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	 Background:	 Moderate sedation for endoscopic intervention has become common and offers increased safety and comfort. 
Patients with cirrhosis are sicker and at increased risk for complications related to sedation. However, postop-
erative complications associated with moderate sedation and their risk factors have not been adequately stud-
ied in this population.

	 Material/Methods:	 This retrospective study included cirrhotic patients who underwent endoscopic procedures with moderate seda-
tion and were admitted to the First Affiliated Hospital, Zhejiang University School of Medicine, between January 
1, 2015, and December 31, 2019. A mixed-effects multivariate logistic regression model determined odds ra-
tios between variables and complications, adjusting for potential confounders. The model was validated with 
51 patients admitted from August 28, 2020, to October 12, 2020, at 3 hospitals.

	 Results:	 Among 232 cirrhotic patients, complications were recorded for 40 patients (17.2%). These patients had a sig-
nificantly longer hospital length of stay (P<0.05), and postprocedural complications (35/40; 87.5%) were the 
most common type of complication. Moderate sedation-associated postoperative complications were signifi-
cantly associated with portal hypertension history (odds ratio [OR] 2.201; 95% confidence interval [CI] 0.903, 
5.364) and the procedure being performed in the evening (OR 1.971; 95% CI 0.946, 4.106). The area under the 
receiver-operating characteristic curve was 0.627 (95% CI, 0.534 to 0.719, P=0.012) in the validated subgroup, 
and the predicted accordance rate was 70%.

	 Conclusions:	 Moderate sedation-associated postoperative complications were relatively high among cirrhotic patients un-
dergoing endoscopic procedures. Complications were associated with sicker patients who underwent endo-
scopic procedures in the evening, suggesting the potential need for more intensive care of perioperative man-
agement in this population, including anesthesia monitoring.

	 Trial registration:	 This study was registered on the Chinese Clinical Trial Registry (ChiCTR2000034799)
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Background

Over the past decade, anesthesia-directed sedation for gastro-
intestinal endoscopic procedures has risen dramatically owing 
to the promise of rapid sedation and recovery, increased patient 
comfort, and enhanced satisfaction with operations compared 
with endoscopist-directed sedation [1-5]. Liver cirrhosis is the 
end stage of chronic liver disease and is characterized by the 
accumulation of fibrotic tissue and abnormal regenerative nod-
ules [6,7]. Portal hypersensitive gastropathy and its devastat-
ing complication, variceal hemorrhage, are common in cirrhotic 
patients [8]. Variceal hemorrhage poses the most life-threaten-
ing complication of liver cirrhosis, and it is associated with in-
creased mortality, particularly in patients with hepatic decom-
pensation [9]. Patients with cirrhosis should routinely undergo 
upper endoscopy for variceal screening and for diagnostic and 
therapeutic purposes [10,11]. Due to delayed gastric emptying, 
poor nutritional status, and altered drug metabolism, cirrhotic 
patients are considered to be at higher risk for sedation-asso-
ciated complications. Therefore, cirrhotic patients undergoing 
endoscopy often need the assistance of anesthesia-directed 
sedation [12]. Moderate sedation, predominantly achieved us-
ing propofol, is the most commonly used anesthesia-directed 
sedation for gastrointestinal endoscopic procedures. The phar-
macokinetic profile of propofol, which has a short duration of 
action and is quickly metabolized, is particularly appealing in 
patients with liver disease including cirrhosis [13,14]. However, 
there are limited data describing characteristics of moderate 
sedation-associated postoperative complications in cirrhotic 
patients. Moreover, it is imperative to understand the risks for 
the development of moderate sedation-associated complica-
tions in this population. Therefore, in this study, we aimed to 
investigate the prevalence of postoperative complications asso-
ciated with moderate sedation among cirrhotic patients under-
going endoscopic procedures and these patients’ risk factors.

