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Abstract

Background: The effect of antithrombotic drugs on intraoperative operative blood loss volume in patients
undergoing emergency surgery for generalized peritonitis is not well defined. The purpose of this study was to
investigate the effect of antithrombotic drugs on intraoperative blood loss in patients with generalized peritonitis
using a nationwide surgical registry in Japan.

Method: This retrospective cohort study used a nationwide surgical registry data from 2011 to 2017 in Japan.
Propensity score matching for the use of antithrombotic drugs was used for the adjustment of age, gender,
comorbidities, frailty, preoperative state, types of surgery, surgical approach, laboratory data, and others. The main
outcome was intraoperative blood loss: comparison of intraoperative blood loss, ratio of intraoperative blood loss
after adjusted for confounding factors, and variable importance of all covariates.

Results: A total of 70,105 of the eligible 75,666 patients were included in this study, and 2947 patients were taking
antithrombotic drugs. Propensity score matching yielded 2864 well-balanced pairs. The blood loss volume was
slightly higher in the antithrombotic drug group (100 [10–349] vs 70 [10–299] ml). After adjustment for
confounding factors, the use of antithrombotic drugs was related to a 1.30-fold increase in intraoperative blood loss
compared to non-use of antithrombotic drugs (95% CI, 1.16–1.45). The variable importance revealed that the effect
of the use of antithrombotic drugs was minimal compared with surgical approach or type of surgery.

Conclusion: This study shows that while taking antithrombotic drugs is associated with a slight increase in
intraoperative blood loss in patients undergoing emergency surgery for generalized peritonitis, the effect is likely of
minimal clinical significance.

Keywords: Emergency gastrointestinal surgery, Generalized peritonitis, Antithrombotic drug, Intraoperative blood loss

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: tadashi_matsuoka1984@yahoo.co.jp
1Department of Emergency and Critical Care Medicine, School of Medicine,
Keio University, 35 Shinanomachi, Shinkjuku, Tokyo 164-8582, Japan
2Department of Surgery, Saiseikai Utsunomiya Hospital, Tochigi, Japan
Full list of author information is available at the end of the article

Matsuoka et al. World Journal of Emergency Surgery           (2021) 16:27 
https://doi.org/10.1186/s13017-021-00374-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s13017-021-00374-z&domain=pdf
http://orcid.org/0000-0002-3837-8960
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:tadashi_matsuoka1984@yahoo.co.jp


Background
The number of patients taking antithrombotic (AT)
drugs is increasing along with the aging population [1].
Surgeons are more often facing situations when they
have to operate on patients taking AT drugs. Emergency
surgery for generalized peritonitis, which may frequently
be associated with sepsis and coagulopathy, is associated
with a high risk of perioperative complications, report-
edly about 40~50% [2–4]. When considering surgery for
patients with generalized peritonitis who also take AT
drugs, there is always concern about increased intraoper-
ative blood loss, postoperative hemorrhage, and throm-
botic complications.
Clinical guidelines are inconclusive regarding the man-

agement of AT drugs for patients undergoing noncar-
diac surgery [5–8]. Many reports are based on studies
with a small sample size or retrospective data, which
may not allow conclusive statements. We previously re-
ported that the use of AT drugs was not significantly as-
sociated with increased intraoperative blood loss in
emergency gastrointestinal surgery in a single-institution
study of 170 patients taking AT drugs [9]. However, in-
cluding that study, there are no large-scale cohort stud-
ies to clarify the effect of AT drugs on blood loss. There
are no studies to date to definitively conclude that the
use of AT drugs does not affect clinically intraoperative
blood loss, perioperative hemorrhagic, or thrombotic
complications in patients undergoing emergency surgery
for generalized peritonitis.
The purpose of this study is to investigate the effect of

antithrombotic drugs on intraoperative blood loss in pa-
tients with generalized peritonitis using a nationwide
surgical registry in Japan. This information is of great
importance to surgeons who perform emergency gastro-
intestinal surgery.

