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Abstract
Background: Emergency gastrointestinal surgery, although rare, is known for its high 
mortality and morbidity. However, the risks of emergency surgery for gastrointesti-
nal cancer have not been investigated in depth. This study aimed to investigate the 
impact of emergency surgery on mortality and morbidity in patients with gastroin-
testinal cancers and to identify associated risk factors.
Methods: We extracted data from the National Clinical Database, a nationwide 
surgery registration system in Japan, for patients with gastrointestinal cancer 
who underwent esophageal resection, total gastrectomy, distal gastrectomy, right 
hemicolectomy, or low anterior resection between 2012 and 2017. The impacts of 
emergency surgery on 30-day mortality and incidence of overall postoperative com-
plications were compared with those of non-emergency surgery. Risk factors for 
mortality and overall postoperative complications were then sought in patients who 
underwent emergency surgery.
Results: Thirty-day mortality and incidence of overall postoperative complications 
were significantly higher in emergency surgeries for gastric, colon, and rectal cancers 
than in non-emergency surgeries (odds ratios 4.86-6.98 and 1.68-2.18, respectively; 
all P < .001). Various risk factors were identified in the group that underwent emer-
gency surgery, including preoperative sepsis and lower body mass index. Some of the 
risk factors were common to all types of surgery and others were specific to a certain 
type of surgery.
Conclusion: The actual risk of emergency surgery and the risk factors for overall 
postoperative complications in emergency cases are shown to serve as a reference 
for postoperative management. Emergency surgery had an additional burden on pa-
tients depending on the type of surgery.
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1  | INTRODUC TION

Emergency surgery for gastrointestinal cancer is known to have 
high mortality and a high incidence of postoperative complica-
tions.1 Postoperative mortality is a worldwide problem and was 
reported to be the third leading cause of death globally in 2016.2 
Emergency gastrointestinal surgery is usually performed only 
when patients have critical sudden-onset symptoms, such as in-
testinal bleeding, intestinal stenosis, and peritonitis as a result of 
gastrointestinal perforation.3-13 Therefore, patients who require 
emergency surgery are in a worse condition than those who un-
dergo non-emergency surgery. However, with the exception of 
some procedures, such as stent placement for colonic stenosis, 
emergency surgery is likely to be unavoidable despite the poor 
condition of these patients.14

Although it is well known that patients undergoing emergency 
surgery have higher mortality and morbidity than those undergoing 
non-emergency surgery, the associated risk factors in emergency 
gastrointestinal surgery remain unclear because emergency gas-
trointestinal surgery is rare and most of the previous studies have 
included small numbers of patients.3-13

The aims of this study were to investigate the impact of emer-
gency surgery for gastrointestinal cancer on mortality and mor-
bidity using the largest patient registry in Japan, to identify the 
risk factors for 30-day mortality and incidence of overall postop-
erative complications in these patients who undergo emergency 
surgery.15

2  | METHODS

2.1 | Study design and setting

This retrospective observational study used data from the National 
Clinical Database (NCD), which is a nationwide surgical registration 
system in Japan that contains data on early clinical outcomes, includ-
ing postoperative mortality and intraoperative and postoperative 
complications. The NCD is linked to the board certification system 
for gastrointestinal surgery and covers more than 95% of surgical 
cases in Japan.15,16 Detailed data are collected for five types of major 
gastrointestinal surgery, and risk models for mortality and postop-
erative complications have been created in an effort to achieve bet-
ter postoperative outcomes.17-21 We extracted the data for patients 
who underwent esophageal resection, total gastrectomy, distal gas-
trectomy, right hemicolectomy, or low anterior resection from 2012 
to 2017 from this database. Data for patients aged ≥18 years who 
had a malignant tumor at the site of resection were included, and 
data for those with missing values for potential risk factors or out-
come variables and those with an abnormal value for length of hos-
pital stay (negative or zero) or body mass index (BMI) (<10 or ≥200) 
were excluded. Length of stay was defined as the time from the date 
of admission to the date of discharge. The study was approved by 
the Ethics Committee of Kyoto University.