Material and Methods

Patient and Public Involvement

This retrospective study collected data on patients with cirrho-
sis admitted at the Department of Digestive Medicine, the First 
Affiliated Hospital, Zhejiang University School of Medicine from 
January 1, 2015, to December 31, 2019. The population includ-
ed individuals with cirrhosis undergoing endoscopic procedures 
using moderate sedation. Moderate sedation was performed 
with propofol 2-4 mg/kg per hour by anesthesiologists. The 
electronic medical system used for the study included an elec-
tronic record for storing data about basic characteristics (eg, 
age, sex, American Society of Anesthesiologists [ASA] classifica-
tion, Child-Pugh classification, portal hypertension history, car-
diac commodities, diabetes mellitus), intraoperative variables 

(procedure type, day/night shift) and postoperative complica-
tions. Complications were available only if reported by the phy-
sician in the ward and recorded in electronic medical system. 
Endoscopic procedures referred to esophagogastroduodenos-
copy with or without endoscopic ultrasound and enteroscopy. 
Moderate sedation-associated postoperative complications were 
grouped into 7 categories: (1) postprocedure complications in-
cluding nausea, vomiting, pain, or other symptoms; (2) respira-
tory complications including airway obstruction aspiration, dif-
ficult airway, pneumothorax, pulmonary embolus, reintubation, 
and respiratory arrest; (3) cardiovascular complications includ-
ing myocardial ischemia and transfusion, arrhythmia, cardiac 
arrest, myocardial infarction, hemodynamic instability, and hy-
potension; (4) drug-related complications including adverse re-
action, anaphylaxis, malignant hyperthermia, and medication 
error; (5) neurologic complications including awareness, emer-
gence, neurologic deficit, seizure, stroke, and vision loss; (6) pa-
tient injury including eye injury, infection, and other bodily inju-
ry; and (7) death [15]. Respiratory, cardiovascular, drug-related, 
and neurologic complications; patient injury; and death were 
identified as serious complications. Our primary measurement 
was the incidence and type of postoperative complications as-
sociated with moderate sedation. An important secondary aim 
of the study was to determine the risk factors associated with 
complications. The logistic regression model was further val-
idated in a subgroup with 51 patients admitted from August 
28, 2020, to October 12, 2020, at 3 university hospitals locat-
ed in Zhejiang province (the First Affiliated Hospital, Zhejiang 
University School of Medicine, Quzhou People’s Hospital, Taizhou 
Hospital of Zhejiang Province). This study was registered on 
Chinese Clinical Trial Registry (ChiCTR2000034799) and ap-
proved by the Ethics Committee of the First Affiliated Hospital, 
Zhejiang University School of Medicine (IIT20200328A).

Statistical Analysis

PASS statistical software was used to calculate sample size. 
With a 2-tailed a=0.05, assumed odds ratio of 4, confidence 
level of 0.95, and a power of 80% to guarantee results, a min-
imum sample size of 196 participants was required. We exam-
ined frequencies for each categorical variable (patient char-
acteristics, procedural characteristics, and complications). We 
performed bivariate comparisons of each variable with the 
dichotomous outcome of a postoperative complication us-
ing Pearson’s chi-square tests for categorical predictors. We 
fit a logistic regression model to determine risk factors that 
best predicted the probability of developing moderate anes-
thesia-associated complications reported as odds ratios, and 
further to calculate the accordance rate. Mixed-effects mod-
eling was used to account for variability in practice and pro-
vider reporting of complications. Our final multivariable logis-
tic regression analysis was restricted to observations that had 
no missing data. The final mixed-effects model consisted of 
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variables that were reported to be associated with complica-
tions in the literature (eg, ASA, portal hypertension) and po-
tential predictors of complications that could be clinically rel-
evant (eg, age, sex, Child-Pugh scores, diabetes, and cardiac 
comorbidities), as well as variables that were statistically sig-
nificant on bivariate analysis (eg, shift). The area under the re-
ceiver-operating characteristic curve was displayed (c-statis-
tic). P value of <0.05 was considered significant.

