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ABSTRACT

Objective: To establish and verify a nomogram for individualized prediction of patients with oesophageal and gastric variceal
rupture and haemorrhage in cirrhosis.

Study Design: Descriptive study.

Place and Duration of Study: Department of Digestive Internal Medicine, Funan County People’s Hospital, Anhui, China, from
June 2017 to June 2020.

Methodology: Univariate and multivariate logistic regression analyses were used to identify the risk factors for oesophageal
and gastric variceal bleeding in cirrhosis. An individualized risk prediction model was established, which was validated by the
parallel bootstrap method and an external validation set.

Results: It was found that emotional stimuli (OR=4.591, 95% CI: 1.419-14.852), improper diet (OR=3.702, 95% Cl:
1.606-8.526), overwork (OR=3.529, 95% Cl: 1.331-9.366), lower temperature (OR=3.013, 95% Cl: 1.242-7.308), and increased
abdominal pressure (OR=2.416, 95% Cl: 0.900-6.487) were independent risk factors for oesophageal and gastric variceal
bleeding in cirrhosis. A risk prediction model was established based on the five risk factors, and the R equation test showed that
the C-index of the modelling group and the verification group was 0.815 (95% CI: 0.794-0.836) and 0.812 (95% CI:
0.793-0.831), respectively.

Conclusion: The results of the correction curve showed little difference, which indicated that the risk prediction model has

good accuracy and differentiation.
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INTRODUCTION

Acute upper gastrointestinal bleeding is a common complica-
tion of the digestive tract system, and the most common cause
isoesophageal orgastricfundusvaricoseveinruptureindecom-
pensated cirrhosis, which can seriously endanger the life of
patients.' Gastric fundus or oesophageal varicose vein rupture
is mainly caused by increased portal vein pressure.’In general,
patients with advanced cirrhosis may suffer complications such
as gastric fundus or oesophageal varicose veins and increased
portal vein pressure.’ Increased portal vein pressure may cause
gastric fundus and oesophageal varices, the submucosal small
vessel wall will become thinner, and its brittleness will increase,
which can lead to bleed. Severe cases may develop massive
haematosis, endangering their safety.’
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it is difficult to treat oesophageal and gastric variceal bleeding
in cirrhosis, which may threaten the life and safety of
patients.>® Clinical studies have shown that the risk of
oesophageal and gastric fundus venous rupture is approxi-
mately 30%-50%, and 50% of patients will experience repeated
massive bleeding within 1 to 2 years, with a mortality rate of
40%-70%." Bleeding does not directly lead to the death of the
patient but liver failure and liver coma. In addition, massive
bleeding can lead to insufficient blood supply to the brain of the
patient, inducing shock, or even threatening the life of the
patient.® Therefore, the analysis of risk factors for bleeding of
oesophageal and gastric fundus variceal bleeding in cirrhosis
can help medical staffs take targeted treatment and prevention
measures to reduce the incidence and mortality of gastroin-
testinal bleeding and improve the quality of life of patients. The
objective of this study was to establish and verify a nomogram
for individualized prediction of patients with oesophageal and
gastricvariceal ruptureand haemorrhageincirrhosis.

METHODOLOGY

Atotal of 330 patients with oesophageal and gastric fundus vari-
cose veins with cirrhosis admitted to Funan County People’s
Hospital, Anhui, China, from June 2017 to June 2020 were
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selected. The inclusion criteria were patients who met the diag-
nostic criteria for oesophageal and gastric fundus varicose veins
with cirrhosis as specified in “the expert consensus on the diag-
nosis and treatment of esophageal and gastric fundus varicose
vein ravage and bleeding in cirrhosis portal hypertensive
patients” (2019 edition); (2) who had nottaken octreotide, soma-
tostatin, vasopressin and other portal vein pressure-lowering
medicine; who had no other cause of gastrointestinal bleeding.
Patients and their family members knew about the study and
signedtheinformed consentform.

The exclusion criteria were severe cardiovascular and cere-
brovascular diseases, malignant tumours; nervous system
disease, cognitive function and communication barriers;
gastrointestinal bleeding caused by other reasons; and
patients withincomplete information. This study was approved
by the hospital ethics committee.