2.2 | Actual risk of emergency surgery for 
gastrointestinal cancer

We investigated the actual risk associated with each type of surgery 
by comparing the emergency surgery and non-emergency surgery. 
Primary outcomes were 30-day mortality and incidence of overall 
postoperative complications. We also set intraoperative outcomes, 
postoperative outcomes, and the incidence of each postoperative 
complication as secondary outcomes (Appendix S1).

2.3 | Risk factors for 30-day mortality and 
incidence of overall postoperative complications after 
emergency surgery

We focused on the patients who underwent emergency surgery and 
investigated the risk factors for the primary outcomes of the first 
analysis, namely, 30-day mortality and incidence of overall postopera-
tive complications for each type of emergency surgery. We analyzed 
both preoperative and intraoperative risk factors (Appendix S2).

2.4 | Statistical analysis

Continuous variables are shown as the median and interquartile 
range and categorical variables are shown as the number and per-
centile. The risk of emergency surgery compared with non-emer-
gency surgery was calculated using a univariable logistic regression 
model and is reported as a crude odds ratio (OR) with a 95% confi-
dence interval (CI) to demonstrate the actual risk of emergency sur-
gery. The risk factors for 30-day mortality and overall postoperative 
complications after emergency surgery were investigated first using 
univariable logistic regression model and then using a multivari-
able logistic regression model to identify independent risk factors. 
All factors included in the univariable analysis were considered to 
be clinically important and included as covariates in the multivari-
able analysis to identify true risk factors in the emergency surgery 
group. All P-values were two-sided and P-values less than 0.05 were 
considered statistically significant. The statistical analyses were 
performed using R software (version 3.5.0, 2018; R Foundation for 
Statistical Computing, Vienna, Austria).

3  | RESULTS

3.1 | Esophageal resection

3.1.1 | Patient characteristics

A total of 32  425 patients who underwent esophageal resection for 
esophageal cancer (non-emergency surgery, n = 32 315, 99.7%; emer-
gency surgery, n = 110, 0.3%) were included in the study (Figure 1). The 
preoperative characteristics in the emergency surgery group included 
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high proportions of patients with dyspnea, dependence in activities of 
daily living (ADL), metastatic cancer in another organ, weight loss, blood 
clotting defects, and sepsis. Their intraoperative characteristics included 
less use of thoracoscopy, high American Society of Anesthesiologists 
physical status (ASA-PS), and advanced T stage (Table 1).

3.1.2 | Actual risk of emergency surgery

There were no deaths and only a small number of postoperative 
complications in the emergency surgery group (Table S1). Therefore, 
we did not calculate the ORs for emergency esophageal resection in 
comparison with non-emergency surgery.

3.2 | Total gastrectomy

3.2.1 | Patient characteristics

A total of 95 934 patients underwent total gastrectomy for gastric 
cancer (Figure 1). Non-emergency surgery was performed in 94 959 
patients (99.0%) and emergency surgery was performed for 975 

patients (1.0%). The preoperative characteristics in the emergency 
surgery group included high proportions of patients with low BMI, 
dyspnea, dependence in ADL, ascites, metastatic cancer in another 
organ, weight loss, blood clotting defects, and sepsis. Preoperative 
blood transfusion and chemotherapy were more common in the 
emergency surgery group. Intraoperative characteristics included 
less use of laparoscopy, high ASA-PS, advanced TNM stages, and a 
high frequency of residual tumor (Table 1).

3.2.2 | Actual risk of emergency surgery

The primary outcome of 30-day mortality was significantly higher 
in the emergency surgery group than in the non-emergency surgery 
group (OR: 6.12, 95% CI: 4.50-8.32, P < .001). The incidence of over-
all postoperative complications was also significantly higher in the 
emergency surgery group (OR: 1.68, 95% CI: 1.48-1.91, P  <  .001) 
(Table 2).

For the secondary outcomes, incidence of intraoperative and 
postoperative adverse events was significantly higher in the emer-
gency surgery group (Table  3). The frequencies of intraoperative 
and postoperative blood transfusion and mechanical ventilation and 

F I G U R E  1   Flow diagram for patient 
selection. BMI, body mass index; DG, 
distal gastrectomy; ER, esophageal 
resection; LAR, low anterior resection; 
RH, right hemicolectomy; TG, total 
gastrectomy
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the incidence of pulmonary embolism, renal dysfunction, prolonged 
disturbance of consciousness, and deep vein thrombosis were par-
ticularly high in the emergency surgery group (OR > 3; Table 3). The 
number of patients with each complication is listed in Table S1.

