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1. Abstract

1.1. Background: Seasonal variations in the incidence of esophageal vaticeal bleeding in
patients with end stage liver disease have been explored in various studies but the results were

inconsistent.

1.2.Methods:Inthepresentretrospectiveanalysis,consecutivepatientswithlivercirrhosisadmitted
with esophageal variceal bleeding to the Galilee medical center from 2010 until 2015 were evaluated.
1.3. Results: The study population included 156 patients, 52% men, and mean age 64£13.
Esophageal variceal bleeding exhibited a seasonal variation with peak incidence in the winter
(January, February and March) (p=0.02). This finding was consistent in all subgroup analyses,
including male and female gender, patients with nonalcoholic fatty liver disease (NAFLD), and
patients with first episode of esophageal variceal bleeding, In multiple regression analysis, Four
parameters can explain this variation, the first is NAFLD as etiology of cirrhosis in which the
variation was more prominent than other etiologies (P=0.05), the second is the serum GGT
level, for which the mean was the lowest in the spring, the season with the lowest rate of
esophageal variceal bleeding (P=0.02), the third is the temperature in northern Israel, which is
lowest in the winter (P<0.001), and the fourth is the BUN to Creatinine ratio which was highest
in the winter (P=0.03).

1.4. Conclusions: There is an increased risk for esophageal variceal bleeding in Isracli patients
with liver cirrhosis in the winter season. An elective endoscopy shortly before the winter season

beginning may be suitable.
2. Keywords: Cirrhosis; Variceal bleeding; Portal hypertension; Seasonal variation
3. Introduction

The development of portal hypertension is the pathogen etic basis of most of the frequent and
fatal complications of liver cirrhosis. Complications of cirrhosis ate indicative of decompensated
disease, which carries a high rate of morbidity and mortality. Patients with cirrhosis should
be evaluated for the presence of varices due to the high mortality rate of esophageal variceal
bleeding, At initial diagnosis, about half of patients with liver cirrhosis have esophageal varices
[1-4]; the proportion reaches about 90% during the course of the disease. The 1-year rate of a
first variceal bleeding is 12% [5], and the 6-week mortality with each episode of bleeding is 15-

20% [6]. In patients who survive the first episode of esophageal variceal bleeding, the risk of
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Figure 1: The distribution of all cases of variceal bleeding by month.
Case were most frequent in March and least frequent in June (21 vs 9 cases,
P=0.02). January, february and March are winter months, April, May and
june are spring months.
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Figure 2: The distribution of all cases of variceal bleeding by season.
Case were most frequent in winter and least frequent in June (55 vs 32 cases,
P=0.025).

recurrent bleeding is as high as 60%, with a mortality rate of up to
33% [7]. Risk factors for esophageal variceal bleeding include large
variceal size, the presence of red wale markings, severe liver disease
(Child-Turcotte-Pugh class B/C) and an increased hepatic venous
pressure gradient (HVPG) [3]. Despite its excellent diagnostic and
prognostic value, the use of HVPG in clinical practice is limited
due to several factors such as the invasiveness of the procedure, its
availability only in specialized centers, and excessive costs [8]. No
biomarker has been identified that predicts elevated HVPG and the
associated high risk of esophageal variceal bleeding [9].

Seasonal correlation has been documented in cardiovascular disease
(stroke, myocardial infarction and venous thromboembolism) [10].

Circadian rhythmicity in portal blood flow and in portal pressure
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Figure 3: The difference between the four seasons in regard of (A) Platelet
count, (B) Prothrombin time - international normalized ratio (PT-INR), (C)
total bilirubin level, (D) Serum Gamma-glutamyl transferase (GGT), (E)
Blood utea nitrogen to Creatinine (BUN/Cr) ratio, and (F) atmosphere
temperature in north Israel.

The winter, the season with the highest incedence of esophageal bleeding,
is cherectarized by the lowest mean atmosphere temperature (P<0.001), and
the highest BUN/Cr ratio (P = 0.03). Mean GGT levels were lowest in the
spring (0.02), the season with the lowest incidence of esophageal bleeding.

has also been described [11, 12]. Studies in Japan, Italy, and France

[13, 14] have explored seasonal correlation and variceal bleeding,



Table 1. Clinical Characteristics of Patients with Variceal Bleeding.

n (%) Variables
156 Total population study
81 (52%) Men
75 (48%) Women
64 yeja:lrs 13 Age, mean+SD
Etiology of cirrhosis
65 (42%) NAFLD
36 (23%) HCV
32 (21%) ALD
23 (15%) Others
92 (59%) First episode of variceal bleeding
NAFLD, non-alcoholic fatty liver disease; HCV, Hepatitis
C virus; ALD, Alcoholic liver disease

but the findings remain inconclusive. We do not know of any study
performed in Israel that investigated an association of seasonal
variation with esophageal variceal bleeding in patients with liver

cirrhosis.