Results

Patient Characteristics

Our sample consisted of a total of 232 patients with cirrhosis 
who underwent endoscopic procedures. In a univariate analysis, 

the population was 30.2% female, with a median age of 57 
years (Table 1). A majority of cases (81.9%) were ASA class 3 
or greater (ie, ASA 3, a patient with severe systemic disease; 
ASA 4, severe systemic disease that is a constant threat to 
life; ASA 5, a moribund patient who is not expected to survive 
without the procedure). A majority of cases were assessed as 
Child-Pugh A (85.8%). Over half (68.1%) had a history of portal 
hypertension. Out of the total population, 24 patients (10.3%) 
had diabetes mellitus and 42 (18%) had a cardiac comorbidi-
ty, 38 of whom had a diagnosis of hypertension.

Procedural Characteristics

As shown in Table 2, esophagogastroduodenoscopy composed 
the vast majority of procedures (95.3%). A majority of cases 
were performed using endoscopy during daytime hours (69.4%).

Prevalence of Moderate Sedation-Associated Postoperative 
Complications

Among a total of 40 complications (17.2%) recorded from 2015 
to 2019, the most common type of complication was postpro-
cedural (35/40; 87.5%) including postprocedural pain, nausea, 
or vomiting (Table 3). A total of 8 serious complications (3.4%) 
occurred, a majority of which were cardiovascular complica-
tions (7/8, 87.5%) including 6 episodes of transfusion and 1 
episode of clinically significant hypotension. We examined the 
relationship between cardiovascular complications and cardiac 

Variable Frequency, n (%)

Age

	 18-49 	 62	 (26.7)

	 50-64 	 113	 (48.7)

	 65-79 	 53	 (22.8)

	 ³80 	 4	 (1.8)

Sex

	 Female 	 70	 (30.2)

	 Male 	 162	 (69.8)

American Society of Anesthesiologists score

	 1/2 	 42	 (18.1)

	 ³3 	 190	 (81.9)

Child-Pugh

	 A 	 199	 (85.8)

	 B 	 30	 (12.9)

	 C 	 3	 (1.3)

History portal hypertension complication

	 Yes 	 158	 (68.1)

	 No 	 74	 (31.9)

Cardiac comorbidities*

	 Yes 	 42	 (18.0)

	 No 	 190	 (82.0)

Diabetes mellitus

	 Yes 	 24	 (10.3)

	 No 	 208	 (89.7)

Table 1. �Patient characteristics of endoscopic procedures 
performed in cirrhosis.

* Cardiac comorbidities including coronary artery disease, heart 
failure, and other cardiovascular diseases.

Variable Frequency, n (%)

Procedure type

	 Esophagogastroduodenoscopy 	 221	 (95.3)

	 Enteroscopy 	 11	 (4.7)

Shift

	 Daytime (7: 00 AM to 5: 00 PM) 	 161	 (69.4)

	 Evening (5: 01 PM to 6: 59 AM) 	 71	 (30.6)

Table 2. �Procedure characteristics of endoscopic procedures 
performed in cirrhosis.

Complication type Frequency, n (%)

Any complication 	 40	 (17.2)

Postprocedure 	 35	 (15.1)

Cardiovascular 	 7	 (3.0)

Patient injury 	 1	 (0.4)

Table 3. �Prevalence of moderate sedation-associated 
postoperative complications among endoscopic 
procedures.
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Independent 
variable

Patients, 
n

Cardiac, 
n (%)

Patient Injury, 
n (%)

Procedure, 
n (%)

Serious, 
n (%)

Any, 
n (%)

Age, y

	 18-49 62 	 0	 (0) 	 0	 (0) 	 9	 (14.5) 	 0	 (0) 	 9	 (14.5)

	 ³50 170 	 7	 (4.1) 	 1	 (0.6) 	 26	 (15.3) 	 8	 (4.7) 	 31	 (18.2)