Compared with the non-emergency surgery group, the emer-
gency surgery group had significantly shorter anesthesia and op-
erating times (335  minutes vs 295  minutes, P  <  .001 and 277 vs 
237 minutes, P <  .001, respectively), significantly higher estimated 
blood loss (290  mL vs 484  mL, P  <  .001), and significantly longer 
hospital stay (21 days vs 25 days, P < .001; Table 4).

3.3 | Distal gastrectomy

3.3.1 | Patient characteristics

A total of 206 168 patients underwent distal gastrectomy for gas-
tric cancer (non-emergency surgery, n = 204 609, 99.2%; emergency 
surgery, n = 1559, 0.8%; Figure 1). The preoperative characteristics 
in the emergency surgery group included high proportions of elderly 
patients and patients with low BMI, dyspnea, dependence in ADL, 
ascites, metastatic cancer in another organ, weight loss, blood clot-
ting defects, and sepsis. Preoperative blood transfusion and chemo-
therapy were more frequent in the emergency surgery group. The 
intraoperative characteristics in the emergency surgery group in-
cluded less use of laparoscopy, a high frequency of concurrent sur-
gery, high ASA-PS, advanced TNM stage, and a high frequency of 
residual tumor (Table 1).

3.3.2 | Actual risk of emergency surgery

The 30-day mortality was significantly higher in the emergency 
surgery group than in the non-emergency surgery group (OR: 8.63, 
95% CI: 6.65-11.18, P < .001). The incidence of overall postoperative 
complications was also significantly higher in the emergency surgery 
group (OR: 1.78, 95% CI: 1.61-1.98, P < .001) (Table 2).

For the secondary outcomes, the incidence of intraoperative and 
postoperative adverse events was higher in the emergency surgery 
group (Table  3). The frequencies of intraoperative and postopera-
tive blood transfusion, unscheduled intratracheal intubation, and 
mechanical ventilation and the incidence of superficial incisional 

surgical site infection (SSI), wound disruption, pulmonary embo-
lism, renal dysfunction, central nervous system (CNS) dysfunction, 
prolonged disturbance of consciousness, cardiac arrest, deep vein 
thrombosis, and sepsis was higher in the emergency surgery group 
(OR > 3; Table 3). The numbers of patients with each complication 
are shown in Table S1.

Compared with the non-emergency surgery group, the emer-
gency surgery group had significantly shorter anesthesia and oper-
ating times (312 vs 265 minutes, P < .001 and 255 vs 208 minutes, 
P  <  .001, respectively), significantly greater estimated blood loss 
(110 vs 215 mL, P < .001), and a significantly longer hospital stay (18 
vs 22 days, P < .001; Table 4).

3.4 | Right hemicolectomy

3.4.1 | Patient characteristics

The data for the 114 068 patients in the database who underwent 
right hemicolectomy for colon cancer were included in the analy-
sis; 109 169 (95.7%) of these patients underwent non-emergency 
surgery and 4899 (4.3%) underwent emergency surgery (Figure 1). 
Analysis of the preoperative characteristics in the emergency sur-
gery group revealed a high frequency of low BMI, dyspnea, depend-
ence in ADL, ascites, metastatic cancer in another organ, weight 
loss, blood clotting defects, and sepsis. Intraoperative characteris-
tics included less use of laparoscopy, a high frequency of concurrent 
surgery, poor ASA-PS, advanced TNM stages, and a high frequency 
of residual tumor (Table 1).

3.4.2 | Actual risk of emergency surgery

The 30-day mortality was significantly higher in the emergency 
surgery group than in the non-emergency surgery group (OR: 
6.98, 95% CI: 5.87-8.30, P  <  .001). The incidence of overall 
postoperative complications was also significantly higher in the 
emergency surgery group (OR: 2.18, 95% CI: 2.05-2.31, P < .001) 
(Table 2).

