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Objective. To identify any concomitant complications other than bleeding (COTB) before and after endoscopic treatment of
esophagogastric variceal bleeding (EGVB) in liver cirrhosis patients and explore the underlying risk factors. Materials and
Methods. Cirrhotic patients complicated with EGVB, who underwent interventional endoscopic treatments in our hospital from
November 2017 to August 2020, were enrolled in this study. Clinical data were retrospectively analyzed for COTB at admission
and within 2 years of the first endoscopic treatment. Patients were screened for potential risk factors of COTB before and after the
treatment. Univariate analysis was performed to identify clinical factors of secondary complications, and statistically significant
factors were included in the multivariate Cox and logistic regression analyses. Results. Of the 547 patients with cirrhosis, 361
individuals had COTB in the first endoscopic treatment. In this cohort, the top 3 prevalent incidences were portal vein thrombosis
(PVT) or spongiosis, cholelithiasis, and pathogenic infections. The COTB did not occur at admission in 171 liver cirrhosis patients
but happened at the follow-up. Higher Child-Pugh scores indicated potential risks of multiple concurrent complications, in-
cluding bleeding. Risk factors for concomitant PVT or cavernous changes after endoscopic treatment of EGVB, pathogenic
infections, and cholelithiasis could prolong the cirrhosis symptoms, while noncholestatic cirrhosis patients might have a lower risk
than posthepatitis B cirrhosis patients, in the context of a higher degree of EGV and serum level of D-D and a lower blood calcium
level. Conclusions. Clinical treatment and interventions can be tailored to avoid other complications during and after EGVB
treatment, which can affect the outcome and prognosis of bleeding symptoms.

1. Introduction

Cirrhosis in the liver is an advanced-stage liver injury
characterized by multiple severe scars and compromised
liver function involving multifactorial etiologies. However,
in Europe and the United States, the major etiology is al-
coholic cirrhosis, accounting for increasing trends in liver
disease-related morbidity and mortality [1]. Notably, the
incidence rate of viral hepatitis-induced liver cirrhosis is
significantly higher in the Chinese population than that in

Western countries. Undoubtedly, liver cirrhosis has become
one of the leading public health issues globally [2]. Although
an early stage of liver cirrhosis can be cured, however, the
later stage of the disease can lead to a spectrum of secondary
complications, including progressive portal hypertension,
systemic inflammation, liver failure, liver encephalopathy,
and primary liver cancer [3], resulting in poor treatment
outcomes [4]. Interestingly, some patients develop com-
plications sequentially, while others may develop multiple
secondary symptoms simultaneously. Notably, the most
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common, aggressive, and fatal complication in liver cirrhosis
patients is the recurrent incidences of esophagogastric
variceal bleeding (EGVB) [5-7]. The mortality rate of cir-
rhosis complicated by upper gastrointestinal bleeding is
more than 40% [8]. EGVB symptoms are usually treated
with endoscopic ligation or injection of sclerosing agents
[9, 10], which may have adverse contraindications, and the
treatment efficacy is largely related to the overall health
condition of the patient [11]. It has been reported that the
failure rate of EGVB treatment can be as high as 20% [12].
Moreover, any underlying comorbidity such as ascites, in-
fections, portal thrombosis, and electrolyte imbalances can
negatively impact the outcome of endoscopic treatments and
prognosis in liver cirrhosis patients [13-15]. Importantly,
even after successful treatment, advanced-stage patients can
recur an aggressive form of EGVB during the follow-up
period [16, 17]. Therefore, we designed this study to ret-
rospectively analyze the clinical data of 547 liver cirrhosis
patients who were treated endoscopically for EGVB and
reported recurring symptoms after 2 years of the treatment
towards identifying biomarkers that might facilitate the early
diagnosis and improved interventional therapies. Further-
more, we analyzed the risk factors for the occurrence of
complications other than bleeding at the time of admission
and follow-up as well.

2. Patients and Methods

2.1. Study Population. The study population consisted of
patients admitted to the First Affiliated Hospital of Anhui
Medical University, Hefei, China, from November 2017 to
August 2020 for initial endoscopic treatment of cirrhosis-
associated EGVB, including ligation, sclerosis, tissue glue,
and combined multimodal therapies. The following criteria
were implemented to enroll study subjects: (1) diagnosed
with cirrhosis and EGVB according to the Bevano VI criteria
[18, 19] and (2) having complete clinical data. While the
exclusion criteria included the followings: (1) presenting
with excessive bleeding leading to systemic shock or even
death, (2) coagulopathy, (3) cirrhotic gastrointestinal
bleeding other than a variceal rupture, and (4) presenting
comorbidities involving other systemic malignancies (except
hepatocellular carcinoma, HCC) [20]. The data analyzed
were extracted from a retrospectively collected database,
including patients’ characteristics, laboratory indices, im-
aging examinations, and endoscopic diagnoses.

2.2. Data Collection. Clinical information of non-EGVB
cirrhotic complications [21], including gallbladder stones,
infections, portal vein thrombosis (PVT) or spongiosis, liver
encephalopathy, electrolyte imbalance, hepatorenal syn-
dromes, hepatopulmonary syndromes, and primary HCC
were extracted from the patient records at admission and
within 2 years of the first endoscopic treatment.

