value
of p < 0.05 was considered to be statistically significant.
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Results

In our study, 390 patients with acute ischemic stroke
were included; 183 (46.9%) women and 207 (53.1%) men.
Anemia was present in 57 (14.6%) patients. The baseline
characteristics of all patients and patients with and without
anemia are presented in Table 1.

Patients with anemia were older (p < 0.01) at the onset
of stroke and more likely to be female (p < 0.001); they
had higher NIHSS scores on admission (p < 0.001) and
discharge (p < 0.001), and they had lower eGFRs (p < 0.001)
and lower serum LDL cholesterol (p < 0.01), lower se-
rum albumin (p < 0.001) and higher serum hsCRP levels
(p < 0.001). There was no significant difference in smok-
ing status, the presence of diabetes, hypertension or atrial
fibrillation or serum HbAlc, serum triglyceride, serum
lipoprotein(a), or serum homocysteine levels.

All patients were followed-up from the day of their
admission to the hospital until their death or for a max.
of 1,669 days. During the follow-up period, 191 (49%)
patients died. The Kaplan—Meier survival analysis for
patients with and without anemia showed statistically
different survival curves; patients with anemia had
higher mortality in the observation period (log-rank test;
p < 0.001) (Fig. 1).

The patients who died were more likely to have anemia
(p < 0.001) at the onset of their stroke; they were older
(p < 0.001) and more likely to be female (p < 0.025); they
had higher NIHSS scores on admission (p < 0.001) and
discharge (p < 0.001), lower eGFRs (p < 0.001), lower se-
rum LDL cholesterol (p < 0.007) and serum albumin levels
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Fig. 1. Kaplan—-Meier estimates for the survival of patients with anemia
(broken line) and without anemia (solid line)

(p < 0.001), while they had higher serum hsCRP (p < 0.001)
and serum homocysteine levels (p < 0.001) (Table 2).

There was no significant difference in smoking sta-
tus, the presence of diabetes, hypertension or atrial fi-
brillation or serum HbAlc, serum triglyceride, or serum
lipoprotein(a) levels (Table 2).

According to the Cox regression analysis, anemia
at admission was associated with long-term mortality
in patients suffering from acute ischemic stroke (hazard
ratio (HR) = 2.448, 95% confidence interval (95% CI)
=1.773-3.490; p < 0.001). Anemia also remained a strong

Table 1. Baseline characteristics of the patients included in our study (all patients grouped by presence of anemia)

Variable

All patients

Age [years], mean +SD 7097 £11.64
Gender (women/men), n (%) 183/207 (46.9)
Hypertension (yes/no (%)) 313/77 (80.3)
Diabetes mellitus/presence (yes/no (%)) 100/290 (25.6)
HbA1c [mmol/L], mean +SD 6.39+143
Smoking/presence (yes/no (%)) 61/329 (15.6)
Atrial fibrillation/presence (yes/no (%)) 81/309 (20.8)
NIHSST (score), mean £SD 9.60 £5.31
NIHSS2 (score), mean +=SD 8.07 +744
LDL cholesterol [mmol/L], mean +SD 3.17 £1.08
Triglycerides [mmol/L], mean +SD 192 +2.23
eGFR [mL/min/1.73 m?], mean +SD 63.38 £20.16
hsCRP [mg/L], mean +SD 17.68 £35.91
Albumin [g/L], mean +SD 40.08 £5.05
Lipoprotein(a) [g/L], mean £SD 0.29 +0.36
Homocysteine [umol/L], mean +SD 13.18 +6.23

With anemia Without anemia
74.63 £12.09 70.35 £11.46*
44/13(77.2) 139/194 (41.7)*
47/10 (82.5) 266/67 (79.9)

12/42 (21.0) 88/245 (26.4)
6.43 £1.54 6.38 £1.42
6/52 (10.5) 55/278 (16.5)
9/48 (15.8) 72/261 (21.6)
11.86 +£6.52 9.21 £4.98*
11.28 £7.99 753 £7.21*
2.73+£0.98 3.25 +1.08*
171 £1.54 196 £2.32

54.04 +25.83 64.98 +18.60*
34.87 £44.49 14.73 £33.42*
34.61 £5.27 41.01 £4.38%

0.33 £040 0.28 +0.35
13.96 £5.41 13.05 +6.35

* — statistically significant difference between patients with and without anemia; SD - standard deviation; LDL - low-density lipoprotein; HbAlc
- glycated hemoglobin; NIHSST — National Institutes of Health Stroke Scale at admission; NIHSS2 — National Institutes of Health Stroke Scale at discharge;
eGFR - estimated glomerular filtration rate; hsCRP — high-sensitivity C-reactive protein.
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Table 2. Data of patients included in our study grouped by survival

Variable | Died | Survived | p-value
Anemia (yes/no (%)) 44/147 (23.0) 13/186 (6.5) 0.001
Age [years], mean +SD 7493 £10.39 67.18 £11.53 0.001
Gender (women/men), n (%) 101/90 (52.9) 82/117 (46.2) 0.025
Hypertension (yes/no (%)) 155/36 (81.2) 158/41 (79.4) NS
Diabetes mellitus (yes/no (%)) 52/139 (27.2) 48/151 (24.1) NS
HbATc [mmol/L], mean +SD 6.43 +1.36 6.34 +1.50 NS
Smoking (yes/no (%)) 25/166 (13.1) 36/163 (18.1) NS
Atrial fibrillation (yes/no (%)) 53/138 (27.7) 28/171 (14.0) NS
NIHSST (score), mean +SD 11.95 +8.56 778 £391 0.001
NIHSS2 (score), mean £SD 11.95 £8.56 436 +3.17 0.001
LDL cholesterol [mmol/L], mean =SD 3.02 +0.96 3324117 0.007
Triglycerides [mmol/L], mean +SD 1.73 £1.80 211 £2.56 NS
eGFR [mL/min/1.73 m?], mean £5D 5895 £2147 67.63 £17.87 0.001
hsCRP [mg/L], mean +SD 25.67 £37.87 10.00 £32.18 0.001
Albumin [g/L], mean £SD 38.22 £5.36 41.86 £3.99 0.001
Lipoprotein(a) [g/L], mean £SD 0.28 £0.36 0.29 +0.35 NS
Homocysteine [umol/L], mean £SD 14.25 +7.05 1216 £5.13 0.001

SD - standard deviation; LDL - low-density lipoprotein; HbAlc — glycated hemoglobin; NIHSST — National Institutes of Health Stroke Scale at admission;
NIHSS2 — National Institutes of Health Stroke Scale at discharge; eGFR — estimated glomerular filtration rate; hsCRP - high-sensitivity Greactive protein;
NS - not statistically significant.