The incidence of many intraoperative and postoperative ad-
verse events was higher in the emergency surgery group than in 
the non-emergency surgery group (Table  3). The frequencies of 

TA B L E  2   Primary outcomes

Factor

Total gastrectomy Distal gastrectomy Right hemicolectomy Low anterior resection

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

30-day mortality ±6.12 4.50-8.32 <.001 8.63 6.65-11.18 <.001 6.98 5.87-8.30 <.001 4.86 2.98-7.93 <.001

Overall 
postoperative 
complications

±1.68 1.48-1.91 <.001 1.78 1.61-1.98 <.001 2.18 2.05-2.31 <.001 1.70 1.50-1.93 <.001

Abbreviations: CI, confidence interval; OR, odds ratio.
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intraoperative and postoperative blood transfusion, unscheduled in-
tratracheal intubation, and mechanical ventilation and the incidence 
of deep incisional SSI, wound disruption, pneumonia, renal dysfunc-
tion, prolonged disturbance of consciousness, cardiac arrest, and 
sepsis was particularly high in the emergency surgery group (OR > 3; 
Table 3). The numbers of patients with each complication are shown 
in Table S1.

Compared with the non-emergency surgery group, the emer-
gency surgery group had significantly shorter anesthesia time 
and operating times (256 minutes vs 220 minutes, P < .001 and 
198 minutes vs 165 minutes, P < .001, respectively), significantly 
higher estimated blood loss (61 mL vs 160 mL, P <  .001), and a 
significantly longer hospital stay (18 days vs 21 days, P <  .001; 
Table 4).

3.5 | Low anterior resection

3.5.1 | Patient characteristics

A total of 115  832 patients underwent low anterior resection for 
rectal cancer (non-emergency surgery, n  =  114  784, 99.1%; emer-
gency surgery group, n = 1048, 0.9%; Figure 1). The preoperative 
characteristics in the emergency surgery group included high pro-
portions of low BMI, dyspnea, dependence in ADL, ascites, meta-
static cancer in another organ, weight loss, and sepsis. Preoperative 
blood transfusion was more frequent in the emergency surgery 
group. The intraoperative characteristics in this group included less 
use of laparoscopy, more cases of diverting stoma, concurrent sur-
gery, higher ASA-PS, a more advanced TNM stage, and a higher fre-
quency of residual tumor (Table 1).

3.5.2 | Actual risk of emergency surgery

The 30-day mortality was significantly higher in the emergency 
surgery group than in the non-emergency surgery group (OR: 4.86, 
95% CI: 2.98-7.93, P < .001). The overall incidence of postoperative 
complications was also significantly higher in the emergency surgery 
group (OR: 1.70, 95% CI: 1.51-1.93, P < .001) (Table 2).

Intraoperative and postoperative adverse events were more 
frequent in the emergency surgery group than in the non-emer-
gency surgery group (Table 3). The frequencies of intraoperative 
and postoperative blood transfusion and mechanical ventilation 
and the incidence of renal dysfunction, prolonged disturbance 
of consciousness, cardiac arrest, acute myocardial infarction, 
and sepsis was particularly high in the emergency surgery group 
(OR > 3; Table 3). The numbers of patients with each complication 
are listed in Table S1.

Compared with the non-emergency surgery group, the emer-
gency surgery group had significantly shorter anesthesia and operat-
ing times (330 minutes vs 275 minutes, P < .001 and 264 minutes vs 
212 minutes, P < .001, respectively), a significantly higher estimated TA
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blood loss (75 mL vs 225 mL, P <  .001), and a significantly longer 
hospital stay (20 days vs 25 days, P < .001; Table 4).

3.6 | Risk factors in the emergency surgery group

3.6.1 | Risk factors for 30-day mortality

We did not analyze the risk factors for 30-day mortality after esoph-
ageal resection because no patients in this group died. Moreover, 
the numbers of events were too small in the groups that underwent 
the other four types of emergency surgery to perform multivari-
able analyses; therefore, only univariable analysis was performed 
(Table  S2). Several factors were identified as potentially critical 
(OR > 3) for 30-day mortality (Appendix 3).