A total of 50 general clinical variables and physico-
chemical indicators, including sex, age, time to detect cir-
rhosis, body mass index (BMI), blood pressure (BP), heart
rate (HR), presence of liver palms/spider nevus, history of
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splenectomy, education level, smoking, alcohol consump-
tion, antiviral drug use, treatment with beta blockers, cause
of cirrhosis, diabetes mellitus, hepatitis B virus titer, degree
of EGV and its treatment, the Child-Pugh score for cirrhosis
mortality, concomitant HCC, presence of portal hyperten-
sive gastropathy, as well as the following biochemical in-
dices: D-dimer (D-D), international normalized ratio,
prothrombin time, serum levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), aspartate ami-
notransferase (AST), albumin (Alb), gamma-glutamine
transferase (GGT), alkaline phosphatase (ALP), total bili-
rubin (TB), cholinesterase (ChE), creatinine (Cr), urea,
glomerular filtration rate (GFR), triglycerides (TG), cho-
lesterol, serum calcium (sCa*?), serum sodium (sNa¥),
neutrophil (Neu) and lymphocyte count, neutrophil-to-
lymphocyte ratio (NLR), white blood cell (WBC) count,
hemoglobin (Hb), platelet (PLT) count, red blood cell (RBC)
distribution width, alpha-fetoprotein (AFP), carcinoem-
bryonic antigen (CEA), peritoneal fluid, and CLIF consor-
tium acute decompensation (CLIF-C AD) score, were
retrieved, reviewed, and documented at the admission.

2.3. Observational Indicators. Univariate logistic regression
analysis was performed using 50 clinical and physico-
chemical indicators of cirrhosis-associated complications
other than EGVB at admission and within 2 years of the first
endoscopic treatment. Variables with statistically significant
differences in the univariate analysis were subjected to
a multivariate logistic or Cox regression analysis to detect
any risk factors for concurrent and sequential COTB.

2.4. Statistical Analysis. IBM SPSS Statistics for Windows,
version 25 (IBM Corp., Armonk, NY, USA), was used for
data entry and statistical analysis. Measurement data were
represented as mean + standard deviation (SD), and the
independent samples t-test was used for comparing the
groups. Count data were described as the rate (percentage)
and the 2-test was used for between-group comparisons.
One-way and multiway logistic regression analyses were
performed to examine the risk factors affecting patients with
cirrhotic bleeding with other complications. While one-way
and multiway Cox regression analyses were used for
assessing risk factors affecting patients with cirrhotic
bleeding at a later stage. A p value of <0.05 was considered
statistically significant.

3. Results

3.1. Patients’ Characteristics. In this study, a total of 547
patients, including 375 men and 172 women, with cirrhotic
EGVB were enrolled. The age range of included patients was
18-91 (54.76 +11.89) years. The time to discovery of cir-
rhosis was 0-420 months (median: 24, and interquartile
range (IQR): 5, 72). The etiological classification of post-
hepatitis B cirrhosis was identified in 280 (51%) subjects; of
these, 124 patients were male and 47 were female presenting
other complications at the follow-up.
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3.2. Diagnosis of EGVB-Associated COTB at Admission and
Follow-Ups. Among the 547 patients, 361 patients presented
other complications of cirrhosis at admission, excluding
EGVB. In addition to bleeding, the top three most prevalent
incidences were PVT and/or cavernous lesions (n=178),
cholelithiasis (n=152), and infections (n=101). In-
terestingly, some patients had a combination of 2 or more
complications.

Of the 547 patients, ligature treatment was performed in
251 subjects, sclerotherapy in 136 cases, tissue glue in 18
cases, and combined treatment in 131 cases. A total of 171
cases of COTB occurred during the follow-up observations,
and the top three most prevalent complications in terms of
incidence rate were PVT or spongiosis (n=289), infection
(n=70), and cholelithiasis (n = 68), including some patients
with >2 complications at the same time. Moreover,
infection-associated complications could be subdivided into
the following categories: spontaneous peritonitis (1 =20),
biliary tract infection (n= 1), pulmonary infection (n=37),
intestinal infection (n=3), urinary tract infection (n=9),
and spontaneous peritonitis cum pulmonary infection
(n=7), indicating that the pulmonary infection was the
highest (53%), followed by spontaneous peritonitis (29%)
among all the prevailing complications.

The top three complications of cirrhosis at admission
and follow-up were PVT and/or cavernous changes, cho-
lelithiasis, and infections, except for EGVB (Table 1).

3.3. Assessing Risk Factors for Cirrhosis-Related Complications
of EGVB at Admission. The results of the univariate analysis
showed that the early detection of cirrhosis could be chal-
lenging and might take longer than the usual diagnosis time
among the elderly. Moreover, aged individuals presented an
absence of splenectomy, a higher Child-Pugh score, elevated
levels of D-D and ALP, lower blood Ca*? level, and a higher
neutrophil count. Additionally, higher NLR, WBC, and PLT
counts and increased CLIF-C AD scores were associated
with a higher risk of complications other than cirrhotic
esophagogastric variceal bleeding at admission (odds ratio
(OR) =1.205; p <0.05; Table 2).

3.4. Top Three Major Complications and Risk Factors for
Postendoscopic COTB

3.4.1. Analysis of Risk Factors for the Occurrence of PVT or
Cavernous Lesions. Univariate analysis revealed that the risk
of subsequent PVT or cavernous changes was considerably
higher in elderly male patients. These patients required
a longer diagnosis time and had a history of splenectomy.
Notably, these elderly patients without any antiviral thera-
pies exhibited noncholestatic cirrhosis and higher levels of
GGT and ALP, along with increased scores of CLIF-C AD.
The multifactorial Cox regression analysis indicated that
a longer duration of cirrhosis could be a risk factor for
subsequent PVT (hazard ratio (HR)=1.003; p <0.05) and
a lower risk factor of PVT and/or cavernous lesions in
cholestatic cirrhosis compared to the posthepatitis B cir-
rhosis (HR=0.201; p = 0.041; Table 3).