Methods
Study design and population
This retrospective observational study used data from
the National Clinical Database (NCD), which is a nation-
wide surgical registry in Japan that contains data on
perioperative clinical characteristics and outcomes. In-
clusion criteria for this study were defined as patients
undergoing emergency surgery for acute generalized
peritonitis from 2011 to 2017. The AT drug group was
defined as patients who take AT drugs including either
antiplatelet drugs or anticoagulant drugs, regardless of
the use of antidotes. Data for patients with a missing
value in any of the following fields were excluded: the
use of AT drugs, intraoperative blood loss, date of sur-
gery, age, or gender. Data for patients with less fre-
quently performed procedures including highly invasive
procedures such as esophagectomy or pancreatomy, sur-
gery for non-gastrointestinal diseases, two or more

major procedures in the same operation (e.g., gastrec-
tomy and colectomy, concurrently), or surgery for
trauma was excluded. This study was approved by the
Institutional Review Board of Saiseikai Utsunomiya Hos-
pital (No. 2018-15). This study is reported in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [10].

Outcomes
The primary outcome of this study was intraoperative
blood loss. This comprehensive investigation of the ef-
fect of the use of AT drugs on intraoperative blood loss
was performed using the following three measures: com-
parison of intraoperative blood loss volume, ratio of
intraoperative blood loss compared with non-use of AT
drugs adjusted for potential confounding variables, and
the variable importance of all study variables including
covariates. Intraoperative blood loss was quantified by
measuring suction fluid and weighing surgical gauze
used for blood and fluid collection, in which fluid other
than blood such as ascites was subtracted. Secondary
outcomes were the incidence of severe intraoperative
bleeding, defined as intraoperative blood loss of more
than 1000 ml, intraoperative transfusions, bleeding com-
plications, thrombotic complications, postoperative
transfusions, in-hospital mortality, the rate of infectious
complications, duration of surgery, intensive care unit
(ICU) length of stay, and hospital length of stay.

Covariates
Potential confounders included demographic factors, co-
morbidities, the perioperative status of the patient, pro-
cedure performed, and laboratory data (Table 1 and
Table S1). Procedures performed were classified into 1
of the 12 surgical procedures listed, using the classifica-
tion which would most influence the intraoperative
blood loss: peritoneal lavage, gastrectomy, patch repair
of peptic ulcer, other gastric surgery, colorectal resec-
tion, other colorectal surgery, small bowel obstruction
surgery, other small intestinal surgery, stoma creation,
appendectomy, cholecystectomy, and common bile duct
surgery. Sepsis and septic shock were classified based on
the sepsis-1 definition [11]. Coagulopathy was defined as
both a platelet count less than 1.2 × 105/μL and PT-INR
more than 1.4. Acute kidney injury was defined as rapid
exacerbation of creatinine to more than 3 mg/dl, as a
change compared with 24-h before surgery.

Statistical analysis
Descriptive and bivariate analysis
All variables are expressed as the median (interquartile
range (IQR)) or proportions. Baseline characteristics
were compared between the AT drug group and the
control group by standardized differences. Intraoperative
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Table 1 Demographic, clinical, and surgical characteristics

Before Matching After Matching

AT Control Standardized
difference

AT Control Standardized
difference

Subjects 2947 67,158 2864 2864

Age, years (range) 77 (69–84) 70 (57–80) − 0.561 77 (69–84) 78 (68–84) − 0.008

Gender, Male 1884 (63.9%) 40067 (59.7%) 0.088 1815 (63.3%) 1795 (62.7%) 0.014

Body mass index (kg/m2) 21.5 (19.1–24.0) 21.0 (18.7–23.6) − 0.026 21.5 (19.1–24.0) 21.3 (19.0–23.9) − 0.014

Comorbidities

Diabetes mellitus 767 (26.0%) 9460 (14.1%) − 0.302 732 (25.6%) 721 (25.2%) − 0.009

Myocardial infarction 101 (3.4%) 296 (0.4%) − 0.218 89 (3.1%) 77 (2.7%) − 0.025

Angina pectoris 172 (5.8%) 772 (1.1%) − 0.257 150 (5.2%) 139 (4.9%) − 0.018

Congestive heart failure 336 (11.4%) 1171 (1.7%) − 0.397 299 (10.4%) 254 (8.9%) − 0.053

Hypertension 1764 (59.9%) 21452 (31.9%) − 0.584 1697 (59.3%) 1681 (58.7%) − 0.011

Cerebrovascular disease 572 (19.4%) 2644 (3.9%) − 0.497 532 (18.6%) 523 (18.3%) − 0.008

COPD 189 (6.4%) 2045 (3.0%) − 0.159 179 (6.3%) 166 (5.8%) − 0.019

CKD with hemodialysis 419 (14.2%) 2172 (3.2%) − 0.397 388 (13.5%) 370 (12.9%) − 0.019