The aim of this study was to examine a possible seasonal correlation
in the occurrence of esophageal variceal bleeding in the Israeli
population, considering the warmer climate in Israel than that in
Europe; and to investigate positive and negative predictors of such

bleeding;
4. Materials and Methods

This retrospective single-center study was performed at Galilee
Medical Center, a tertiary medical center that serves the population of
northern Israel. The study was approved by the centet’s institutional
review board (IRB).

Consecutive patients who were admitted to the internal medicine
departments, the intensive care unit, and to the departments of
general surgery with the diagnosis of “gastro esophageal varices with
bleeding” between January 1, 2010 and December 31, 2015.

Study inclusion criteria were:
1) Age older than 18 years

2) The patient had the diagnossis of liver cirrhosis proven
by a liver biposy or a non invasive tests such as Transient

clastography

3) The patents are admiited to hospital with diagnosis of
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Table 2. The distribution of acute variceal bleeding by season, subgroup analysis.

Total | Winter | Spring | Summer | Autumn | P Value
55 32 36 33
Total, n(%) 156 0.02
(35%) | (21%) |(23%) (21%)

Men 81 30 19 17 15 0.049
‘Women 75 25 13 19 18 0.05
Age, Mean (years) | 64 63 65 64 63
Age > 60 95 33 18 25 19 0.1
Age <60 61 22 14 11 14 0.2
s NAFLD |65 22 12 16 15 0.05

HCV 37 15 7 8 7 0.18
> 2
af @
S 2 ALD 35 10 10 8 6 0.73
S E
=D

Others 19 8 3 4 5 0.31
First episode of| o, |35 13 23 22 0.015
variceal bleeding
Recurrent| s | 19 13 1 0.29
variceal bleeding
MELD score 9.57 19.62 9.75 9.8 9.02 0.83
Mortality (19% )4 59%) |40%) [26%) |412%) |0.19
NAFLD, non-alcoholic fatty liver disease; HCV, Hepatitis C virus; ALD,
Alcoholic liver disease; MELD, Model for End-Stage Liver Disease

acute gastro esophageal bleeding that was confirmed by the
observation of actively bleeding varices or varices with an
adherent clot on emergency endoscopy (performed within

48 hours of admission).

We excluded from the analysis all patients with hepatocellular

carcinoma and those treated with antithrombotic agents.

Information accessed from the database included patients’
demographic and clinical characteristic, the date of admission, the
background etiology of cirrhosis, a history of previous variceal
bleeding, and blood tests including liver and renal function tests
and parameters of complete blood count. We also received climate
data including daily weather records of northern Israel for the study
period from the Israel meteorological service (IMS), Bet-Dagan,

Israel.

The main aim of this study was to evaluate seasonal variations of
variceal bleeding in patients with chronic liver disease. To this end,

after the data was collected, all cases were categorized into twelve



1-month intervals and into four 3-month intervals (seasons): winter
was defined as January-March, spring as April-June, summer as
July-September, and autumn as October-December. The data were

analyzed according to month and season.

SPSS (Statistical Package for the Social Sciences) software was used
for statistical analysis. Distributions of events according to month and
season were first examined for homogeneity in the overall population
and then for various subgroups using y?* test. Data according to the 4
seasons were further compared using the one-way ANOVA test. A P

value < 0.05 was considered significant.
5. Results

A total of 156 patients were diagnosed with acute esophageal variceal
bleeding during the study period. Of them, 81 (52%) were male. The
mean age was 64 13 years. For 92 patients (59%), the diagnosis was
a first episode of variceal bleeding, and for the other 41% of patients
they had recurrent esophageal variceal bleeding and all of them
received seconday prophylaxis by beta-blockers. Table 1 summarizes

demographic and clinical characteristics of the study population.

Esophageal variceal bleeding exhibited a monthly variation (Figure
1) and the occurrence rate peaked in March (13.5% of cases) and
the lowest rate was in June (5.7% of cases). Esophageal variceal
bleeding exhibited also a seasonal variation (Figure 2) with peak
incidence in the winter which was 70% more than that in spring
(35% vs 20%, P=0.02). This finding was consistent in most subgroup
analyses, including male and female gender (table 2), patients with
nonalcoholic fatty liver disease (NAFLD) and patients with first
episode of esophageal bleeding, As shown in table 2, the mean age
of the patients was similar between groups and also the severity of
liver disease, assessed by the Model for End-Stage Liver Disease
(MELD) score. While peak incidences were observed in the winter
for the etiologies examined, statistical significance was not obtained,
apparently due to the small sizes of the subgroups. The total
mortality rate was 9%, without significant difference between the
groups. In multiple regression analysis, four parameters can explain
this variation, the first is NAFLD as etiology of cirrhosis in which
the variation was more prominent than other etiologies (P=0.05),
the second parameter was gamma-glutamyl transferase (GGT) level
(Figure 3), for which the mean was the lowest in the spring, the
season with the lowest rate of variceal bleeding (P=0.02), the third
parameter was the temperature in northern Israel, which is lowest
in the winter (P<0.001), and the fourth parameter was the BUN to