3.6.2 | Risk factors for postoperative overall 
complications

The risk factors for postoperative overall complications were not an-
alyzed in the esophageal resection group on account of the numbers 
of complications being too small. The results of the univariable anal-
ysis of risk factors for the other four types of surgery are shown in 
Table S3. Multivariable analyses identified the following independ-
ent factors as critical (OR > 3) for each type of surgery: low BMI, his-
tory of cerebrovascular disease (CVD), preoperative sepsis, and high 
ASA-PS in the total gastrectomy group; being elderly, habitual drink-
ing, history of CVD, concurrent surgery, and high ASA-PS in the dis-
tal gastrectomy group; being elderly, male sex, dependence in ADL, 
chronic obstructive pulmonary disease (COPD), preoperative sepsis, 
concurrent surgery, and high ASA-PS in the right hemicolectomy 
group; and high BMI, weight loss, preoperative sepsis, high ASA-PS, 
and advanced T stage in the low anterior resection group (Table 5).

4  | DISCUSSION

In this study, we investigated the frequencies of five types of major 
emergency surgery for gastrointestinal cancer (for which emergency 
surgeries accounted for 0.3%-4.3% of all surgeries) and calculated 
the actual 30-day mortality and incidence of complications associ-
ated with all of these operations except for esophageal resection. 
Our results show that the risks of these four types of gastrointes-
tinal surgeries were significantly higher when they were performed 
on an emergency basis. However, these findings do not imply that 
emergency surgeries should be avoided. Emergency surgery is usu-
ally performed only in sudden-onset cases and cases where surgery 
is unavoidable, such as peritonitis as a result of gastrointestinal 
perforation and intestinal stenosis. The risks of emergency surgery 
in this study included not only the risk of surgery per se but also 
the risk of the critical conditions requiring emergency treatment. 
Emergency surgery should not be avoided unnecessarily; however, 

knowledge of the actual risks of emergency surgery in critically ill 
patients is important for postoperative management.

We analyzed actual risks of mortality and postoperative com-
plications in the former part of this study. Many studies reported 
that emergency surgery was a risk factor in gastrointestinal surger-
ies3-13,18-21. Our results corresponded to the previous studies and 
made the risk of emergency surgery robust. In the latter part of this 
study, we extracted patients undergoing emergency surgery and 
analyzed risk factors for postoperative complications. Emergency 
surgery is rare and the risk of postoperative complications after 
emergency surgery is not fully assessed. It is a novel point of this 
study to show the risk factors for postoperative complications in 
patients undergoing emergency surgeries using the nationwide 
database.

As in previous studies using NCD17-21, the risk calculator to detect 
high-risk patients may be useful for surgeons. However, the main pur-
pose of this study is to show information about the actual mortality 
and morbidity of emergency surgery and the risk factors for overall 
complications in patients undergoing emergency surgery. Emergency 
patients with any risk factor are at super high risk because emergency 
surgery itself is a risk factor. Emergency patients are often in critical 
and complicated conditions, so we think that surgeons need infor-
mative references rather than a simple risk score. Also, the individual 
correlations between preoperative morbidity and postoperative com-
plication are interesting. However, study results would be numerous 
and difficult to understand if all individual correlations are shown. 
Patients undergoing emergency surgery are often in poor condition 
and any complication would be critical for them. Thus, we showed the 
risk factors for overall complications in emergency patients.

The incidence of unscheduled intratracheal intubation, mechan-
ical ventilation, admission to the intensive care unit, superficial and 
deep incisional SSIs, wound disruption, pneumonia, renal dysfunc-
tion, CNS dysfunction, prolonged disturbance of consciousness, 
cardiac arrest, and sepsis was significantly higher when surgery was 
performed on an emergency basis. In contrast, incidence of pulmo-
nary embolism and deep vein thrombosis was high in patients who 
underwent emergency total or distal gastrectomy, and incidence 
of acute myocardial infarction was high in those who underwent 
emergency colorectal surgery. The incidence of intraoperative ad-
verse events was high in patients who underwent emergency total 
gastrectomy or right hemicolectomy, in those who required repeat 
operations other than low anterior resection, and in those who were 
re-admitted for emergency surgery other than total gastrectomy. 
These findings suggest two types of complications, that is, compli-
cations that are common in emergency surgery, which are mainly 
attributable to the burden of the indication for emergency surgery, 
and complications specific to particular types of surgery, which are 
due to a combination of the burdens of emergency surgery and the 
indication for emergency surgery. Knowledge of the frequency of 
each complication might facilitate early detection and prevent any 
complications that occur from increasing severity.