Table 3. Predictors of mortality in Cox regression analysis models

e Model 1 Model 2 Model 3
HR (95% CI) HR (95% CI) HR (95% CI)
Anemia ( .23]5'9—?077) 0004 ( .05]6'7—22]‘805) 0029 (10521?800) 003
hep a .02140—41‘,7069) 0001 (1402130—?.5068) 0001 (1.0220—?4‘:)67) 0001
Female gender ( .14566—%.9490) 0008 ( .1;1'?2‘.5580) 0.005 ( ,1415'739523) 0008
LDL cholesterol (047(;)6.%%].978) 0.026 - - - -
eGFR (049;(597%9.998) 0021 (0,95(3)1‘97?4]000) 0049 B -
NIHSS?2 881265 0001 1850 269 0001 185 269 0001

HR - hazard ratio; 95% Cl — 95% confidence interval; LDL — low-density lipoprotein; eGFR — estimated glomerular filtration rate; NIHSST — National Institutes
of Health Stroke Scale at admission; NIHSS2 — National Institutes of Health Stroke Scale at discharge.

Model 1 included anemia, age, gender, the presence of hypertension, diabetes and atrial fibrillation, smoking status and NIHSS1, NIHSS2, serum LDL
cholesterol, serum triglyceride, eGFR (CKD-EPI equation), and serum HbA1c levels. Model 2 included the previous variables plus serum hsCRP and serum
albumin levels. Model 3 included the variables from the 2"¢ model plus serum lipoprotein(a) and serum homocysteine levels.

predictor of mortality in all 3 adjusted Cox regression model, anemia, age, female gender, and NIHSS1 and NIHSS2

models (Table 3). scores were predictors of long-term mortality (Table 3).
With the Cox multivariable regression analysis in the 1*

model, anemia, age, female gender, eGFR, NIHSS1 and NI- . .

HSS2 scores, and serum LDL cholesterol level were predictors Discussion

of long-term mortality (Table 3). In the 2" model, anemia,

age, female gender, eGFR, and NIHSS1 and NIHSS2 scores re- To the best of our knowledge, this is the first study to dem-

mained predictors of long-term mortality (Table 3). In the 31 onstrate the importance of anemia in predicting long-term
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mortality in patients with acute ischemic stroke. In our study,
patients were followed-up from their admission to the hospital
until their death or for a max. of 56 months (up to 1,669 days).
Anemia at admission was more common among patients who
later died than among the patients who survived. The Ka-
plan—Meier survival analysis showed higher mortality among
patients with anemia in the observation period. The stroke
patients with anemia had an increased risk of mortality com-
pared to the patients without anemia in a univariate analy-
sis (HR = 1.949; 95% CI = 1.235-3.077). Anemia remained
an independent predictor of long-term mortality even after
adjustments for known traditional — and some novel, non-
traditional — risk factors (HR = 1.721-1.718) (Table 3).

In some previous studies, inconsistent results about
the impact of anemia on mortality in patients with stroke
have been reported.!®1718 In 2016, a meta-analysis of cohort
studies was published and it was clearly shown that anemia
is an independent risk factor of unfavorable short-term out-
comes in patients who have had a stroke.® Thirteen studies
were included in that meta-analysis.® Patients with acute
ischemic or acute hemorrhagic strokes — or both — were
included.? It is also important to note that 2 of 11 studies
found that anemia is not always associated with mortality.
Sico et al. found that anemia is independently associated
with an outcome only in patients with a less severe stroke,
defined as NIHSS < 10 at admission.!” They suggested a J-
shaped relationship between hematocrit level and a poor
prognosis in patients with severe stroke.!? In a study by Hao
etal., anemia was not an independent predictor of the com-
bined outcome of death and disability at 12 months.?’ In 11
of the studies included in the meta-analysis, patients were
followed-up from 48 h up to 1 year.® In the other 2 studies,
patients were followed-up for 2 or 3 years and the authors
concluded that there were still no long-term effects of ane-
mia at that point.3-1° Both of the latter, longer studies were
from Taiwan and studied a Chinese population.”°

In 2016, a paper by Barlas et al. was published.?! The au-
thors analyzed their own data and conducted a meta-anal-
ysis of some previously published studies. They included
in their retrospective analysis 8,013 stroke patients con-
secutively admitted over 11 years (86.7% had an ischemic
stroke).2! Follow-up was obtained by electronic linkage and
was ended at 365 days for all patients.?! Anemia was associ-
ated with an increased risk of short-term mortality.?! They
included 20 studies in their meta-analysis; in 9 of them,
the patients had ischemic stroke, in 6 studies the patients
had hemorrhagic stroke, and in 5 the patients had suffered
both types of stroke.?! In one study, the patients were fol-
lowed-up on for 3 years, while in all the others the follow-up
period was up to 1 year. The study that lasted for 3 years
was from Taiwan and included a Chinese population. Meta-
analyses of pooled results showed that anemia is associated
with an increased risk of mortality in patients with isch-
emic stroke.?! In our study, the patients were followed for
much longer and this is the only study where Caucasian
patients were followed-up on for more than 1 year.
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The prevalence of anemia in acute stroke patients var-
ies from 0.11% to 39.40%. In a meta-analysis by Li et al,,
the pooled prevalence of anemia was 21.9%.8 In our study,
the prevalence of anemia was 14.6%. This is still significant-
ly higher than the reported prevalence of 7% in the general
elderly population.?? The patients with anemia at admission
were older and more likely to be female and with a higher
neurological deficit (visible in NIHSS). Similar results were
found in some but not all previous studies.!®2%2% In a labo-
ratory analysis, patients with anemia had significantly low-
er eGFRs and lower serum LDL cholesterol, lower serum
albumin and higher serum CRP levels. This laboratory data
suggests that anemia is possibly part of the malnutrition-
inflammation syndrome that is associated with advanced
atherosclerosis.?* This is frequently seen in patients with
renal dysfunction, which was also more common in our
study among patients with anemia.?*?> Old age and renal
dysfunction were also found more frequently in patients
with anemia than in those without, in some previous stud-
ies.1%20 In a study by Milionis et al., old age, lower eGFRs
and lower total cholesterol and higher CRP levels were
found in patients with anemia.?® There was no significant
difference in smoking status or the presence of diabetes,
hypertension or atrial fibrillation in patients with or with-
out anemia in our study. Similar results were found in most
previous studies.!*1%2% In a study by Milionis et al., there
was no difference in the presence of hypertension and
smoking but patients with anemia more frequently suf-
fered from diabetes and atrial fibrillation.?®