Data were randomly divided into the training set (n=220) and
the validation set (n=110). According to “Guidelines for the
diagnosis and treatment of esophageal and gastric variceal
bleeding in cirrhotic portal hypertension” (2019 edition), the
data were divided into the bleeding group (51 patients with
rupture and haemorrhage) with an incidence of 23.18% and
the no bleeding group (169 patients without varicose vein
ruptureandbleeding).

The clinical data of 330 patients with liver cirrhosis
oesophageal gastric varices were counted, including gender,
age, with or without emotional stimuli evaluated, with self
rating anxiety scale, score <53 = normal; 53-62 = mild mood
fluctuation; 63-72 = moderate; and >73 = severe, body mass
index (BMI), duration, improper diet (raw and cold diet, irritant
bigandhardfood oneweekbeforethe onset), smoking history,
history of alcoholism, with or without overwork (The fatigue
scale -14 was used to assess overwork. A score above 10 was
defined as overwork, and the higherthe score, the more severe
the overwork), blood albumin, haemoglobin, low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), with or without hypothermia (32~35°C lasting
for at least 24h during treatment), high blood pressure, high
cholesterol, and with or without increased abdominal pressure
(cough, forcibly defecate, bending the trunk frequently which
may increase abdominal pressure. Intra-abdominal pressure
whether =12 mmHg, was determined by measuring the intra-
bladder pressure. The patient was inserted with a three-cavity
indwelling catheter. To connect the three-cavity indwelling
catheterwithastandard pressuresensor,and connectthepres-
sure sensor to a monitoring instrument, a syringe was used to
inject 10mlnormal salineinto the bladder, the sensorwas setto
zero, flapped on the belly of patient, read the data from the
monitoringinstrument after60seconds).

SPSS 22.0 software was used for analysing the general clinical
data of the patients. Baseline characteristics for the
randomized population were summarized as mean=SD for
quantitative data and as proportions for categorical data. Chi-

squaretestwas usedforthe enumerationdata, and anindepen-
dent-sample t-test was employed for the measurement data.
Logistic regression analysis was used to analyse risk factors,
and the RMS package and R (R3.5.3) software package were
used to construct the histogram model. The caret software
package was applied to the bootstrap modelling group for
internal validation and the validation group for external valida-
tion. The predictionaccuracy of the histogram was evaluated by
the correctioncurve and C-index. p<0.05 indicated a significant
difference.

RESULTS

Comparative analysis showed that no significant difference
between the training and validation sets interms of gender, age,
emotional stimuli, body massindex (BMI), course, diet, smoking,
drinking, presence of overwork, blood albumin, haemoglobin,
LDL-C, HDL-C, low temperature change condition, high blood
pressure, highcholesterol,andthe presenceofincreasedabdom-
inal pressure (p >0.05). On univariate analysis, there were no
significantdifferencesintermsofgender, age, BMI, diseasedura-
tion, smoking, alcoholabuse, serumalbumin, haemoglobin, LDL-
C, HDL-C, and hyperlipidaemia between the two groups
(p >0.05), while significant differences were found in emotional
stimulation, improper diet, overwork, low temperature and
increased abdominal pressure (p <0.05, Table I).

Binary classification logistic regression analysis, taking varicose
vein bleeding as the dependent variables and taking the five
statistically significant factors obtained from univariate analysis
between the haemorrhage group and the no bleeding group
(emotional stimuli, improper diet, overwork, lower temperature
and increased abdominal pressure) as the independent vari-
ables. The results showed that emotional stimuli (OR = 4.591,
95% Cl: 1.419 - 14.852), improper diet (OR = 3.702, 95% Cl:
1.606 - 8.526), overwork (OR = 3.529, 95% Cl:1.331 - 9.366),
lower temperature (OR = 3.013, 95% Cl: 1.242 - 7.308) and
increased abdominal pressure (OR = 2.416, 95% C
0.900-6.487) were independentrisk factors for oesophageal and
gastricvariceal bleedingincirrhosis (p <0.05, Tablell).