P value 0.235 1.000 0.884 0.183 0.507

Sex

	 Female 70 	 2	 (2.9) 	 1	 (1.4) 	 8	 (11.4) 	 3	 (4.3) 	 11	 (15.7)

	 Male 162 	 5	 (3.1) 	 0	 (0) 	 27	 (16.7) 	 5	 (3.1) 	 29	 (11.7)

P value 1.000 0.302 0.306 0.946 0.686

ASA

	 1/2 42 	 2	 (4.8) 	 0	 (0) 	 5	 (11.9) 	 2	 (4.8) 	 6	 (14.3)

	 ³3 190 	 5	 (2.6) 	 1	 (0.5) 	 30	 (15.8) 	 6	 (3.2) 	 34	 (17.9)

P value 0.817 1.000 0.524 0.961 0.575

Child-Pugh

	 A 199 	 5	 (2.5) 	 1	 (0.5) 	 31	 (15.6) 	 6	 (3.0) 	 35	 (17.6)

	 B+C 33 	 2	 (6.1) 	 0	 (0) 	 4	 (12.1) 	 2	 (6.1) 	 5	 (15.2)

P value 0.270 0.683 0.607 0.375 0.731

Procedure

	 EGD 221 	 7	 (3.2) 	 1	 (0.5) 	 34	 (15.4) 	 8	 (3.6) 	 39	 (17.6)

	 Enteroscopy 11 	 0	 (0) 	 0	 (0) 	 1	 (9.1) 	 0	 (0) 	 1	 (9.1)

P value 0.549 0.823 0.159 0.521 0.463

Portal hypertension history

	 Yes 158 	 7	 (4.4) 	 1	 (0.6) 	 27	 (17.1) 	 8	 (5.1) 	 32	 (20.3)

	 No 74 	 1	 (1.4) 	 0	 (0) 	 8	 (10.8) 	 1	 (1.4) 	 8	 (10.8)

P value 0.417 1.000 0.213 0.317 0.076

Cardiac comorbidities

	 Yes 42 	 1	 (2.4) 	 0	 (0) 	 4	 (9.5) 	 1	 (2.4) 	 4	 (9.5)

	 No 190 	 7	 (3.7) 	 1	 (0.5) 	 31	 (16.3) 	 8	 (4.2) 	 36	 (18.9)

P value 1.000 1.000 0.266 0.909 0.143

Diabetes mellitus

	 Yes 24 	 1	 (4.2) 	 0	 (0) 	 5	 (20.8) 	 1	 (4.2) 	 5	 (20.8)

	 No 208 	 7	 (3.4) 	 1	 (0.5) 	 30	 (14.4) 	 8	 (3.8) 	 35	 (16.8)

P value 1.000 1.000 0.596 1.000 0.836

Shift

	 Daytime 161 	 3	 (1.9) 	 1	 (0.6) 	 21	 (13.0) 	 3	 (1.9) 	 17	 (10.6)

	 Evening 71 	 4	 (5.6) 	 0	 (0) 	 14	 (19.7) 	 5	 (7.0) 	 23	 (32.4)

P value 0.205 1.000 0.191 0.109 <0.001

Table 4. Predictors of moderate sedation-associated postoperative complications: unadjusted bivariate analysis.

ASA – American Society of Anesthesiologists; EGD – esophagogastroduodenoscopy.
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comorbidities, and only 1 cardiovascular complication was 
identified among those with a cardiac comorbidity. The post-
operative length of stay was longer in patients with moder-
ate sedation-associated complications than in those without 
complications (7.78±0.74 vs 5.73±0.34, P<0.05).

Predictors of Moderate Sedation-Associated Postoperative 
Complications: Unadjusted Bivariate Analysis

On unadjusted bivariate analysis, shift time was associated 
with moderate sedation-associated postoperative complications 
(Table 4). An endoscopic procedure performed in the evening 
was associated with an increased proportion of moderate seda-
tion-associated complications. There were no associations be-
tween variables including age, sex, ASA, Child-Pugh, procedure 
type, portal hypertension complication, cardiac comorbidities, 

diabetes mellitus, and specific types of complications (eg, car-
diovascular, patient injury).