During the follow-up period, 49% of our patients died.
Anemia was significantly more frequent among the pa-
tients who died. The patients who died were older and
more likely to be female, they had higher NIHSS scores,
lower eGFRs, lower serum LDL cholesterol and serum al-
bumin levels, while they had higher serum hsCRP and
serum homocysteine levels. In many previous studies
where anemia was not included in the analysis, old age,
higher NIHSS scores and renal dysfunction were predic-
tors of short- and long-term mortality in patients with
acute ischemic stroke.?~%” Laboratory data from our study
— and some previous ones — suggests that mortality, like
anemia, is associated with malnutrition-inflammation syn-
drome.®?* Some other explanations about how anemia
is associated with the outcome of acute ischemic stroke
have also been proposed. Anemia leads to low blood oxy-
gen content, which may cause subsequent cerebral isch-
emia.?® Furthermore, anemia may induce a hyperkinetic
circulatory state and upregulate the endothelial adhesion
molecule genes, which may lead to a thrombus.? In addi-
tion, blood flow augmentation and turbulence may result
in the migration of an existing thrombus, thus produc-
ing an artery-to-artery embolism.?’ Further studies are
needed about the mechanism behind how anemia influ-
ences short- and long-term mortality in patients with acute
ischemic stroke. There is only a single study examining
the relationship between a specific morphological type
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of anemia and mortality.?® In that study, normochromic
normocytic anemia was associated with inpatient mortal-
ity, 90-day mortality and a longer length of hospital stay
in patients with ischemic stroke.?® The study also found
an association between hypochromic microcytic ane-
mia and both 90-day mortality and longer length of stay
in these patients.?° The exact causes of normochromic
normocytic and hypochromic microcytic anemia were
not explained in this study.

Our study had some limitations which should be con-
sidered. Firstly, this is a single-center study. Secondly,
only Caucasians were included in our study, thus limiting
the generalizability of our findings. Thirdly, we had no
information on the etiology or duration of anemia prior
to the stroke or on further treatment during the follow-up
period. The subtypes of anemia were not analyzed. Finally,
the effect of unmeasured confounding variables (frailty,
cognitive function, etc.) or complex interactions between
covariates cannot be ruled out.

Conclusions

Anemia was frequent in patients who suffered from
an acute ischemic stroke. Patients with anemia at admis-
sion had higher mortality during the observation period.
Anemia was an independent predictor of long-term mor-
tality in a univariate analysis and after adjustments for
many other risk factors.
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Abstract

Background. Colorectal cancer (CRC) is a common and lethal disease. Hypertension is the most commonly
reported comorbidity among cancer patients. Data on its incidence and prevalence is very scarce.

Objectives. The aim of the study was to evaluate the prevalence of hypertension and chronic kidney disease
(CKD) in a cohort of 100 consecutive patients with CRC undergoing primary surgical treatment.

Material and methods. The pilot study included 100 consecutive patients with CRC undergoing primary
surgery with curative intent within 1 year in the Department of Oncological Surgery in Biatystok, Poland.
No neoadjuvant therapy was administered before the surgery.

Results. The prevalence of hypertension was 62% among the patients studied. Sixty-five percent of the pa-
tients were older than 65 years and hypertension was present in 78% of these elderly patients. The prevalence
of CKD was 15%, while that of diabetes was 23%. Al CKD patients were older than 65 years of age. The hy-
pertensive patients were more likely to be older and anemic with higher serum fibrinogen, which reflects
a general inflammatory state. Elderly hypertensive patients had significantly higher creatinine levels, lower
estimated glomerular filtration rate (eGFR) levels (p < 0.001) and lower platelet counts.

Conclusions. Itis of the utmost importance for oncology patients to have any hypertension diagnosed and
treated appropriately in order to prevent complications so they may continue their therapy with the least
interruption or discontinuation of treatment and to ensure the best possible outcomes.

Key words: surgery, colorectal cancer, hypertension, chronic kidney disease, elderly
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Introduction

Colorectal cancer (CRC) is a common and lethal dis-
ease, the 3" most commonly diagnosed cancer in males
and the 2" most common in females, though the in-
cidence varies markedly.! Surgery is the only curative
modality for localized colon cancer. For patients who
have undergone potentially curative resection of a co-
lon cancer, the goal of postoperative (adjuvant) chemo-
therapy is to eradicate micrometastases, thereby reduc-
ing the likelihood of disease recurrence and increasing
the chances of recovery.? Chemotherapy carries a risk
of significant toxicities, including emesis, diarrhea, fe-
brile neutropenia, and cardiotoxicity. The frequency and
severity of these side effects vary according to the spe-
cific drugs used and to the mode of administration. Hy-
pertension is the most commonly reported comorbidity
in cancer patients, with a rising incidence that is in line
with the aging population of the developed world.! In ad-
dition, it is also the most common comorbidity reported
in cancer registries.! However, detailed data on its in-
cidence and prevalence is very scarce. Chemotherapy
is a cardiovascular risk factor, particularly when com-
bined with radiotherapy, which is responsible for increas-
ing the incidence of cardiovascular events.® The aim
of this study was to evaluate the prevalence of hyper-
tension and chronic kidney disease (CKD) in a cohort
of patients with CRC undergoing primary surgical treat-
ment with curative intent.

Patients and methods

The pilot study included 100 consecutive patients with
CRC undergoing primary surgery with curative intent
within 1 year in the Department of Oncological Surgery
in Biatystok, Poland. No neoadjuvant therapy was admin-
istered before the surgery. The analyzed data came from
the demographic, clinical and laboratory parameters from
medical charts. Blood pressure was measured with stan-
dard protocols. Hypertension was defined as either a blood
pressure of at least 140/90 mm Hg or the use of hypo-
tension medication. Chronic kidney disease was defined
according to the 2012 Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines,* with estimated glomer-
ular filtration rate (eGFR) estimated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula.®

The study was approved by the appropriate ethics re-
view board. The data were analyzed using STATISTICA
v. 13.1 software (StatSoft Inc., Tulsa, USA). The normal-
ity of variable distribution was tested using the Shap-
iro—Wilk W test. Student’s t-test was used in statistical
analysis to compare differences between groups, with
a p-value <0.05 considered statistically significant (when
appropriate).