3.4.2. Analysis of Risk Factors for the Occurrence of Infection.
Furthermore, univariate analysis revealed that EGVB pa-
tients who had a higher D-D and lower levels of Alb, Ca*?,
and Hb levels were at the increased risk of subsequent in-
tections. Multifactorial Cox regression analysis also con-
firmed that severe EGV pathology and a higher D-D level
were independent risk factors for secondary infections
(HR=1.093; p <0.05; Table 4).

3.4.3. Analysis of Risk Factors for the Development of
Cirrhosis-Related Cholelithiasis. Univariate analysis dem-
onstrated that patients without a history of splenectomy and
sclerotherapy, lower blood Ca*® levels, and reduced
PLT count had a higher risk of secondary cirrhosis-related
cholelithiasis, which was further validated by the multifac-
torial Cox regression analysis (HR =0.25; p < 0.05; Table 5),
indicating that a higher blood Ca** level could be a protective
factor against the subsequent cholelithiasis.

4. Discussion

Liver cirrhosis is a chronic liver disease with clinical
manifestations of liver scars, portal hypertension, and even
serious secondary complications such as viral infections,
liver coma, and gastrointestinal bleeding in advanced stages.
However, EGVB is the most common complication of liver
cirrhosis in the decompensated phase. It has been shown
that approximately 30-40% of liver cirrhosis patients exhibit
upper gastrointestinal bleeding as the disease progresses,
which is often the most common cause of first hospitali-
zation in patients with advanced cirrhosis [22]. Also, several
studies have reported that EGVB can complicate the out-
come in liver cirrhosis patients [23-25]. These studies have
further analyzed the risk factors of bleeding and rebleeding
after endoscopic treatment to inhibit the recurrence of
EGVB and improve the quality of life of these patients.
However, cirrhosis is often combined with other compli-
cations in addition to EGVB, which might subside the
treatment benefits and prognosis of liver cirrhosis [13-15].

We first retrospectively analyzed the clinical data and
found that 361 patients had already presented other com-
plications of cirrhosis at the time of admission. The top three
complications were PVT or sponge-like changes, choleli-
thiasis, and infections. A total of 171 cases did not present
COTB in cirrhosis at the time of admission, but bleeding
symptoms were prevalent during the follow-up (Table 1),
which was consistent with the main complications of cir-
rhosis described in the Chinese textbook such as bleeding
esophageal varices, cholelithiasis, infection, liver encepha-
lopathy, and PVT or spongiform changes. Notably, other
studies have reported a wide variety of complications in liver
cirrhosis patients, which might be attributed to the different
races and geographical locations of the study populations
[2, 26, 27]. The three major complications occurring before
and after the bleeding treatments were consistent, suggesting
that bleeding treatment did not affect these complications.

The COTB at admission can aggravate EGVB and in-
terfere with the first endoscopic treatment [13-15].
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TaBLE 2: Univariate and multivariate analyses of risk factors for patients with extra-hemorrhagic complications at admission (logistic

regression).