Predictors of Moderate Sedation-Associated Postoperative 
Complications: Mixed-Effects Multivariable Model

Table 5 depicts the unadjusted and adjusted odds ratios for 
moderate sedation-associated postoperative complications as-
sociated with the variables age, sex, ASA status, Child-Pugh, 
history of portal hypertensive complication, cardiac comorbid-
ities, diabetes mellitus, and shift time. On multivariable analy-
sis, moderate sedation complications were significantly asso-
ciated with portal hypertensive complication (OR 2.201; 95% 
CI 0.903, 5.364) and procedure in evening (OR 1.971; 95% CI 
0.946, 4.106) adjusting for age, sex, ASA status, Child-Pugh, his-
tory of portal hypertensive complication, cardiac comorbidities, 

Variable Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age, years

	 18-49 1 (referent) 1 (referent)

	 ³50 1.313 (0.586-2.943) 1.535 (0.642-3.671)

Sex

	 Male 1 (referent) 1 (referent)

	 Female 0.855 (0.400-1.826) 0.798 (0.356-1.788)

ASA

	 1/2 1 (referent) 1 (referent)

	 ³3 1.308 (0.511-3.349) 0.977 (0.348-2.740)

Child-Pugh

	 A 1 (referent) 1 (referent)

	 B/C 0.837 (0.312-2.318) 0.760 (0.260-2.228)

History portal hypertension complication

	 No 1 (referent) 1 (referent)

	 Yes 2.095 (0.914-4.805) 2.201 (0.903-5.364)

Diabetes mellitus

	 No 1 (referent) 1 (referent)

	 Yes 1.301 (0.455-3.717) 1.458 (0.482-4.410)

Cardiac comorbidities

	 No 1 (referent) 1 (referent)

	 Yes 0.450 (0.151-1.342) 0.388 (0.125-1.209)

Shift

	 Daytime 1 (referent) 1 (referent)

	 Evening 1.889 (0.937-3.809) 1.971 (0.946-4.106)

Table 5. �Associations between patient and procedure characteristics, and moderate sedation-associated complications – multivariable 
mixed-effects logistic regression model.

ASA, – American Society of Anesthesiologists; CI – confidence interval; OR – odds ratio.

e933082-5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Wang Y. et al: 
Postoperative complications associated with moderate sedation
© Med Sci Monit, 2021; 27: e933082

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



diabetes mellitus, and shift time. The c-statistic for the valida-
tion subsamples was 0.627 (95% CI, 0.534 to 0.719, P=0.012). 
In addition, we used this logistic regression model to predict 
incidence of complications in 51 patients. We found that the 
accordance rate was 70% (Table 6).

Discussion

This study of endoscopic procedures is the first to report the 
prevalence of moderate sedation-associated postoperative 
complications among individuals with cirrhosis. Overall, the 
complication rate was 17.2%, and the presence of a complica-
tion was associated with an increased hospital length of stay. 
The majority of complications were postprocedural complica-
tions. Furthermore, we explored novel risk factors for moder-
ate sedation complications that were not investigated previ-
ously, including portal hypertension history and the procedure 
occurring in the evening among cirrhotic patients. Our study 
suggests that the complexity of liver disease and endoscop-
ic procedures being performed in evening may drive the risk 
of complications.