Results

The prevalence of hypertension among all of the patients
studied was 62%, but among the elderly patients it was 78%.
The mean age of the study population was 67 +11 years;
65% of the patients were older than 65 years. The preva-
lence of diabetes was 23%, while the prevalence of CKD
was 15%. All CKD patients were older than 65 years of age.
The clinical characteristics of the studied patients is shown
in Table 1. The hypertensive patients tended to be older and
anemic with higher serum fibrinogen, which reflects a gen-
eral inflammatory state. When we grouped the patients
according to age (<65 years vs >65 years) and presence of hy-
pertension, the elderly hypertensive patients had signifi-
cantly higher serum creatinine levels (79.56 £22.1 pmol/L vs
70.72 £21.22 umol/L; p < 0.01), lower corresponding eGFR
levels according to the CKD-EPI formula (75.5 £15.97 mL/
min/1.72 m? vs 95.72 +18.00 mL/min/1.72 m?; p < 0.001),
higher red blood cell distribution width (RDW) (14.8 +3.45%
vs 13.49 +2.69%; p < 0.05), and lower platelet counts
(248.17 £106.21 x 10°/L vs 299.50 £140.36 x 10°/L; p < 0.05).

Table 1. Clinical and biochemical data of colorectal cancer (CRC) patients
with and without hypertension

No hypertension | Hypertension

Parameter (n = 54) (n = 46)
Age [years] 64.51 +1.62 69.61 £7.73*
BMI [kg/m?] 2698 +5.51 28.52 +3.48
Sodium [mmol/L] 139.25 +2.86 139.54 £2.72
Potassium [mmol/L] 444 £049 4.35+0.55
Hematocrit [%] 3648 £6.23 39.27 £5.12%
Hemoglobin [g/L] 117.8 £275 130.4 £19.1*
Erythrocyte count [x10'%/L] 430047 449 £0.49%
MCV [fl] 91.32 £491 104.11 £10.26
MCH [pg] 29.02 £2.91 27.28 £4.29*
RDW (%] 11.60 £6.96 1218 £1.33
Leukocyte count [10%/L] 7.21 £3.51 741 £2.54
Platelet count [10%/L] 26711 £101.88 24138 £118.45
Creatinine [umol/L] 78.68 £22.10 8044 +£22.10
Urea [mmol/L] 6.11 +£0.34 5.59 +1.62
eGFR by CKD-EPI [mL/min/1.72 m?] 84.59 £21.23 80.77 £16.76
APTT [s] 31.78 £4.17 3091 +6.03
INR 1.06 +£0.21 1.05 £0.25
Fibrinogen [umol/L] 9.79 £2.15 10.76 £2.14*
Glucose [mmol/L] 6.02 £1.42 6.38 £1.30
Pulse pressure [mm Hg] 47 £12 50 £14
Mean arterial pressure [mm Hgl 97 £10 104 £11

BMI - body mass index; MCV — mean corpuscular volume; MCH — mean
content of hemoglobin, aptt activated partial thromboplastin time;

RDW - red blood cell distribution width; eGFR - estimated glomerular
filtration rate; CKD-EPI — Chronic Kidney Disease Epidemiology Collabora-
tion formula; APTT — activated partial thromboplastin time; INR — inter-
national normalized ratio. Conversion factors to Sl units are as follows: for
glucose - 0.0555, for creatinine — 88.4, for hemoglobin - 10, for fibrinogen
—0.0294, and for urea - 0.357; *p < 0.05.
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Discussion

In our study, in patients with CRC, the prevalence of hy-
pertension was very high. It was even higher, reaching 78%,
in patients older than 65 years. Fraeman et al.® estimated
incidence rates of new-onset hypertension in 25,090 adult
cancer patients (16% of whom had CRC) and found that cri-
sis-level hypertension (systolic blood pressure >180 mm Hg
or diastolic blood pressure >120 mm Hg) was most com-
monly seen in patients treated for gastric, ovarian, lung,
and CRCs. New-onset hypertension was observed dur-
ing active treatment in about 1/3 of the cancer patients.
However, data on the prevalence of hypertension in CRC
is very limited. In addition, all of the patients with CKD
were over 65 years of age.

In a cohort of patients with CRC in Oman, the preva-
lence of hypertension was 42% and the prevalence of diabe-
tes was 25%.” Their population was younger (56 years) than
ours (mean age: 67 years). In another study on 138 patients
with CRC in Malaysia, the prevalence of type 2 diabe-
tes and hypertension was 13% and 34.8%, respectively.®
The prevalence of hypertension and type 2 diabetes in rela-
tively young patients (mean age: 53 years) with CRC in Iran
was 13.38% and 8.69%, respectively.’ It should be stressed
that the vast majority of published studies report the ef-
fects of CRC treatment and the incidence of adverse events,
while data on the prevalence of hypertension and other
comorbidities at the time of diagnosis or surgery is lack-
ing. An updated systematic review and comparative meta-
analysis by Abdel-Rahman et al.!° included randomized
phase II and phase III trials of patients with solid tumors
treated with sunitinib, axitinib, cediranib, or regorafenib
describing daily events of hypertension, left ventricular
dysfunction, bleeding, or thrombosis. Patients treated
with these 4 agents had a significantly increased risk
of all-grade hypertension and bleeding.!! However, the data
on the prevalence of hypertension before the therapy was
not presented. Abdel-Qadir et al.!! evaluated 77 phase III
randomized, controlled trials and reported that angiogen-
esis inhibitors increased the risk of hypertension, arterial
thromboembolism, cardiac ischemia, and cardiac dys-
function. Falchook et al.!? studied patients with advanced
solid tumors — including CRC — which were refractory
to standard therapy who were treated with a combination
of bevacizumab and sorafenib. Two-thirds of the patients
experienced adverse events of grade 2 or higher, most com-
monly hand and foot syndrome (n = 27; 24%) and hyper-
tension (n = 24; 21%).