- Single factor analysis Multifactor analysis
Characteristics

OR 95% CI p OR 95% CI p

Gender (female) 1.13 0.78-1.66 0.52
Age (years old) 1.02 1.01-1.035 0.011  1.039 0.942-1.145 0.444
Time of cirrhosis was found (years) 1 1-1.01 0.03 1.002 0.998-1.005 0.411
BMI 0.972  0.94-1.005 0.121
Blood pressure 0.67 0.44-1 0.051
Heart rate 1.26 0.75-2.11 0.38
Liver and palm spider nevus (yes) 1.03  0.65-1.63 0.89
History of splenectomy (yes) 0.318 0.171-0.593 <0.001 0.392 0.153-1.005 0.051
Education level primary school vs. none 0.7 0.36-1.38 0.3
Education level: junior high vs. none 0.61 0.31-1.21 0.16
Education level: high school vs. none 0.68  0.32-1.44 0.31
University education or above vs. none 0.52 0.14-1.89 0.32
Smoking (yes) 1.13 0.73-1.74 0.59
Drink alcohol (yes) 1.19 0.81-1.74 0.38
Antiviral drug use. No vs. yes 0.94  0.64-1.36 0.73
Whether to take beta blockers. No vs. yes 0.52  0.11-2.54 0.42
Etiology of cirrhosis: Posthepatitic C vs. posthepatitic B 2.04  0.42-9.99 0.38
Etiology of cirrhosis. Alcoholic cirrhosis vs. posthepatitis B cirrhosis 0.85  0.47-1.53 0.58
Etiology of cirrhosis. Mixed cirrhosis vs. posthepatitis B cirrhosis 2.11 0.93-4.79 0.07
Etiology of cirrhosis. Autoimmune cirrhosis vs. posthepatitis B cirrhosis  0.65  0.24-1.75 0.4
Etiology of cirrhosis: Cholestatic cirrhosis vs. posthepatitis B cirrhosis 2.04  0.89-4.64 0.09
Schistosomiasis is the cause of cirrhosis 0.58  0.16-2.06 0.4
Etiology of cirrhosis. Unknown cause vs. posthepatitis B cirrhosis 1.11 0.69-1.79 0.66
Diabetes (yes) 0.88 0.55-1.39 0.58
HBYV titer PCR.IUML 0.71 0.39-1.29 0.27
Degree of esophageal and fundus varices. Heavy vs. medium 1157 0.691-1.936  0.58
The treatment of varicose veins. Sclerotherapy vs. ligation 117 0.75-1.82 0.49
The treatment of varicose veins. Tissue glue vs. ligation 1.4 0.48-4.07 0.53
The treatment of varicose veins. Combination therapy vs. ligation 0.87  0.56-1.35 0.55
Grading of child 1.16 1.06-1.26  <0.001 1.204 1.068-1.357 0.002
Whether it is complicated with liver cancer (yes) 0.75 0.4-1.42 0.38
Portal hypertensive gastropathy (yes) 143 0.82-2.51 0.21
D-dimer 1.22 1.09-1.36  <0.001 1.13 1-1.281 0.051
International standardized ratio (INR) 1.87 0.81-4.34 0.15
Prothrombin time (PT) 1 0.96-1.03 0.82
Alanine aminotransferase (ALT) 1 1-1.01 0.18
Aspartic acid aminotransferase (AST) 1 1-1 0.14
Aspartate aminotransferase. (AST), platelets (PLT), APRI 1.15 0.98-1.36 0.09
Albumin (ALB) 0.96 0.93-0.98 0.003 1.016 0.962-1.073 0.563
y Glutamine transferase. Gamma GT 1 1-1 0.81
Alkaline phosphatase (ALP) 1 1-1.01 0.01  1.001 0.999-1.004 0.278
Total bilirubin (TBil) 1.01 1-1.02 0.26
Creatinine (Cr) 1 0.99-1.01 0.8
The urea 1.06 1-1.13 0.06
Glomerular filtration rate (GFR) 1 0.99-1.01 0.84
Triglyceride trifat 1.03 0.95-1.11 0.47
Cholesterol 0.89 0.72-1.1 0.29
Blood calcium 0.3 0.1-0.92 0.04 0.594 0.101-3.499 0.565
Serum sodium 0.97  0.93-1.02 0.27
Neutrophils (Neu) 1.18 1.06-1.31 <0.001 0.8  0.424-1.507 0.489
Lymphocyte count (LYM) 0.98 0.85-1.13 0.75
Neutrophils. Ratio of neutrophils to lymphocytes 1.14 1.05-1.24  0.002 1.189 0.999-1.416 0.052
White blood cell (WBC) count 1.14 1.05-1.23  <0.001 1.181 0.733-1.902 0.494
Hemoglobin (Hb) 0.99 0.99-1 0.07
Platelet count (PLT) 1 1-1.01 0.01 1.001  0.997-1.005 0.604
Erythrocyte distribution width. RDW. CV 1.06  0.99-1.13 0.08
CLIF-C Ads 1.076 1.025-1.131  0.003 0.923 0.662-1.286 0.636

CLIF-C Ads, CLIF consortium acute decompensation score; OR, odds ratio; CI, confidence interval.
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TaBLE 3: Univariate and multivariate analyses of factors affecting the occurrence of portal vein thrombosis and/or cavernous lesions in liver
cirrhosis patients during the late follow-up (Cox regression analysis).