Creatinine ratio which was highest in the winter (P=0.03)

6. Discussion
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The present study revealed monthly variations in the incidence of
esophageal variceal bleeding in patients with liver cirrhosis. January,
February and March ate the coldest months in Israel and represent
the winter season, and according to the results of the current
study, the occurrence of esophageal variceal bleeding is highest
in the winter (Figure 2). Consistent with these findings, in a large
multicenter French study of 13514 cases, Boulay et al found that
mortality from variceal bleeding occurred more frequently in winter
months (December/January), both in the overall population and in
subgroups, according to patient characteristics [14]. In the current
study, patients whose variceal bleeding occurred in the winter had
a higher BUN/cteatinine ratio than did those who bled in other
seasons. We do not know of any studies that examined the role of
this biomarker in predicting the risk for variceal bleeding and the
seasonality of such bleeding. A few studies have suggested a role
for the BUN/cteatinine ratio in localizing the site of gastrointestinal
bleeding [15, 16], but in the current study endoscopic documentation
of variceal bleeding in all patients. The question thus arises as to an
explanation for the findings. The BUN/creatinine ratio is a marker
of dehydration. In case of dehydration, the body reacts with cardiac
output redistribution and splanchnic vasoconstriction. Dehydration
is a possible explanation for our finding, although no correlation with
temperature was revealed. We speculate that in hot months people
tend to drink more fluid, thus avoiding dehydration; whereas in the
winter, such awareness may be less prominent. Measuring blood,
urine osmolality, urine sodium or the fractional excretion of sodium
would have enabled confirming or refuting the possibility of seasonal
changes in dehydration. Another plausible explanation for the elevated
BUN/creatinine ratio in the wintet could be increased consumption
of a protein-rich diet in this season. However, we have no data on
patients’ dietary habits. A third possible explanation for the elevated
BUN/creatinine ratio in the winter is altered composition of the gut
micro biome. Davenport et al demonstrated seasonal variation in
human gut micro biome composition [17]. Gut micro flora plays an
essential role in the development of cardiovascular diseases including
hypertension [18, 19]. Thus, a change in gut flora could also influence
portal vein hemodynamics. In our study we did not examine the gut

micro biome of the patients.

Our study showed that low temperature can predict increased risk for
esophageal bleeding. Increased portal pressure and the formation of
esophageal varices were found to correlate with the risk of variceal
bleeding [20]; such an increase in portal pressure may be more
prominent in the winter. Portal flow and portal pressure have been
shown to exhibit a circadian thythm [7, 11]. The question arises as to

whether an increase in portal pressure in the winter as a physiologic



response to low temperature leading in an increased incidence of
esophageal variceal bleeding in the winter. Systemic blood pressure
has been shown to have seasonal variation and to be increased in
the winter [21]. Findings from animal studies suggest that cardiac
output and portal pressure may increase during exposure to lower
temperature [21]. Peripheral vasoconstriction induced by low
temperature may also lead to a shift in blood volume from the body

to the splanchnic circulation [23].

We also found that patients who bled in the spring, the season with
the lowest rate of esophageal variceal bleeding, had lower levels of
serum GGT. Therefore, a low GGT level may predict low risk of
bleeding, Considerable evidence shows that GGT may be a surrogate
marker of inflammation and oxidative stress [24, 25]. Novel
inflammatory biomarkers, such as IL-18 and IL-1Re, have been
shown to correlate significantly with the hepatic venous pressure
gradient (HVPG) in compensated cirrhosis [26]. Anamnestic clues
for viral infections and levels of inflammatory biomarkers, such as
c- reactive protein, erythrocyte sedimentation rate, and interleukin,
were not available in our study, so we could not investigate possible
associations of infection and inflaimmation with the risk of

esophageal variceal bleeding.

The main limitation of this study is its retrospective design;
consequently, valuable data were missing, including information
regarding portal vein pressure such as HVPG, liver stiffness and
sonographic parameters of the portal vein, dietary habits and the gut
micro biome. Such data could be useful for explaining the seasonal
variation of variceal bleeding. Another limitation is the small patient
population, which did not enable drawing conclusions regarding

certain patient subgroups.

In summary, this study provides evidence of seasonal variation of
esophageal variceal bleeding in Israeli patients with liver cirrhosis,
and increased risk of such bleeding i in the winter season. We suggest
that patients with liver cirrhosis and portal hypertension may undergo

endoscopy shortly before the winter season.
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