The prevalence of CKD was reported to be high in pa-
tients with solid tumors,!® but the data is also limited.
A high prevalence of CKD was reported in 2 other studies
as well: ~33% and 27%.!%!> In the Belgian Renal Insuf-
ficiency and Anticancer Medications study (BIRMA), im-
paired kidney function, i.e., an estimated Modification Diet
in Renal Disease (eMDRD) of <90 mL/min/1.73 m? was
reported in 59.5% of CRC cases.!® In a Korean retrospective
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study on 8,223 cancer patients with 1 or more serum cre-
atinine measurements available, the CKD prevalence
in CRC patients was 10.2%.7 This figure is slightly low-
er than in our study, most likely due to the younger age
of the population studied (56 +14 years vs 67 +11 years).
Moreover, as shown in this study, CKD was associated with
an increase in the overall mortality rate of cancer patients
(including breast cancer) — approx. 12% — independent
of other known risk factors.!” The possible associations be-
tween CKD, hypertension and malignancy were reviewed
recently.!®19

Attention should also be paid to the limitations of our
study, which consisted of a relatively small sample pooled
in just 1 center. The population prevalence of hyperten-
sion and CKD was not compared with that of the group
of patients with CRC. The fairly homogeneous study group
and the lack of a control group might be considered limi-
tations. As we did not perform any follow-up, we cannot
indicate any specific benefits coming from paying special
attention to the presence and appropriate treatment of any
particular comorbidity.

It should be pointed out that large, randomized, con-
trolled trials in general report hypertension as a side ef-
fect, but adding the prevalence of elevated blood pressure
as a comorbidity would be of great clinical relevance. New-
onset or worsening systemic hypertension can be found
with numerous chemotherapeutics and is particularly
common with antiangiogenic drugs.® Therefore, the evalu-
ation and treatment of hypertension is a practical starting
point for the treatment of cardiotoxicity induced mainly
by angiogenic inhibitors. It is of the utmost importance for
oncology patients to have any hypertension diagnosed and
treated appropriately in order to prevent complications so
they may continue their therapy with the least interrup-
tion and no discontinuation of treatment and to ensure
the best possible outcomes, as patients with early CRC and
diabetes or hypertension have a significantly greater risk
of cancer recurrence and death after treatment.’ In addi-
tion, as the prevalence of CKD and hypertension may be
further exacerbated by adjuvant therapy, an assessment
of kidney function is prerequisite before the introduction
of adjuvant treatment.
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Abstract

Background. Hirschsprung’s disease-associated enterocolitis (HE) is a life-threatening septic complica-
tion of Hirschsprung’s disease (HD), leading to bacterial translocation (BT) and sepsis. Many factors, such
as intestinal stasis, HD-related inherited immune disorders and abnormal mucosal secretion have been
implicated in its pathogenesis.

Objectives. To investigate the effect of intestinal stasis as an independent factor in the pathogenesis of HE
intestinal lesions and its systematic effects.

Material and methods. The rectal ganglion cells of 46 Wistar rats were chemically ablated through local
benzalkonium chloride (BAC) injection, in order to create a HD model (megacolon rats) that does not carry
the possible genetic burden of HD. The animals were sacrificed either on the 20™ or 257 day after ablation
and were examined for histopathological changes on the wall of the small intestine, presence of bacterial
translocation in body organs, body biometrics, and white blood cell count (WBC) and hemoglobin concentra-
tion. The results were compared to control animals.

Results. In the megacolon rats, severe damage on the small intestine as well as BT proportional to the extent
of theintestinal damage and to the time elapsed after ablation was observed. Significant effects on the WBCs,
hemoglobin concentration and biometric parameters were also observed.

Conclusions. In megacolon rats, intestinal stasis can lead by itself to a full-blown HE. The HE lesions that
promote BT are present even in regions distant from the aganglionic bowel and are proportional to the time
elapsed under the influence of intestinal stasis. Systematic effects such as growth retardation are also produced.

Key words: sepsis, bacterial translocation, intestinal obstruction, megacolon, ganglion cell ablation
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Introduction

Hirschsprung’s disease (HD) is a congenital disease
characterized by a lack of ganglion cells in a segment
of the terminal bowel (aganglionosis), causing functional
obstruction and distension of the proximal bowel (megaco-
lon).2 In 6-26% of HD cases, Hirschsprung’s enterocolitis
(HE) can develop, which is accompanied by considerable
morbidity.>3 The pathogenesis of HE appears complex
and is not completely understood.* It presents with both
gastrointestinal (GI) and generalized symptoms ranging
from fever and diarrhea to bloodstained stools and septic
shock, while in chronic cases it affects somatic growth.>~7

Initially, gradual intestinal obstruction, bacterial over-
growth and bacterial translocation (BT) were proposed
as causative mechanisms.® However this has been repeat-
edly questioned, because HE can occur even after surgical
correction of HD, or after decompressing colostomy.® This
led to the investigation of additional possible HE causative
factors, such as deficiency of the immune system and com-
promise of local intestinal mucus production.!®12 These
factors could be inherited through complex HD genetics.*

The goal of this study was to investigate whether agan-
glionosis-induced intestinal stasis can by itself cause HE.
In order to eliminate the interference of other possible
HD-related factors, we used an animal model without
HD genetic burden, in which aganglionosis was created
through local chemical ablation of ganglion cells. We in-
vestigated the effects of intestinal stasis by studying the de-
gree of intestinal damage, the degree of BT and the effects
on somatic growth. This information could lead to a better
understanding of the pathophysiology of HE and to a more
targeted and timely management of the patients.

Material and methods
Animals

A total of 62 Wistar rats aged 28 days were used. All the
rats were obtained from the same breeding center. They were
housed in macrolon cages, 1 rat per cage, at 20-22°C room
temperature. The rats were fed with standard rat chow diet.

Five of our animals were used in a pilot study to establish
the appropriate time for sacrifice, in order to study the ani-
mals at 2 different stages of disease, but without death
ensuing. These rats were ablated as described below and
monitored at least once a day for symptoms of decreased
activity, poor feeding and abdominal distension; stool pro-
duction, weight and height (nose to rump length) were also
measured. We observed that at least 2 symptoms were pres-
ent by the 18" day after ganglion cell ablation. Two rats,
randomly selected, were sacrificed on the 20" day post-
treatment and 3 on the 25" day. These animals were as-
signed respectively to the M20 and M25 groups of animals,
according to the investigative protocol, as described below.

M. Mitroudi, et al. Enterocolitis and intestinal stasis

Experimental design

The animals were randomly assigned to 4 groups as fol-
lows: group 1 (N) (n = 8) — animals with no treatment;
group 2 (S) (n = 8): sham animals, injected with saline
in the submucosa of the colon; group 3 (M20) (n = 23): mega-
colon animals, treated for chemical ablation, as described
below, sacrificed on the 20" day post-treatment; group 4
(M25) (n = 23): megacolon animals, treated for chemical
ablation, as described below, sacrificed on the 25" day
post-treatment. We refer to group 1 (N) and group 2 (S) col-
lectively as “ganglionic” animals. We refer to group 3 (M20)
and group 4 (M25) collectively as “megacolon” animals.