- Single-factor analysis Multifactor analysis

Characteristics
HR 95% CI P HR 95% CI p

Gender: 1 male and 2 female 0.52 0.31-0.89  0.017 0.884 0.444-1.76  0.725
Age (years old) 0.973 0.954-0.992 0.006 1.072 0.644-1.784 0.79
Time of cirrhosis was found (years) 1.004 1.001-1.006 0.005 1.004 1.001-1.007 0.022
The square of the height of the kg. weight 1.035 0.993-1.079 0.103
Blood pressure. Systolic pressure 90-139 vs. 90 2.03 0.64-6.45  0.229
Blood pressure. Systolic blood pressure 140-159 vs. 90 207  0.57-7.54  0.269
Blood pressure. Systolic blood pressure 160-179 vs. 90 0 0-Inf 0.997
Blood pressure. Systolic blood pressure greater than 180 vs. 90 0 0-Inf 0.998
Heart rate. 60-100 beats per minute vs. less than 60 beats per minute 2.8 0.39-20.14  0.306
Heart rate. Over 100 beats per minute vs. less than 60 beats per minute  4.47  0.57-34.89  0.154
Spider nevus of liver and palm (none) 1.02 0.62-1.67  0.949
History of splenectomy (none) 0.62 0.38-1 0.049 1.024 0.58-1.808 0.935
Education level primary school vs. none 122 0.56-2.67  0.62
Education level: junior high vs. none 1.69 0.77-3.7 0192
Education level: high school vs. none 1.94 0.86-4.4 0.111
University education or above vs. none 1.56 0.33-7.37  0.576
Smoking (yes) 0.99 0.6-1.64  0.965
Drink alcohol (yes) 0.98 0.63-1.53  0.932
Antiviral drug use. No vs. yes 0.595 0.391-0.907 0.016 0.917 0.533-1.576 0.753
Whether to take beta blockers. No vs. yes 1.1 0.27-4.46  0.897
Etiology of cirrhosis: posthepatitic C vs. posthepatitic B 0.51 0.12-2.09 0349 111 0.248-4.964 0.891
Etiology of cirrhosis. Alcoholic cirrhosis vs. posthepatitis B cirrhosis 0.41 0.18-0.96  0.045 0.63 0.239-1.662  0.35
Etiology of cirrhosis. Mixed cirrhosis vs. posthepatitis B cirrhosis 0.72 0.36-1.47 037 0779 0.347-1.748 0.545
Etiology of cirrhosis. Autoimmune cirrhosis. vs. posthepatitis B cirrhosis  0.38 0.09-1.57  0.181 0.563 0.114-2.788 0.482
Etiology of cirrhosis: cholestatic cirrhosis vs. posthepatitis B cirrhosis 0.12 0.03-0.51  0.004 0.201 0.043-0.938 0.041
Schistosomiasis is the cause of cirrhosis 0 0-Inf 0.995 0 0-1.8E+271 0.973
Etiology of cirrhosis. Unknown cause vs. posthepatitis B cirrhosis 1.02  0.56-1.83 0958 1102 0.537-2.264 0.791
Diabetes (yes) 1.44 0.8-2.59 0.225
HBYV titer PCRIUML. 1. Negative. 1000ium.2. Positive. 1000 IUml.I 0.79 0.35-1.82  0.583
Degree of esophageal and fundus varices. Heavy vs. medium 0.699 0.431-1.132 0.146
The treatment of varicose veins. Sclerotherapy vs. ligation 0.91 0.55-1.48  0.694
The treatment of varicose veins. Tissue glue vs. ligation 1.52 0.47-4.93  0.486
The treatment of varicose veins. Combination therapy vs. ligation 1.22 0.7-2.11 0.486
Grading of child 0.97 0.89-1.05  0.438
Whether it is complicated with liver cancer (1) yes and (2) no 0.92 0.4-2.08 0.836
Whether there is portal hypertensive gastropathy (1) yes and (2) no 0.84 0.42-1.68 0.63
D-dimer 1.02 0.95-1.09 0.615
International standardized ratio (INR) 1.1 0.5-2.42 0.805
Prothrombin time (PT) 1.02 0.95-1.1 0.531
Alanine aminotransferase (ALT) 1 1-1 0.758
Aspartic acid aminotransferase (AST) 1 44562 0.358
Aspartate aminotransferase (AST). Platelets (PLT). APRI 0.95 0.82-1.09 0.47
Albumin (ALB) 1.01 0.98-1.03 0.568
Gamma transglutaminase 0.997 0.994-1 0.033 0.998 0.993-1.002 0.301
Alkaline phosphatase (ALP) 0.997 0.994-1 0.022 1 0.995-1.005 0.911
Total bilirubin (TBil) 0.99 0.97-1 0.052
Creatinine (Cr) 1 0.99-1 0.335
The urea 0.99 0.93-1.04  0.635
Glomerular filtration rate (GFR) 1.01 1-1.02 0.103
Triglyceride trifat 0.53 0.24-1.19  0.125
Cholesterol 0.99 0.82-1.19  0.886
Blood calcium 1.17 0.35-3.89 0.8
Serum sodium 1 0.93-1.07  0.937
Neutrophils (Neu) 0.95 0.86-1.05  0.306
Lymphocyte count (LYM) 097  0.73-129  0.846
Neutrophils. Ratio of neutrophils to lymphocytes 0.97 0.91-1.04  0.422
White blood cell count 0.97 0.91-1.04  0.412

Hemoglobin (Hb) 1 1-1.01 0.269
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TaBLE 3: Continued.

o Single-factor analysis Multifactor analysis
Characteristics
HR  95% CI p  HR  95%CI p
Platelet count (PLT) 1 1-1 0.15
Erythrocyte distribution width. RDW. CV 0.99 0.92-1.07  0.781
CLIE-C Ads 093 0.881-0.981 0.008 0.954 0.898-1.014 0.13

CLIF-C Ads, CLIF consortium acute decompensation score; HR, hazard ratio; CI, confidence interval.

TaBLE 4: Univariate and multivariate analyses of factors affecting the occurrence of infection in liver cirrhosis patients during the late
follow-up (Cox regression analysis).

- Single-factor analysis Multifactor analysis
Characteristics
HR 95% CI p HR 95% CI p

Gender: 1 male and 2 female 1.04  0.62-1.75 0.88

Age (years old) 1.02 1-1.04 0.09

Time of cirrhosis was found (years) 1 1-1 0.685

The square of the height of the kg weight 1.2 0.6-2.38 0.606

Blood pressure. Systolic pressure 90-139 vs. 90 073  0.29-1.83  0.508

Blood pressure. Systolic blood pressure 140-159 vs. 90 0.56  0.17-1.84  0.338

Blood pressure. Systolic blood pressure 160-179 vs. 90 1.53  0.29-7.91 0.614

Blood pressure. Systolic blood pressure greater than 180 vs. 90 0 0-Inf 0.995

Heart rate. 60-100 beats per minute vs. less than 60 beats per minute 1.13  0.28-4.62  0.866

Heart rate. Over 100 beats per minute vs. less than 60 beats per minute ~ 0.67  0.12-3.65  0.642

Liver and palm spider nevus (yes) 0.85 0.5-1.45 0.543

History of splenectomy (yes) 079  0.45-1.38  0.407

Education level: primary school vs. none 1.12 0.5-2.49 0.78

Education level: junior high vs. none 1.4 0.63-3.11 0.414

Education level high school vs. none 0.67  0.26-1.74  0.407

University education or above vs. none 0 0-Inf 0.995

Smoking (yes) 1.34 0.72-2.5 0.355

Drink alcohol (yes) 0.89 0.54-1.46 0.636

Antiviral drug use. No vs. yes 1.06  0.65-1.73  0.817

Whether to take beta blockers. No vs. yes 1.99  0.28-14.41  0.49%4

Etiology of cirrhosis: posthepatitic C vs. posthepatitic B 2 0.61-6.57  0.253

Etiology of cirrhosis. Alcoholic cirrhosis vs. posthepatitis B cirrhosis 1.67  0.79-3.52  0.177

Etiology of cirrhosis. Mixed cirrhosis vs. posthepatitis B cirrhosis 1.41 0.65-3.07 0.39

Etiology of cirrhosis. Autoimmune cirrhosis. vs. posthepatitis B cirrhosis 1.9 0.67-5.41  0.227