Advanced cancer with metastasis 150 (5.1%) 2993 (4.5%) − 0.030 148 (5.2%) 158 (5.5%) 0.016

Long-term steroid use 312 (10.6%) 2718 (4.0%) − 0.253 292 (10.2%) 280 (9.8%) − 0.014

Past intervention history

PCI 393 (13.3%) 1123 (1.7%) − 0.454 345 (12.0%) 299 (10.4%) − 0.051

Cardiac surgery 307 (10.4%) 853 (1.3%) − 0.398 267 (9.3%) 224 (7.8%) − 0.054

Peripheral vascular surgery 157 (5.3%) 295 (0.4%) − 0.295 126 (4.4%) 96 (3.4%) − 0.054

Activities of daily living 0.429 0.005

Independent 1901 (64.5%) 55728 (83.0%) 1873 (65.4%) 1868 (65.2%)

Partial dependent 693 (23.5%) 7610 (11.3%) 656 (22.9%) 657 (22.9%)

Complete dependent 353 (12.0%) 3819 (5.7%) 335 (11.7%) 339 (11.8%)

Smoking history 397 (13.5%) 14288 (21.3%) 0.207 388 (13.5%) 394 (13.8%) 0.006

Drinking history 1083 (36.8%) 27307 (40.7%) 0.080 1046 (36.5%) 1025 (35.8%) − 0.016

Preoperative state

Severe Sepsis/ Septic shock 614 (20.8%) 5981 (8.9%) 0.506 579 (20.2%) 558 (19.5%) 0.024

Coagulopathy 201 (7.2%) 1209 (1.9%) − 0.258 163 (6.0%) 163 (6.0%) − 0.002

Acute kidney injury 324 (11.0%) 2202 (3.3%) − 0.303 305 (10.6%) 287 (10.0%) − 0.021

Mechanical ventilation 241 (8.2%) 1957 (2.9%) − 0.232 226 (7.9%) 220 (7.7%) − 0.008

Performance status 0.717 0.026

ASA-1E 53 (1.8%) 10540 (15.7%) 53 (1.9%) 60 (2.1%)

ASA-2E 685 (23.2%) 26256 (39.1%) 681 (23.8%) 702 (24.5%)

ASA-3E 1506 (51.1%) 22219 (33.1%) 1460 (51.0%) 1437 (50.2%)

ASA-4E 512 (17.4%) 6035 (9.0%) 491 (17.1%) 488 (17.1%)

ASA-5E 191 (6.5%) 2102 (3.1%) 179 (6.3%) 175 (6.1%)

Type of surgery 0.300 0.000

Peritoneal lavage 906 (30.7%) 22468 (33.5%) 890 (31.1%) 890 (31.1%)

Gastrectomy 17 (0.6%) 583 (0.9%) 14 (0.5%) 14 (0.5%)

Patch repair of peptic ulcer 161 (5.5%) 7353 (10.9%) 157 (5.5%) 157 (5.5%)

Other gastric surgery 9 (0.3%) 226 (0.3%) 8 (0.3%) 8 (0.3%)

Colorectal resection 649 (22.0%) 11150 (16.6%) 636 (22.2%) 636 (22.2%)
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blood loss was compared using the Mann-Whitney U
test. The relative risk of complications and mortality
were calculated among the two groups, with confidence
intervals estimated assuming binomial distributions.

Propensity score matching
Propensity score was calculated as predicted probability
of having received AT drugs preoperatively using a logis-
tic regression model, with all covariates listed in Table 1
and Additional file 4 as independent variables, on the
entire analysis dataset. Assuming balance in types of sur-
gery and coagulopathy is of particular importance, exact
matching was applied to stratify patients by these vari-
ables, followed by nearest neighbor matching within
each subgroup, with a caliper of standard deviation of
the propensity score multiplied by 0.25. Matching was
evaluated and optimized using standardized differences
as the primary measure of covariate balance.

Regression-adjusted effect of AT drugs on the
intraoperative blood loss
Multivariable regression was applied in the matched co-
hort [12]. The use of AT drugs and all covariates were
used as independent variables. By log-transforming in-
traoperative blood loss, its ratio between AT drug and
control groups, adjusted for other covariates, was
obtained.