The animal protocol was approved by the State Institu-
tional Animal Care and Use Committee and by the Ethics
Committee of Animal Research, Aristotelion University
of Tessaloniki.

At 28 days of age, nonfasted ganglionic littermates
(groups N and S) were anesthetized by intramuscular in-
jection of 30 mg/kg ketamine hydrochloride. Body weight
and body height were measured. Blood was collected
from the lateral tail vein at the start of the study and from
the aorta at the time of sacrifice.

The animals of groups M20 and M25 were anesthetized,
positioned supine and were injected at 8 points of the rec-
tum circumference between 0.2 cm to 1 cm above the anal
verge with 50 pL of 0.1% benzalkonium chloride (BAC)
solution in deionized water. A 22-gauge needle attached
to a 50-pL micro syringe was used. The injection site was
marked with India ink 1:100 (vol/vol). Group S animals were
subjected to the same procedure using 0.9% NaCl solution
instead of BAC. There was no intervention in group N.

On the day of sacrifice, the animals were anesthetized.
Their abdominal fur was shaved and the skin was cleaned
and disinfected with iodine solution. The abdomen was
opened through a 4 cm midline incision. Blood was col-
lected from the abdominal aorta and the internal organs
were collected under aseptic conditions for bacteriological
investigation. The rats were then killed by infusing potas-
sium chloride (KCI) in the heart.

Organ sampling for bacterial
translocation assessment

For BT assessment, the mesenteric lymph nodes (MLN),
spleen, liver, kidneys, and lungs were collected separately,
weighed and homogenized in 9 mL sterile pre-reduced 1:4
Ringer’s solution, seeded in culture media and incubated.
Each type of colony was submitted to Gram staining, cata-
lase assay and anaerobic assay.

Blood sampling
White blood cells were evaluated according to stan-

dard laboratory methods. For hematological analy-
ses, 1 mL of blood was collected in an anticoagulant
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(ethylenediaminetetraacetic acid (EDTA)) tube. A Coulter
T890® device (Beckman Coulter, Brea, USA) was used for
white blood cell count (WBC).

Histological preparation

The entire intestine (including the anus) was excised,
washed gently with cold phosphate-buffered saline (PBS)
and fixed with 10% neutral-buffered formalin at room
temperature for 48—72 h (Fig. 1). Specimens 1 cm long
were sampled from the terminal ileum (5 cm proximally
to the ileocolic valve) and cut into segments. All specimens
were immersed in alcohol and xylol, and then embedded
in paraffin. Examination was performed on 4—6 pm he-
matoxylin and eosin (H&E)-stained sections. Four sections
from each rat were examined. Light microscopic studies
were reviewed in a blinded manner. Tissue damage, sever-
ity and the depth of inflammation were evaluated, accord-
ing to criteria listed below.

Fig. 1. Intestine of megacolon rat showing the reduced diameter
of the rectum (R) and sigmoid (S)

Histological grading system

Mucosal lesion damage was assessed and graded ac-
cording to the “tissue damage degree” criteria proposed
by Chiu et al.!* (Table 1). The severity and depth of in-
flammation were scored separately according to the his-
tological classification system described by Cheng et al.1*
(Table 1). The highest score obtained in each parameter
in each animal was recorded. Their sum represented
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Table 1. Histological findings, total damage and enterocolitis grading
system
Histological findings | GRADE
Tissue damage
Normal structure of villi 0
Development of small subepithelial space at the villous 1
apex
Enlarged subepithelial space but without change 5
in villous length and width
Few shortened villiand presence of cells in the lumen 3
The majority of villi are shortened and widened with 4
crypt hyperplasia and cells in the lumen
Blunting of all villi with elongated crypts and increased 5
number of cells in the lumen
Severity of inflammation
No inflammation, rare neutrophil 0
Mild inflammatory infiltrates, no necrosis 1
Moderate to marked inflammatory infiltrates and 5
mucosal necrosis
Transmural necrosis 3
Depth of inflammation
None 0
Mucosa 1
Submucosa 2
Muscularispropria 3
Subserosa and serosa 4
Total enterocolitis score
Severity of inflammation grade + depth of inflammation = range: 0-7
grade
Total damage score range: 0-12
Total enterocolitis score + tissue damage grade g€

the “total enterocolitis score”.!* To take under consider-
ation all the above parameters, we used a combined score
— the “total damage score”, calculated by adding the “total
enterocolitis score” and “tissue damage grade” (Table 1).

Statistical analysis

Before the beginning of the study, a sample size calcu-
lation was performed with 80% power and an error set
at 0.05 (two-sided). The Kruskal-Wallis test was used for
comparison of the parameters due to the non-normal dis-
tribution. Then, the Mann—Whitney U test was used for
pairwise comparisons of the groups when a significant
difference was obtained. The data was presented as means
and standard deviation (SD), and p < 0.05 was considered
statistically significant.

Results

All rats survived during the experimental period.
The histological examination of the BAC-treated rectums
confirmed the ablation of intestinal ganglia in all of these
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Table 2. Comparison of histological findings, hematological findings, weight (Weight_e) and height (Height_e) between the groups at the time of sacrifice.
Means +SD are reported. P-value <0.05 indicates groups are significantly different

Variable

normal (n = 8), sham (n =8), M20 (n =23), M25 (n =23),
mean +SD mean +SD mean £SD mean £SD

Tissue damage 0+0 0+0 31413 4.7 £0.5 <0.001
Severity of inflammation 0+0 0+0 1.6 £09 2.5+05 <0.001
Depth of inflammation 0+0 0+0 11411 32+09 <0.001
Total damage score 0+0 0+0 6+3 104 +1.7 <0.001
Height_e [cm] 2763 £1.99 27.00 £2.56 22.35+£1.22 22.78 £0.99 <0.001
Weight_e [g] 243.00 £1.77 242.88 £1.88 23148 £3.14 230.78 £2.02 <0.001
WBC_e [10%/ul] 715 £1,628.32 7,362.50 £1,281.67 11,947.82 £4,775.11 13,234.34 £8,554.30 <0.017
NEUe [10°/uL] 3,383.38 +£722.85 3913.38 £973.06 10,061.70 £4,311.34 11,588.35 £7,840.43 <0.001
Hb_e [g/dL] 12.53 £1.01 12.37 £1.06 10.53 £1.54 11.29 £1.30 0.001