Etiology of cirrhosis: cholestatic cirrhosis vs. posthepatitis B cirrhosis 1.73  0.79-3.77 0.17

Schistosomiasis is the cause of cirrhosis 0 0-Inf 0.995

Etiology of cirrhosis. Unknown cause vs. posthepatitis B cirrhosis 1.02  0.47-2.24  0.951

Diabetes (yes) 0.86 0.48-1.55 0.621

HBYV titer PCR.IUML. 1. Negative. 1000ium.2. Positive.1000 IUml.1 0.93 0.37-2.32 0.881

Degree of esophageal and fundus varices. Heavy vs. medium 0.24  0.08-0.77  0.016 0.203 0.062-0.667 0.009
The treatment of varicose veins. Sclerotherapy vs. ligation 0.79 0.44-1.4 0.414

The treatment of varicose veins. Tissue glue vs. ligation 1.1 0.26-4.61  0.897

The treatment of varicose veins. Combination therapy vs. ligation 1.27  0.69-2.33 0.44

Grading of child 1.1 0.99-1.22 0.08

Whether it is complicated with liver cancer. (1) yes and (2) no 0.93 0.41-2.13 0.867

Whether there is portal hypertensive gastropathy (1) yes and (2) no 1.69  0.61-4.63 0.31

D-dimer 1.09 1.01-1.17 0.025 1.093 1.002-1.193 0.046
International standardized ratio (INR) 1.27 0.5-3.24 0.612

Prothrombin time (PT) 1.04 0.96-1.12 0.371

Alanine aminotransferase (ALT) 1 1-1 0.553

Aspartic acid aminotransferase (AST) 1 1-1 0.495

Aspartate aminotransferase (AST). Platelets (PLT). APRI 0.93 0.79-1.11 0.443

Albumin (ALB) 0.96 0.92-0.99 0.022 0979 0.932-1.03 0416
Gamma transglutaminase 1 1-1 0.715

Alkaline phosphatase (ALP) 1-1 0.407

Total bilirubin (TBil)
Creatinine (Cr)

0.98-1.01 0.841
0.99-1.01 0.487

—
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TaBLE 4: Continued.
o Single-factor analysis Multifactor analysis
Characteristics
HR 95% CI p HR 95% CI p

The urea 1.04 0.99-1.09 0.127

Glomerular filtration rate (GFR) 1 0.99-1.01 0.744

Triglyceride trifat 1 0.37-2.73  0.998

Cholesterol 0.85 0.61-1.2 0.355

Blood calcium 0.18 0.08-0.43 <0.001 0.497 0.117-2.11 0.343
Serum sodium 1.06 0.97-1.15 0.184

Neutrophils (Neu) 1.01 0.93-1.09 0.866

Lymphocyte count (LYM)

Neutrophils. Ratio of neutrophils to lymphocytes
White blood cell count

Hemoglobin (Hb)

Platelet count (PLT)

Erythrocyte distribution width. RDW. CV
CLIF-C Ads

0.97 0.7-1.34 0.85
1.01 0.96-1.06 0.78

1 0.94-1.07 0.948
0.99 0.98-1 0.047 0.997 0.983-1.011 0.997
1 1-1 0.731
1.04 0.96-1.13 0.315

1.043 0.976-1.114 0.21

CLIF-C Ads, CLIF consortium acute decompensation score; HR, hazard ratio; CI, confidence interval.

Furthermore, the risk factor assessment of these patients
showed that the Child-Pugh score was an independent risk
factor of COTB at admission. The Child-Pugh scoring is the
most used scoring system to assess the prognosis of patients
with cirrhosis [28], and it includes indicators that are the
major products of liver metabolism such as bilirubin, Alb,
and thrombin. A higher Child-Pugh score indicates de-
teriorating liver functions and an enhanced likelihood of
multiple comorbidities [29]. Based on these results, it is
imperative to determine the grade of liver function first and
design strategies to rescue the liver from irreversible injuries.

Among the 171 patients, COTB in the cirrhotic
esophagus did not occur at the time of admission but did
during the follow-up or subsequent treatments for bleeding
prevention, which possibly exerted a negative impact on the
prognosis [16, 17]. The risk factor analysis of the top three
complications of this group of patients revealed that the
longer diseased period, etiology of cirrhosis, and no prior
history of splenectomy were independent predictors of PVT
and/or cavernous lesions in these patients. The latter is
caused by the long-term effects of portal hypertension in
cirrhosis, while portal/cavernous venous thrombosis
changes, once formed, exacerbate portal hypertension,
leading to a vicious cycle of liver injury. Thus, cirrhosis and
cavernous changes in the portal vein can pathologically
interact with each other, suggesting that the length of the
cirrhotic phase could be directly linked to the onset of
secondary complications. Among these causes, cholestatic
cirrhosis has a reduced risk of PVT development compared
to posthepatitis B cirrhosis. There has been only a handful of
studies investigating the crosstalk between biliary cirrhosis
and PVT/portal spongiform. One study [30] reported an
increased risk of PVT in the patients with autoimmune
hepatitis awaiting liver transplantation, which is inconsistent
with the findings of the present study. Regarding the un-
derlying etiologies, the low risk of PVT and/or cavernous
changes in the patients with biliary cirrhosis has been linked
to the medications taken by this group of patients. Patients
with cholestatic cirrhosis are wusually treated with