Variable importance
Permutation variable importance, defined as a decrease
in the model accuracy caused by permutation of each in-
dependent variable, was calculated to examine the rela-
tive importance of AT drugs in affecting intraoperative

blood loss compared to other covariates [13, 14]. A ran-
dom forest model with 1000 trees using all the inde-
pendent variables was fitted for log-transformed
intraoperative blood loss (ml), with zero (0) replaced
with one (1).
Statistical analysis was performed by R software (ver-

sion 4.0.2, 2020; R Foundation for Statistical Computing,
Vienna, Austria). JMP® Pro software version 15.2.0 was
also used for comparison of variables between groups
(SAS Institute Inc., USA, 2020). All p-values were two-
sided and p-values less than 0.05 were considered
statistically significant. Details in statistical analysis were
described in Additional file 1.

Results
Patient characteristics
During the study period, 75,666 patients underwent
emergency surgery for generalized peritonitis. After ap-
plying exclusion criteria (5561 patients), 70,105 patients
remained and were analyzed as an unmatched cohort.
Of these, 2947 patients (4.2%) were taking AT drugs at
the time of emergency surgery. Propensity score match-
ing selected 2864 patients who used AT drugs and 2864
patients who did not (Fig. 1, Additional file 2). Demo-
graphic, clinical and surgical characteristics before and
after propensity score matching are shown in Table 1.
The etiologies of generalized peritonitis are shown in
Additional file 3. Before matching, patients taking AT
drugs were older and had more comorbidities such as
diabetes mellitus, coronary artery disease, cerebrovascu-
lar disease, and hypertension. More patients taking AT
drugs also had a previous history of interventions related
to cardiovascular diseases such as percutaneous coronary

Table 1 Demographic, clinical, and surgical characteristics (Continued)

Before Matching After Matching

AT Control Standardized
difference

AT Control Standardized
difference

Other colorectal surgery 34 (1.2%) 708 (1.1%) 33 (1.2%) 33 (1.2%)

Small bowel obstruction surgery 31 (1.1%) 588 (0.9%) 29 (1.0%) 29 (1.0%)

Other small intestinal surgery 357 (12.1%) 5980 (8.9%) 344 (12.0%) 344 (12.0%)

Stoma creation 476 (16.2%) 10002 (14.9%) 466 (16.3%) 466 (16.3%)

Appendectomy 206 (7.0%) 6852 (10.2%) 194 (6.8%) 194 (6.8%)

Cholecystectomy 92 (3.1%) 1089 (1.6%) 85 (3.0%) 85 (3.0%)

Common bile duct surgery 9 (0.3%) 159 (0.2%) 8 (0.3%) 8 (0.3%)

Surgical approach 0.193 − 0.037

Laparotomy 2688 (91.2%) 57074 (85.0%) 2611 (91.2%) 2640 (92.2%)

Laparoscopy 259 (8.8%) 10084 (15.0%) 253 (8.8%) 224 (7.8%)

Surgery for cancer 258 (8.8%) 6822 (10.2%) 0.048 256 (8.9%) 276 (9.6%) 0.024

Hospital volume (procedure/year) 78 (40–149) 78 (38–148) 0.029 78 (40–149) 82 (40–152) − 0.011

Data are presented as number (percentage) or median (interquartile range)
AT antithrombotic drug group, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, PCI percutaneous coronary intervention, ASA American
Society of Anesthesiologist
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intervention, cardiac surgery, and peripheral vascular
surgery. Preoperatively, sepsis and septic shock, and co-
agulopathy were seen more frequently in the AT group,
and performance state was lower compared to the con-
trol group before matching. There were relatively large
differences in the distribution of the types of surgical
procedures performed before matching. Patients taking
AT drugs were more likely to have undergone surgery of
the small intestine or colon/rectum compared with pa-
tients taking no AT drugs, while patients taking no AT
drugs were more likely to have undergone surgery of the
stomach or appendix. Open laparotomy approach was
more commonly performed for patients undergoing
emergency gastrointestinal procedures on patients taking
AT drugs. After matching, variables such as age, gender,
comorbidities, types of surgery, and surgical approach
were well balanced between the two groups. There were
no laboratory data variables, which were included in the
propensity score matching, with a standardized differ-
ence > 0.1 after matching (Additional file 4).