Based on the five independent risk factors screened out, this
study constructed a histographic model to predict bleeding of
oesophageal and gastric variceal bleeding in cirrhosis, as shown
inFigure 1. Using the bootstrap method, the model was validated
internally after repeated sampling of the original data of the
training set for 1,000 times, while the validation set was vali-
dated externally. The results showed that the C-index of the
training set and the validation set were 0.815 (95% CI:
0.794-0.836)and 0.812 (95%Cl: 0.793-0.831), respectively. The
calibration curve results showed that the standard curve trends
of the training set and the validation set were relatively consis-
tent,asshowninFigure 2. The ROC curveresults showed that the
curve integrals (AUCs) of the training set and the validation set
were 0.815 and 0.812, respectively, as shown in Figure 3. The
above results indicated that the prediction accuracy of this risk
predictionmodelishigh.
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Table I: Univariate analysis of oesophageal and gastric variceal bleeding in cirrhosis.

Factors Haemorrhage group (n=51) No bleeding group (n=169) p-value
Sex (male, female) 30(58.8%)/21(41.2%) 81(47.9%)/88(52.1%) 0.173
Age (>60 years / <60 years) 28(54.9%)/23(45.1) 75(44.4) /94(55.6%) 0.187
BMI (kg/m?) 22.97+2.47 23.02%2.89 0.782
Course of disease (years) 2.19+0.77 2.23+1.04 0.665
Smoking (Y/N) 27(52.9%)/24(47.1%) 77(45.6%)/92(54.4%) 0.355
Alcoholism (Y/N) 28(54.9%)/23(45.1%) 72(42.6%)/97(57.4%) 0.122
Plasma albumin (g/L) 39.67+5.60 40.14+5.15 0.625
Haemoglobin (g/L) 107.32+8.38 106.93+8.17 0.847
LDL-C (mmol/L) 2.59+0.42 2.63+0.48 0.432
HDL-C (mmol/L) 2.83+x0.43 2.79+0.46 0.468
Hyperlipidaemia (Y/N) 27(52.9%)/24(47.1%) 78(46.2%)/91(53.8%) 0.395
Emotional stimulation (Y/N) 37(72.5%)/14(27.5%) 78(46.2%)/91(53.8%) 0.001
Improper diet (Y/N) 29(56.9%)/22(43.1%) 63(37.3%)/106(62.7%) 0.013
Overwork (Y/N) 30(58.8%)/21(41.2%) 65(38.5%)/104(61.5%) 0.010
Low temperature (Y/N) 33(64.7%)/18(35.3%) 66(39.1%)/103(60.9%) 0.001
Increased abdominal pressure 30(58.8%)/21(41.2%) 72(42.6%)/97(57.4%) 0.042

(Y/N)

Note: variable assignment, varicose vein rupture and bleeding (Y=1, N=0); emotional stimulation (Y=1, N=0); improper diet (Y=1, N=0),; overwork (Y=1,

N=0); lower temperature (Y=1, N=0), increased abdominal pressure (Y=1, N=0).

Table II: Multivariate analysis of oesophageal and gastric variceal bleeding in cirrhosis.

95% Confidence interval

Regression coefficient p-value Odds Ratio (OR) L — —
ower limit  Upper limit
Emotional stimuli 1.524 0.038 4.591 1.419 14.852
Improper diet 1.309 0.041 3.702 1.606 8.526
Overwork 1.261 0.021  3.529 1.331 9.366
Low temperature 1.103 0.009 3.013 1.242 7.308
Increased abdominal pressure 0.882 0.013 2.416 0.900 6.487
Constant -7.325 <0.001 0.001
s o v m w o w» w m = w» w | Changes haemodynamics, blood volume decreases, the flow
changes, cardiac output decreases, blood pressure drops,
: - arterial and venous pressure decreases, and heart rate
. decreases. Insufficient oxygen leads to insufficient blood
Poor di . . . . . .
. i perfusion in tissues and hypoxia in related organs and
L ' 2 tissues, which leads to functional and morphological impair-
' ment and makes the condition more complex.” In addition,
tow = 4 insufficient perfusion may cause metabolic disorders in the
N body, accumulation of acid metabolites in the body, and
v difficulty in maintaining high blood vessel tension, increasing
Np— e capillary perm.eability and Ii.quid.exudation, further chang.ing
haemodynamics, aggravating tissue damage, and causing
Rukfactarsfor o o2 G o os further deterioration of liver function, heart failure and

Figure 1: Nomogram for predicting bleeding of oesophageal and
gastric fundus varices in cirrhosis.