ursodeoxycholic acid for a long time. These patients often
present other systemic symptoms such as rheumatoid ar-
thritis, dry syndrome, thyroiditis, and autoimmune diseases
that require treatment with steroid hormones and drugs,
which might reduce the regional portal pressure [31, 32]. In
this study, 34 of the 36 patients with cholestatic cirrhosis
were treated with ursodeoxycholic acid and/or steroid
hormones, thus minimizing the incidence of PVT and/or
spongiosis. It is discovered through a 2015 meta-analysis
[33] that D-dimer concentrations are higher among cirrhotic
patients with PVT compared with those without PVT.
However, no correlation between D-dimer and portal
thrombosis is identified in our study, thus raising our
concerns. Related studies have shown that more factors
promote portal thrombosis, mainly 3 types of factors: slow
portal blood flow, changes in coagulation mechanisms, and
endothelial damage [34]. It is difficult to determine the
formation of PVT by merely one factor, for it should be
verified in several studies. In a retrospective study of 66
patients [35], 24 are diagnosed with PVT, indicating little
discrepancy in the D-dimer level between the PVT and non-
PVT groups, and there is no correlation between D-dimer
and PVT in cirrhosis. Our data encompass 547 cases, of
which 178 (49.31%) are combined with PVT and all involve
recent bleeding, considering that bleeding decreases the D-
dimer levels of patients and thus affects the statistical results
of the relationship between D-dimer and portal thrombosis
in cirrhosis. As most of the current studies on the association
between D-dimer and PVT in cirrhosis are retrospective
analyses (mostly data between 2003 and 2010) by nature,
there is a lack of prospective and multicentre study data. We
have already conducted follow-up prospective multicentre
studies (at the First Affiliated Hospital of Anhui Medical
University, the 901 Hospital of Joint Logistics Support Force,
and Fuyang Second People’s Hospital) to continuously
follow the relationship between the two.

Here, the degree of EGV and the D-D level was found to
be independent risk factors for secondary infections. A
higher degree of esophageal varices suggests a higher portal
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TaBLE 5: Univariate and multivariate analyses of factors affecting the occurrence of cholelithiasis in liver cirrhosis patients during the late

follow-up (Cox regression analysis).

Single-factor analysis

Multifactor analysis

Characteristics
HR 95% CI p HR 95% CI p

Gender: 1 male and 2 female 1.29 0.78-2.15 0.321

Age (years old) 1.01 0.99-1.03  0.506

Time of cirrhosis was found (years) 1 1-1.01 0.154

The square of the height of the kg weight 1.015 0.967-1.066 0.546

Blood pressure. Systolic pressure 90-139 vs. 90 1.27 0.4-4.06  0.683

Blood pressure. Systolic blood pressure 140-159 vs. 90 0.8 0.19-3.36  0.763

Blood pressure. Systolic pressure 160-179 vs. 90 1.31 0.14-12.61 0.815

Blood pressure. Systolic blood pressure greater than 180 vs. 90 0 0-Inf 0.995

Heart rate. 60-100 beats per minute vs. less than 60 beats per minute 24892341.78 0-Inf 0.996

Heart rate. Over 100 beats per minute vs. less than 60 beats per minute 36261614.52 0-Inf 0.996

Spider nevus of liver and palm (none) 1.05 0.59-1.86  0.87

History of splenectomy (none) 2.44 1.12-5.35 0.025 1.42 0.54-3.71 0.4783
Education level primary school vs. none 0.88 0.42-1.87 0.741

Education level: junior high vs. none 0.69 0.31-1.52  0.351

Education level: high school vs. none 0.56 0.23-1.38  0.209

University education or above vs. none 1.34 0.29-6.21  0.707

Smoking (yes) 1.1 0.6-2.01  0.757

Drink alcohol (yes) 1.75 0.99-3.11  0.055

Antiviral drug use. No vs. yes 1.1 0.67-1.82  0.708

Whether to take beta blockers. No vs. yes 2.02 0.28-14.54 0.486

Etiology of cirrhosis: Posthepatitic C vs. posthepatitic B 1.45 0.45-4.69  0.537

Etiology of cirrhosis. Alcoholic cirrhosis. vs. posthepatitis B cirrhosis 0.54 0.21-1.36  0.191

Etiology of cirrhosis. Mixed cirrhosis vs. posthepatitis B cirrhosis 0.41 0.15-1.16  0.093

Etiology of cirrhosis. Autoimmune cirrhosis. vs. posthepatitis B cirrhosis 1.06 0.33-3.42  0.926

Etiology of cirrhosis: Cholestatic cirrhosis vs. posthepatitis B cirrhosis 0.96 0.43-2.14 0913

Schistosomiasis is the cause of cirrhosis 0 0-Inf 0.995

Etiology of cirrhosis. Unknown cause vs. posthepatitis B cirrhosis 0.58 0.26-1.3  0.184

Diabetes (yes) 1.35 0.69-2.63  0.386

HBYV titer PCR.IUML. 1. Negative. 1000 IUml.2. Positive.1000 IUml.l 1.54 0.7-3.36  0.283

Degree of esophageal and fundus varices. Heavy vs. medium 1.184 0.634-2.21 0.621

The treatment of varicose veins. Sclerotherapy vs. ligation 0.7 0.4-1.23 021 0.7 0.39-1.27 0.2448
The treatment of varicose veins. Tissue glue vs. ligation 3.09 1.09-8.78 0.034 2.8 0.98-8.03 0.055
The treatment of varicose veins. Combination therapy vs. ligation 0.79 0.41-1.53  0.479 0.65 0.32-1.33 0.2369
Grading of child 1.02 0.92-1.13  0.653

Whether it is complicated with liver cancer. (1) yes and (2) no 1.53 0.51-4.55  0.446