Primary outcome
Intraoperative blood loss in patients taking AT drugs
Before matching, intraoperative blood loss in the AT
drug group was significantly greater than in the control
group (the AT drug group vs the control group, median
(IQR): 100 (10–350) vs 50 (5–200) ml). After matching,
intraoperative blood loss in the AT drug group was
significantly greater than in the control group (100 (10–
349) vs 70 (10–299) ml) (Table 2, Fig. 2). The distribu-
tion of intraoperative blood loss by type of procedure and
the differences due to taking AT drugs are shown in Add-
itional file 5. Colon/rectal surgery and cholecystectomy

had more blood loss while patch repair of peptic ulcer and
appendectomy had less. For each type of procedure, the
difference between the AT drug group and the control
group was smaller than their interquartile ranges.

Adjusted ratio of intraoperative blood loss compared with
not taking AT drugs
After adjustment for potential confounding variables by
regression analysis in matched patients, taking AT drugs
was related to a 1.30-fold increase in intraoperative
blood loss compared with not taking AT drugs (95%
confidence interval, 1.16–1.45) (Table 2).

The variable importance of AT drugs
Permutation variable importance in the unmatched co-
hort suggested that type of surgical procedure and surgi-
cal approach have the highest impact on intraoperative
blood loss among the explanatory variables. The impact
of AT drugs was modest compared with type of surgery
and surgical approach (Fig. 3). The distribution of intra-
operative blood loss according to surgery type and surgi-
cal approach is shown in Fig. 4A. Surgery type such as
colorectal surgery or cholecystectomy, and open laparot-
omy approach were related to more intraoperative blood
loss. The distribution of intraoperative blood loss strati-
fied by the use of AT drugs or not for every type of sur-
gery was similar (Fig. 4B).

Secondary outcomes
Bleeding and thrombosis-related surgical outcomes
Table 3 and Additional file 6 show the relationship of
taking AT drugs and other outcomes examined. Before
matching, variables such as the rate of bleeding and

Fig. 1 Study population
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thrombotic complications, the rate of intraoperative and
postoperative blood transfusions, and the rate of severe
bleeding were higher among patients taking AT drugs
than in the control group. After matching, variables such
as the incidence of bleeding complications and the rate
of intraoperative and postoperative blood transfusions
were statistically significantly higher among patients tak-
ing AT drugs. There were no significant differences in
other variables such as the rate of thrombotic complica-
tions or occurrence of severe bleeding between the two
groups.

Other postoperative outcomes
Before matching, variables such as mortality, duration of
operation, length of stay, and the rate of infectious com-
plications (surgical site infection and pneumonia) were
higher among patients taking AT drugs compared to the
control group. After matching, only the duration of sur-
gery was higher among patients taking AT drugs (Table
3). There were no significant differences in other vari-
ables including mortality, length of stay, or rate of infec-
tious complications between the two groups.

Discussion
We previously reported no significant difference in in-
traoperative blood loss after adjustment for confounding
factors by propensity score matching in patients taking
AT drugs undergoing emergency gastrointestinal surgery

in a single institution [9]. In this study with a nationwide
large-scale cohort, we focused on patients with general-
ized peritonitis, which needed surgical intervention im-
mediately and was frequently accompanied by septic
shock and coagulopathy. While this study shows a statis-
tically significant increase in blood loss in patients taking
AT drugs, the difference is minimal and the impact of
intake of AT drugs on blood loss was lower compared
with other factors. Other outcomes related to the use of
AT drugs such as major intraoperative bleeding or the
need for transfusion were also related with only a slight
increase. These results suggest that AT drugs have a
minimal effect on intraoperative blood loss in patients
undergoing emergency surgery for generalized periton-
itis after adjusting for confounding factors and are likely
of minimal clinical significance. To the best of our
knowledge, this is the first report to demonstrate safety
for patients taking AT drugs with regard to perioperative
bleeding and thrombotic complications, who undergo
emergency gastrointestinal surgery for generalized
peritonitis.
There is a wide range of opinions about the periopera-

tive use of AT drugs. The American College of Sur-
geons’ guideline recommends cessation of aspirin for 7
to 10 days before procedures with a high risk for bleed-
ing such as gastrointestinal surgery [5], while the Society
of Thoracic Surgeons guidelines recommends continu-
ation of aspirin monotherapy in patients undergoing

Table 2 The differences and the ratio of intraoperative blood loss

AT Control

Subjects 2864 2864

Intraoperative blood loss (ml)b 100 (10–349) 70 (10–299)

Estimate (95% CI)

Adjusted ratio of the intraoperative blood lossa,b 1.30 (1.16–1.45)

Data are presented as median (interquartile range)
AT antithrombotic drug group, 95% CI 95% confidential interval
aCompared with non-use of the antithrombotic drugs after adjustment for potential confounding variables
bStatistically significant