Our study may offer opportunities for earlier identification of 
cirrhotic patients who are at a high risk of moderate sedation 
complications and for whom early preventions and/or treat-
ments can be initiated. In this study, we identified 2 indepen-
dent risk factors associated with moderate sedation complica-
tions, including portal hypertension history and the procedure 
occurring in the evening. Interventions should be considered 
to offset these risk factors to optimize the patient’s condition 
before endoscopy. Indeed, procedure time can be arranged 
by operators and anesthesiologists. Our study suggests that 
in routine clinical practice, operators and anesthesiologists 
should consider endoscopic procedure for cirrhotic patients in 
the daytime rather than in the evening. In addition, cirrhotic 
patients with portal hypertension history may warrant more 
intensive care during anesthesia for endoscopic procedure. 
Therefore, our findings may be useful for clinicians to guide 
routine clinical care in patients with cirrhosis and ultimately 
reduce the risk of moderate sedation complications and im-
prove clinical outcomes.

Moderate sedation is widely employed for upper endoscopy, 
and propofol is the dominant drug used owing to its short dura-
tion of action, quick metabolism, and no dose adjustments [16]. 
The pharmacokinetic profile of propofol is particularly appeal-
ing in patients with liver disease, including cirrhosis [14]. In cir-
rhotic patients undergoing endoscopic sclerotherapy, moderate 
sedation with propofol was associated with shorter recovery 
periods, lower frequency of body movements, and higher op-
erator satisfaction than midazolam [17,18]. Sharma et al [13] 
found that propofol sedation was safe in 108 patients with 
cirrhosis during endoscopy. Riphaus et al [19] reported that 
propofol sedation was associated with improved clinical out-
comes in patients with cirrhosis. Patients with liver cirrhosis 
are at a potentially increased risk for complications related to 
sedation, but few studies have quantified the risk in this pop-
ulation. Our study showed that the rate of postoperative com-
plications associated with moderate sedation with propofol 
was 17.2%, with 87.5% of complications occurring after the 
procedure, including postprocedural pain, nausea, and vom-
iting. Moreover, we calculated an overall frequency of serious 
complications to be 3.4%, which was higher than in other re-
ported studies [20]. In a large retrospective observational co-
hort study, the overall frequency of serious complications was 
found to be 0.39% for a general population undergoing endos-
copies [4]. The lower estimate of 0.39% for serious complica-
tions was voluntarily reported by anesthesia providers, which 
may have led to significant underreporting [21]. Our higher 
estimate of the prevalence of complications can be explained 
by the disease complexity in patients with cirrhosis. In addi-
tion, our study may indeed reflect the actual risk of moderate 
sedation-related complications, which are reported by physi-
cians in wards, not by anesthesiologists. Interestingly, we found 
serious complications were predominantly cardiac in nature. 
There is evidence to suggest that hemodynamic changes re-
lated to vasodilation and hyperdynamic circulation in cirrho-
sis can lead to cardiac dysfunction and cardiomyopathy [22]. 
Moreover, cardiovascular disease has been shown to be more 
prevalent among the population with cirrhosis owing to unique 
features of chronic liver disease, including insulin resistance 
and lipid dysregulation [23].

Actual complication

0.00 1.00 Total

Predicted complication 

	 0.00 33 4 37

	 1.00 11 3 14

Total 44 7 51

Table 6. Predicted accordance rate in validated subgroups using logistic regression model.
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Furthermore, we used mixed-effects modeling and adjusted 
our analysis by patient characteristics and procedural charac-
teristics to distinguish a true association with increased com-
plications. We uncovered significant independent risk factors 
for moderate sedation-associated postoperative complica-
tions, namely portal hypertension and the procedure occurring 
in the evening. This study explored novel predictors of com-
plications for cirrhotic patients including procedure shift time 
and portal hypertension that have not been investigated pre-
viously. The increased risk of moderate sedation-associated 
complications with portal hypertension and an evening pro-
cedure can be explained by individuals with worse liver dis-
ease and endoscopy performed in evening having a higher risk 
for complications. Portal hypertension often accompanies liv-
er cirrhosis and can lead to esophageal varices, ascites, and 
hepatorenal syndrome [24]. Patients with portal hypertension 
have increased perioperative morbidity and mortality follow-
ing surgery caused by the systemic pathophysiology of liver 
disease [25,26]. Our study identified that portal hypertension 
is a risk factor for moderate sedation-associated postopera-
tive complications in patients with cirrhosis, suggesting that 
anesthesiologists should also consider the liver disease se-
verity during preoperative assessment. Moreover, this focus 
is clinically important because cirrhotic patients require fre-
quent endoscopy procedures under sedation during follow-
up. This finding provides evidence of the importance of early 
intervention and individualized perioperative care for cirrhot-
ic patients with portal hypertension.