DISCUSSION

Cirrhosis is the 8" leading cause of death globally, and liver
fibrosis is a dynamic process that is reversible in the early
stage.'® Patients with liver cirrhosis usually have clinical
manifestations such as portal hypertension and liver func-
tion damage in the later stage, which involve multiple
organs and systems, and oesophageal and gastric fundus
varices are one of the main clinical manifestations of portal
hypertension.' According to clinical studies, bleeding of
oesophageal gastric varices can easily occur, bleeding

arrhythmia.” Loss, apathy or restlessness may be caused by
reduced ischaemia and hypoxia in cerebral blood supply,
and the risk of hepatic encephalopathy will be greatly
increased when cerebral blood supply is less than 50%."
Therefore, the analysis on the influence of ruptured
oesophageal gastric variceal bleeding risk will become partic-
ularly important, and it has been shown that the associated
risk factors mainly include emotional stimuli, improper diet,”
overwork, lower temperature and increased abdominal pres-
sure.” The authors established an individual risk model
based on the risk factors to increase preventive measures
for patients with oesophageal gastric vein bleeding.
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Figure 3: Chart verified by the ROC curve.

This study analysed the clinical data of 330 patients with
oesophageal and gastric fundus varices with cirrhosis, It
showed that emotional stimulation, improper diet, over-
work, low temperature and increased abdominal pressure
were independent risk factors for oesophageal and gastric
fundus variceal bleeding with cirrhosis. In general, with a
longer duration of liver disease, the recurrence rate is
higher and it is associated with many complications, espe-
cially bleeding, which may increase the psychological pres-
sure of patients, leading to more psychological symptoms,
such as anxiety, fear, and nervousness. Mental problems,
such as these emotional stimuli, can stimulate the sympa-
thetic nervous system to promote excitement, increasing
the risk of rupture haemorrhage. In addition, adverse
emotional stimulation will aggravate the psychological pres-
sure of patients, and easily induce serious emotions in
patients, such as irritability, anger and other strong nega-
tive emotions, which may further stimulate the excitability
of the sympathetic nervous system and increase the risk of
varicose vein bleeding. The results of this study showed
that the risk of variceal bleeding induced by emotional stim-
ulation was significantly higher than that of patients with
normal emotional stimulation (p <0.05), which was consis-
tent with the results of Subramaniam et al.*®

Overeating or eating hard and indigestible food will increase
the venous pressure of the patient, in addition to improving
the patient's gastrointestinal peristalsis, which may
compress the fragile varicose veins, thereby increasing the
risk of bleeding. The results of this study showed that the
incidence of varicose vein bleeding induced by improper diet
was as high as 31.52%, which was an independent risk
factor for clinically induced varicose vein bleeding (p <0.05).
The research results of Bellis et al. were relatively consis-
tent.”” The function and energy of patients were not
sufficient for daily life and work needs, which may aggravate
physical fatigue. Excessive fatigue will reduce liver blood
flow and reduce the amount of nutrients, such as blood flow
and oxygen needed by the body. Liver ischaemia and
hypoxia may further reduce liver function, aggravate coagu-
lation dysfunction and increase the risk of varicose vein
rupture.” Environmental temperature also affects variceal
rupture haemorrhage, especially early in the morning. At
this time, venous blood flow in the heart is at its highest
point in patients with a maximum portal venous pressure,
thus increasing the risk of rupture haemorrhage. It has been
shown that the risk of haemorrhage in patients is higher
during the night than during the day, and mortality is higher
during the day. Mansour et al. reported that temperature
change could also affect portal vein bleeding, which was
consistent with the results of this study.' In addition, it was
shown that increased abdominal pressure raised the risk of
portal varicose vein bleeding, which may be explained by
the fact that increased abdominal pressure will increase
portal vein pressure, the liver is located in the abdominal
cavity, and hence increased blood pressure will induce the
risk of varicose vein bleeding. The sample size of this study
was small, and the analysis of influencing factors may be
biased to some extent. Retrospective data analysis is
another limitation. Therefore, the scope of multicentre
studies should be further expanded to comprehensively

analyse the risk factors affecting bleeding.
CONCLUSION

Emotional stimulation, improper diet, overwork, low tempera-
ture and increased abdominal pressure are independent risk
factors for bleeding of oesophageal and gastric fundus
varices in cirrhosis. The risk prediction model established in
this study can be used to predict the risk of bleeding of
ruptured oesophagus and gastric fundus individually and has
high clinical value.
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