The anesthesia and operating times were significantly shorter 
for all four types of emergency surgery; however, estimated blood 
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loss was significantly greater and length of hospital stay was 
significantly longer in the emergency surgery group than in the 
non-emergency surgery group. Surgeons generally try to com-
plete emergency surgery as rapidly as possible because patients 
who need such surgery are often in a poor state with conditions 
such as sepsis and clotting abnormalities. Less use of laparoscopy 
in the emergency surgery groups might be influential. In general, 
a shorter operating time leads to a lower physical burden on the 
patient, a lower incidence of complications, and a shorter hos-
pital stay22,23. However, in this study, the emergency operating 
times were shorter but with a high incidence of complications and 
longer length of hospital stay, indicating that patients who need 
emergency surgery are in an intrinsically poorer condition regard-
less of the physical burden of the surgery. Although emergency 
surgery was performed in a shorter time to minimize the physical 
burden, the patients had higher 30-day mortality (OR: 4.86-8.63; 
all P < .001) and higher incidence of overall postoperative compli-
cations (OR: 1.68-2.18; all P < .001).

Male sex and sepsis or high ASA-PS tended to be associated with 
high risk of overall postoperative complications. Chemotherapy be-
fore emergency surgery and cancer progress, excluding low anterior 
resection for advanced T stage disease, did not influence the overall 
postoperative complications. Patients with low BMI in total gastrec-
tomy and those with weight loss in low anterior resection were at high 
risk for the postoperative complications. Low BMI and weight loss 
often reflect malnutrition and are known to be risk factors for post-
operative complications in various surgeries.24-27 Patients undergoing 
total gastrectomy or low anterior resection might be more sensitive 
to the nutrition status than those undergoing another procedure in 
emergency cases. Dependence in ADL and COPD were associated 
with high risk in colorectal surgery, and a history of CVD was associ-
ated with high risk in gastrectomy. Patients who underwent concur-
rent surgery with distal gastrectomy or right hemicolectomy were also 
at high risk. Diverting stoma was not associated with the incidence of 
overall postoperative complications in low anterior resection. These 
results suggest that being in a poor state preoperatively was more 
critical for patients undergoing emergency surgery than cancer pro-
gression or the effects of preoperative chemotherapy. As in the above 
description about the incidence of postoperative complications, some 
risk factors were common across the four types of emergency surgery 
and others were different, suggesting that all emergency gastrointes-
tinal surgeries involve a physical burden but that some have an addi-
tional burden depending on the type of surgery.

The main strength of this study is that it used nationwide data in 
Japan. The NCD database covers almost all surgeries performed in 
Japan because it is linked to the board certification system in Japan. 
Moreover, many of the variables studied, including preoperative fac-
tors and postoperative complications, have been collected for five 
types of surgery. Emergency surgery is rare and only a large-scale 
database like the NCD can clarify its actual risks. Furthermore, only 
patients with cancer were included in this study, which eliminated 
the heterogeneity between benign and malignant diseases. We also 
included data for the five types of major surgery performed for 

gastrointestinal cancer to be able to provide gastrointestinal sur-
geons with useful information regarding the risks of these surgeries 
when performed on an emergency basis. However, the study also 
has some limitations, particularly its retrospective design and the 
potential for recall bias, and transcription errors. Also, data input was 
dependent on each institution. Nevertheless, we believe that the in-
fluence of theses biases was limited because the data were entered 
into the NCD on a yearly basis and it has been reported that there 
is little difference between the data on medical charts and those in 
the NCD.28

In conclusion, emergency surgery for gastrointestinal cancer 
was associated with high 30-day mortality and morbidity in Japan. 
Emergency surgery had an additional burden on patients depending on 
the type of surgery. The actual risk of emergency surgery and the risk 
factors for overall postoperative complications in emergency cases 
are shown to serve as a reference for postoperative management.
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