SD - standard deviation; Weight_e — body weight at the time of sacrifice; Height_e — body height at the time of sacrifice; WBC - white blood cells;

NEU - neutrophils; Hb — hemoglobin.

animals. Non BAC-treated animals (Normal and Sham
groups) did not produce histological signs of ganglion ab- 07
lation, as expected. 28
£
Biometric parameters E, 7
2] = T —
Between the 17" and the 20" day, the megacolon ani- 3 ) [ | [ |
mals began eating less food and produced less fecal ma- e -
terial. By the 25t day, all megacolon animals showed de- 20 : : > .
normal sham M20 M25

creased activity, poor feeding, less stool production, and
abdominal distension. All rats continued to gain weight
and height. However, the body weight at the time of sac-
rifice in both M20 group (M20 Weight_e: 231.48 +3.14 g)
and M25 group (M25 Weight_e: 230.78 +2.02 g) remained

groups

Fig. 2. Nose to rump length at sacrifice (Length_e) [cm] in N, S, M20, and
M25 groups at the time of sacrifice (means +5D)

significantly lower, compared to the respective param-

eters in the ganglionic groups (p < 0.001). The body 245 7 | |

height at the time of sacrifice in the M20 group (M20 N

Height_e:22.35 +1.22 cm) and M25 group (M25 Height e: ~ E *** ] 0

22.78 +0.99 cm) remained significantly lower compared E 235 8

to the rats of the ganglionic groups (p < 0.001) (Table 2, = I':r—l —l_

Fig. 2,3). Differences in weight and height between the M20 2 2304 | | =

and M25 groups were not statistically significant. ElE

225 T T T

normal sham M20 M25

Histological examination
of the terminal ileum

No injury or inflammation was observed in the N and
S groups (Fig. 4), which showed normal mucosa and
glands. However, in the M20 and M25 groups, the intes-
tinal structure was damaged (Fig. 5,6). Epithelial ulcer-
ation and infiltration with a mixed leukocyte population
were observed. Denuded villi were discovered, accompa-
nied by expansion of the subepithelial space with mod-
erate or massive epithelial elevation. The total damage
score in the M25 group was significantly higher than
in the M20 group (total damage — M20: 6 +3 vs M25:
10.4 £1.7) (p < 0.001) (Table 2).

groups

Fig. 3. Weight (Weight_e) [g] in N, S, M20, and M25 groups at the time
of sacrifice (means +SD)

Bacterial translocation

All rats were tested for the presence of bacteria in their
MLN, liver, spleen, kidneys, and lungs. No bacteria were
cultured from these organs among the control and sham
rats. Escherichia coli, Enterococcus spp., Bacillus, Pro-
teus mirabilis, and Clostridium spp. were isolated only
among the megacolon groups. Escherichia coli translo-
cated at a higher incidence compared to other bacteria.
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Fig. 4. Sham animal. Histological section showing intact epithelium.
The number of lymphocytes and plasma cells in the lamina propria are
within normal limits. H&E staining, bar: 500 um

Fig. 5. Megacolon animal, M20 group. Histological section demonstrating
ulceration of the epithelium and moderate infiltration by a mixed
leukocyte population. H&E staining, bar: 500 um

Fig. 6. Megacolon animal, M25 group. Histological section demonstrating
severe destruction/necrosis of the epithelium extending to the lamina
propria and infiltration by leukocytes. H&E staining, bar: 500 um

Escherichia coliwas observed in 73.9% of the rats in the M20
group and, more specifically, in 65.21% of the mesenteric
lymph nodes, 34.78% of the spleens, 30.43% of the livers,
26.08% of the kidneys, and 4.34% of the lungs. All M25
rats showed viable E. coli bacteria in extra-intestinal sites:
in 100% of the MLN, 78.26% of the spleens, 91.3% of the liv-
ers, 69.56% of the kidneys, and 60.86% of the lungs.

Hematological findings

The megacolon rats showed a significant increase
in the number of WBC and neutrophils (NEU) com-
pared to the ganglionic rats (Table 2, Fig. 7,8). Among
the M20 and M25 groups, WBC count was significantly
different (M20 WBC_e: 11,947.82 +4,775.11/uL vs M25

40,000 —
30,000
¢
9]
@ 20,000
= I__I__I
10,000 - —_ | ]
[ ] | —
L =
0 T T T T
normal sham M20 M25
groups

Fig. 7. White blood cells (WBC) in N, S, M20, and M25 group at the end
of the experiment (means +SD)
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groups

Fig. 8. Number of neutrophils (NEU) in N, S, M20, and M25 groups
at the end of the experiment (means +SD)
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Fig. 9. Hemoglobin concentration levels (Hb) [gr/dL] in N, S, M20, and M25
groups at the end of the experiment (means £5D)
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WBC_e: 13,234.34 £8,554.3/uL) and NEU (M20 NEUe:
10061.70 +4,311.34/uLvs M25NEUe: 11,588.35 +7,840.43/uL).

There was a significant reduction in hemoglobin concen-
tration between the ganglionic and the megacolon groups
(normal Hb_e: 12.53 +1.01 gr/dL vs M20 Hb_e: 10.53 +1.54
gr/dL vs M25 Hb_e: 11.29 +1.3 gr/dL) (Table 2, Fig. 9).
There was no significant difference between the M20 and
M25 groups (p = 0.117).

Discussion

Hirschsprung’s enterocolitis is characterized by severe
inflammation of the intestinal wall, intestinal distention
and sepsis that can lead to death.! Many factors have been
studied to explain the etiology and development of HE
as well as its consequences.

Historically, the first proposed etiologic mechanism for HE
was fecal stasis proximally to the aganglionic segment caus-
ing intestinal distention, which in turn increased intestinal
permeability and promoted bacterial invasion and translo-
cation. However, this mechanism does not explain neither
the occurrence of HE in patients with HD without distended
bowel (such as those after decompressive colostomy, or those
with surgically corrected HD) nor the presence of HE lesions
in the aganglionic bowel segment.}1°

This paradox has led researchers to investigate the effects
of many other factors of the development of HE, acting in-
dependently or in concert, such as microbiome alteration
and impaired mucosal barrier function. These can be caused
by variations in the components and amount of mucus,
immunological deficiency, either local or systemic, with
deficient white cell function, mucosal immunity defects,
increased prostaglandin E1 activity, impaired motility as-
sociated with protein sensitization, and sucrase-isomaltase
deficiency.!1216-20These conditions could be the expression
of the complex genetics of HD.?! Increased HE risk in pa-
tients with Down syndrome,?*23 cartilage-hair hypoplasia,?*
family history of HD, and female sex point to a possible
genetic contribution to the etiology of HE.?® The presence
of major associated congenital anomalies involving either
the cardiac, GI, genitourinary, or central nervous system
is also correlated with a more severe course of HE.2!