The timing of surgery has been extensively studied in surgi-
cal setting with regard to its impact on patients’ outcomes. 
Previous studies have found that intraoperative adverse events 
and postoperative complications occur more often in patients 
undergoing nighttime surgery [27]. In addition, surgery per-
formed during the night was found to be associated with a 
higher risk of mortality than surgery performed during the day 
[28]. Fewer health care workers, mental or physical fatigue, 
more frequent provider handovers, and worse early postop-
erative care might all compromise quality with nighttime sur-
geries [29-31]. Health care workers’ fatigue is considered to 
be a potential contributing factor for these increased risks [32-
35]. Fatigue in anesthesiologists with sleep deprivation was 
found to be associated with worse reactions times and great-
er deterioration in performance [35]. Working at night seems 
to be the most common cause of fatigue. Strategies are need-
ed to optimize perioperative risk. The implementation of sev-
eral strategies applied at both personal and organizational 
levels, including enforcement of strategic breaks and improv-
ing nutrition intake during night shifts, has been suggested 
to ameliorate fatigue [36]. Not unexpectedly, but shown for 
the first time in cirrhotic patients, a substantial increase in 
risk of moderate sedation-associated complications was ob-
served in endoscopy procedures performed in the evening in 

our study. This information is crucial for planning endosco-
py procedures, especially longer and complex procedures. At 
night, fewer health care workers with worse mood and task 
performance and worse early postoperative care might com-
promise the quality of nighttime endoscopy procedures. This 
finding carries important implications for both scheduling of 
endoscopy and perioperative care management, including an-
esthesia monitoring.

This retrospective study has several factors that could influ-
ence the outcome of the study. Our cases were selected among 
patients with cirrhosis who were admitted to the Department 
of Digestive Medicine; hence, cases among patients who were 
admitted in other departments may not be included. For this 
reason, there are some missing data that could influence the 
calculation of the prevalence of complications among individu-
als with cirrhosis. Although we tried to assess disease severity 
and case complexity by including variables such as ASA clas-
sification and Child-Pugh score, more specific measurements 
such as case duration, laboratory values, and facility volume 
were not characterized in this study. Therefore, further study 
is needed to amplify the volume of endoscopic cases and num-
ber of predictors of complications investigated.

Limitations of the present study should also be noted. In this 
study, we used Child-Pugh scores to precisely assess the de-
gree to which severity of liver disease contributed to the risk 
of complications. However, we found no association between 
Child-Pugh score and moderate sedation-associated compli-
cations. We speculate that this may be due to the fact that 
there were limited numbers of patients with Child-Pugh C un-
dergoing procedures in our study. Further data are needed for 
Child-Pugh C patients, which could potentially identify this as-
sociation. Another limitation is that delayed complications that 
developed after discharge were not documented in the pres-
ent study. In addition, the predicted accordance rate was not 
high, indicating that larger numbers of patients and more re-
lated factors should be involved in further research.

Conclusions

In conclusion, this study investigated moderate sedation-as-
sociated postoperative complications among cirrhotic patients 
undergoing endoscopic procedures. The prevalence of com-
plications in cirrhosis was 17.2%, which was associated with 
sicker patients (portal hypertensive complication) undergoing 
procedures performed in the evening. This finding suggests 
a potential need for a higher level of more intensive care in-
cluding anesthesia monitoring for these patients. Our analy-
sis of risk factors will likely help to avoid and further reduce 
moderate sedation-associated complications in cirrhotic pa-
tients during endoscopy.
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