Whether there is portal hypertensive gastropathy. (1) yes and (2) no 0.8 0.36-1.74  0.566

D-dimer 0.95 0.85-1.05 0.286

International standardized ratio (INR) 1.23 0.49-3.09 0.655

Prothrombin time (PT) 1.02 0.94-1.11 0.606

Alanine aminotransferase (ALT) 1 1-1 0.789

Aspartic acid aminotransferase (AST) 1 1-1 0.195

Aspartate aminotransferase (AST). Platelets (PLT). APRI 1.09 1-1.19 0.059

Albumin (ALB) 0.99 0.96-1.02  0.587

Gamma transglutaminase 1 1-1 0.756

Alkaline phosphatase (ALP) 1 1-1 0.427

Total bilirubin (TBil) 1 0.99-1.01 0.901

Creatinine (Cr) 1 1-1.01 0.323

The urea 1.04 0.99-1.09 0.089

Glomerular filtration rate (GFR) 1 0.99-1.01 0.591

Triglyceride trifat 1.62 0.73-3.58  0.234

Cholesterol 1.03 0.8-1.32  0.834

Blood calcium 0.23 0.06-0.82  0.023 0.25 0.07-0.95 0.0425
Serum sodium 1.06 0.97-1.15  0.205

Neutrophils (Neu) 1.07 0.99-1.15 0.083

Lymphocyte count. LYM 0.69 0.47-1.03  0.066

Neutrophils. Ratio of neutrophils to lymphocytes 1.04 0.99-1.08 0.124

White blood cell count 1.02 0.95-1.1  0.559

Hemoglobin (Hb) 0.99 0.99-1 0.312
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TaBLE 5: Continued.

o Single-factor analysis Multifactor analysis

Characteristics
HR 95%CI  p HR 95%CI  p

Platelet count (PLT) 0.99 0.99-1 0.005 1 0.99-1 0.1251
Erythrocyte distribution width. RDW. CV 1 0.92-11  0.927
CLIF-C Ads 1.037 0.984-1.093 0.172

CLIF-C Ads, CLIF consortium acute decompensation score; HR, hazard ratio; CI, confidence interval.

pressure, which in combination with collateral circulation
leads to a decrease in the abdominal blood flow entering the
liver through the portal vein and affects the detoxification
and immune function of the liver. This condition ultimately
compromises the defense mechanism of the body, leading
to an increased susceptibility to pathogenic infections [36].
Moreover, the degree of portal vein hypertension is pos-
itively correlated with the degree of decompensation of
cirrhosis. Of note, the severity of liver cirrhosis facilitates
the impact on the liver-intestinal axis, resulting in an al-
tered intestinal barrier and increased permeability of
pathogens to the blood circulation [37]. The serum level of
D-D, as a cross-linked fibrin hydrolysis product, is closely
related to the coagulation and fibrinolytic status of the
blood. Studies have reported that this factor is significantly
elevated in patients with cirrhosis [38, 39] and is associated
with PVT pathogenesis [40]. In addition to suggesting the
blood coagulation status, the serum D-D level reflects the
occurrence of infection, inflammation, and trauma in the
body. In vitro experiments have demonstrated that D-D
can influence the process of immune cell differentiation,
which in turn alters the distribution of its downstream
inflammatory factors. An increased level of D-D is asso-
ciated with the activation of the coagulation system under
systemic inflammations. One study [41] has shown that the
serum D-D level can be used as a diagnostic marker for
spontaneous peritonitis in cirrhosis, which is consistent
with the results of the present study.

In patients with cirrhosis, hypocalcemia is prevalent due
to reduced intake, poor absorption, low Alb, decreased
parathyroid hormone, and reduced vitamin D levels [42].
Blood calcium concentration can be used as an indicator to
determine the degree of impairment of the liver function in
patients with cirrhosis. It also has clinical significance and
a predictive value for the evaluation of the treatment and
prognosis of liver cirrhosis [43]. Studies [44] have reported
that elevated blood calcium is a critical risk factor for cir-
rhosis, but the mechanism remains yet unknown. We found
that low blood calcium levels could be an independent risk
factor for cirrhosis-related gallstone diseases. Since no rel-
evant studies have been reported for reference, the specific
mechanism is still unclear. It might be explained as follows:
long-term hypocalcemia in liver cirrhosis patients can lead
to disturbances in calcium homeostasis, altered bile acid
secretion, and gallbladder contraction dysfunction, facili-
tating the formation and deposition of insoluble calcium
salts upon reacting with bilirubin to form gallbladder stones.
Therefore, further studies are warranted to better un-
derstand this mechanism.

In conclusion, the higher Child-Pugh score in liver
cirrhosis patients undergoing endoscopic treatments for
EGVB is likely to induce multiple concurrent comorbidities.
Furthermore, a relatively longer duration of cirrhosis can
significantly increase the probability of sequential PVT.
However, cholestatic cirrhosis has a lower risk of PVT or
cavernous changes than patients with posthepatitis B cir-
rhosis. Moreover, patients with advanced-stage EGV and
elevated levels of D-D in the serum could have increased
susceptibility towards pathogenic infections. Besides, lower
blood calcium levels may increase the risk of cholelithiasis.
Clinically, patients can receive targeted treatments and in-
terventions accordingly to avoid the onset of other sec-
ondary combinations during and after the treatment of
EGVB in cirrhosis, thus improving the outcome and
prognosis of the patients suffering from bleeding symptoms.

5. Limitations

This is a single-center clinical retrospective study, and the
conclusions only represent the disease characteristics of the
patients in our center. The universality of the conclusions
needs further support from multicentre studies.
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