Despite the fact that an ever-growing number of HD-
associated mutations have been shown to be associated
with a more severe morbidity, especially in the Ret-GDNF
and ET-3-EDNRB genes, no precise genetic abnormality
has been shown to cause HE.2%%”

Several studies report that HE seems to be more com-
mon in patients with a longer aganglionic segment, but
it is not clear whether this tendency is related to the un-
derlying long-segment HD genetic predisposition.?

Other risk factors not connected with genetic predisposi-
tion have also been implicated in the development of HE.
Among these is delay in HD diagnosis, the type of sur-
gical operation, and the development of postoperative
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complications such as strictures and obstruction.”* These
factors could act by creating reservoirs for stagnant intes-
tinal contents that favor chronic inflammation, ulceration
and impaired motility.

In order to exclude the confounding factors present
in genetic HD animal models, we used a chemical model
of HD instead of a genetic model and we investigated
the effects of intestinal stasis on the intestinal wall, which
is not adjacent to the aganglionic segment and not directly
affected by the alterations in the mucosa caused by induced
aganglionosis. We also examined the presence and extent
of BT under the absence of HD-related genetic factors.

In order to ablate the ganglion cells and create HD con-
ditions, benzalkonium chloride (BAC) was injected into
the anorectal wall of normal rats. It is a cationic surfactant
agent that adheres to the cell membrane, causing irre-
versible depolarization, injuring the cell membrane and
producing severe cell damage and cell death.®Its use for
this purpose was first described by Sato et al. in 1978.3°
Researchers have practiced BAC injections either directly
per annum or during laparotomy.30-32

We used the per annum endorectal injection model, be-
cause it causes less mortality.3? It has been observed that
ganglion cell ablation occurs around the 14 day after
BAC treatment, as evidenced by histology 3? and clinical
symptomatology.

To our knowledge, experimental studies on HE*-**have
only been performed on genetic HD models. Fujimoto
et al., using the piebald-lethal (PL) model,3*3 reported
significant histological evidence of enterocolitis in the gan-
glionic portion of the colon, accompanied by acute spleni-
tis, but no bacterial cultures were performed.

On the contrary, Caniano et al., using the same model,'
found no evidence of enterocolitis in the colon, whereas BT
was present in only 10% of mice sacrificed between 12 and
70 days of age. However, BT was present in 38% of sponta-
neously dying mice. In their opinion, these findings suggest
that other mechanisms, in addition to local colonic inflam-
mation, contribute to the development of HE. By studying
IgG, IgM and IgA levels, they concluded that a reduction
in immunologic integrity was the reason for sepsis. How-
ever, their search for BT and HE lesions was conducted
only on the spleen and the colon, respectively. Although
the genetic model used in the 2 abovementioned experi-
ments was the same, the lack of predetermined criteria for
enterocolitis and differences in animal care and housing
conditions may have contributed to different results. Other
investigators have performed detailed studies on the HE
lesions and patterned classifications regarding the grade
of inflammation.!*

Our findings suggest that HE lesions can develop after
fecal stasis, regardless of genetic or other local contributing
factors. These can appear even in the small bowel, away
from the obstruction site. These lesions could act as gate-
ways for BT through the lymphatics and mucosal blood
vessels towards the portal and systematic circulation.®
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Fecal stasis can also develop after scarring of severe in-
testinal lesions or adhesions following the operation for
HD stasis and may trigger new HE lesions.*” These possible
events may explain HE occurring in patients with success-
ful HD surgery or who carry a stoma.’

We investigated many extra-intestinal sites for BT and
we found a strong positive correlation between total intes-
tinal damage score and cultured bacteria on MLN, liver,
spleen, pancreas, kidney, and lung tissues in our megacolon
rats, suggesting a causal relation between HE lesions and
sepsis. Bacterial translocation was observed in the MLN
in a considerably larger number of cases than in the spleen
or other organs. Escherichia coli translocated to a higher
frequency compared to other bacteria and this could be
the consequence of its abundant colonization in the bowel.
During the 5-day interval between the M20 and M25
groups, there was a significant progression of the tissue
damage and increase of inflammation markers, as well
as increased frequency and spread of BT, even to the lungs.
This coincided with a deterioration of body homeostasis,
as shown by WBC counts and biometric parameters.

The increase in WBC and NEU counts observed
in the megacolon groups is consistent with the presence
of intestinal inflammation and BT (Table 2) (Fig. 3,4).
However, the increase of WBC count between the M20
and M25 groups, while statistically significant, was not
proportional to the escalation of the intestinal inflamma-
tion and BT, which may be due to the variable response
of individual mice to the extreme septic burden. In some
of these, overwhelming sepsis suppresses the bone mar-
row and reduces WBC production®® while in others
the immune system is still able to react more effectively.
It is likely that for this reason, the WBC values obtained
in the M25 group are more widespread than in other
groups (Fig. 7, Table 2).

In the present study, all of the megacolon rats experi-
enced reduced food intake and decreased excretion of fe-
ces by the 18" day after endorectal injections. This was
reflected in their biometric growth indices in the M20
and M25 groups (Table 2). This is in line with the findings
of other researchers, that anorexia, reduced caloric intake
and increased catabolism are prominent during sepsis.*

The present study suggests that the intestinal stasis itself
may be the causative agent that can affect the intestine,
even at a distance, causing HE and leading to bacterial
translocation, systemic inflammation and sepsis. The de-
velopment of HE lesions is gradual, and so is the intensity
and extent of BT. Sepsis could affect the growth and de-
velopment of the animal’s body both through decreased
food intake and increased catabolism.

Conclusions

Our study shows that HE can develop as a consequence
of intestinal stasis alone.
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Functional intestinal obstruction results in inflamma-
tion of the intestinal wall and BT to regional lymph nodes
and distally located organs. Escherichia coli translocate
to extra-intestinal sites at a higher frequency compared
to other bacteria. The severity of the lesions of HE and
the extent of BT is proportional to the time elapsed since
the onset of intestinal stasis. Systematic effects, such
as an increase in WBC and NEU counts, are also promi-
nent. The decrease in hemoglobin concentration and re-
straint of somatic growth may result from inflammatory
stress, sepsis and reduced food intake.
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