Fig. 2 Comparison of intraoperative blood loss for antithrombotic drug use (box plot). A Before matching. B After matching. *p < 0.05 compared
with the control group as analyzed using Mann-Whitney U test. AT, antithrombotic drug group. The horizontal line in the middle of each box is
the median; box length is the interquartile range; whiskers represent the range of the data within the 10th and 90th percentiles
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noncardiac surgery [6]. The difference in the guidelines
is at least partially due to the low quality of available evi-
dence [15–19]. The incidence of difficulty obtaining in-
traoperative hemostasis is rarely mentioned in existing
studies. The present study results shows that AT drugs
were not related to difficult intraoperative hemostasis
during emergency surgery for generalized peritonitis be-
cause the increase in intraoperative blood loss and rate
of blood transfusions was not clinically significant al-
though it was statistically significant. Due to study de-
sign in patients undergoing emergency surgery, a
randomized controlled study cannot be carried out. The
results of this nationwide study have important implica-
tions for the clinical management of patients taking AT
drugs who undergo emergency gastrointestinal surgery.
Generalized peritonitis is frequently associated with sys-

temic sepsis and is considered by some to make operative
procedures more complicated, with increased blood loss due
to widespread inflammation [2, 20, 21]. Increased intraopera-
tive blood loss has unfavorable effects on immune function
[22–24] and is associated with major complications or a
worse prognosis [25, 26]. When performing gastrointestinal
surgery on patients with generalized peritonitis, surgical out-
comes including intraoperative blood loss, mortality, and
postoperative morbidities tend to be worse compared to per-
forming surgery on patients without generalized peritonitis
[27, 28]. This study shows that in patients with generalized
peritonitis, the effect of taking AT drugs on intraoperative

blood loss and rate of blood transfusions was minimal and
any increased risk of postoperative bleeding and thrombotic
related complications was acceptable.
In this study, several methods of analysis gave similar re-

sults to support the conclusion that the effect of taking AT
drugs was minimal. The type of surgical procedure or surgi-
cal approach, which have a high impact on intraoperative
blood loss in this study, were reported as important factors
associated with intraoperative blood loss in previous studies
[29–32]. Therefore, less invasive procedures and surgical ap-
proach should be selected if there is no difference in mortal-
ity and morbidity expected for a particular patient. When
selecting the procedure and surgical approach, taking AT
drugs alone should not be a major factor in the decision-
making process based on these results. For example, recent
studies suggest that in patients with colorectal perforation,
peritoneal lavage or laparoscopic surgery should be selected
rather than open resection, if the situation permits, with no
significant differences in mortality or the rate of serious com-
plications between these procedures and surgical approaches
[33–35]. Surgeons should manage patients with generalized
peritonitis balancing the surgical curability of the disease and
the feasibility of the selected procedure and surgical ap-
proach and do not need to place undue emphasis on the use
of AT drugs in some patients.
This study has acknowledged limitations. First, this

study includes patients who take all types of AT drugs
including antiplatelet drugs and anticoagulant drugs

Fig. 3 Relative importance of each covariate in predicting intraoperative blood loss by the variable importance method. Permutation variable
importance was defined as a decrease in the model accuracy caused by permutation of an independent variable. All variables had statistically
significant importance. eGFR, estimated glomerular filtration rate; BMI, body mass index; Cre, creatinine; PS-ASA, performance status classification
by American Society of Anesthesiologist; ALT, alanine aminotransferase; CRP, C-reactive protein; ALP, alkaline phosphatase; BUN, blood urea
nitrogen; APTT, activated partial thromboplastin time; AKI, acute kidney injury; ADL, activities of daily living; WBC, white blood cell; CKD, chronic
kidney disease; AST, aspartate aminotransferase; CHF, congestive heart failure; Na, serum sodium; COPD, chronic obstructive pulmonary disease;
PCI, percutaneous coronary intervention
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because the database used in this study does not distin-
guish among the types of AT drugs. Different mechanisms
may confer different effects on intraoperative blood loss.
In addition, information about whether or not patients
had therapeutic blood levels of the AT drugs at the time
of emergency surgery is also unknown. Second, the use of
antidotes and the timing of restarting AT drugs were at
the discretion of the primary surgeon and are unknown in
this study. Although the exact number of patients given
vitamin K, which needs some time to normalize the PT-
INR, is unknown, it would likely not be effective as an
antidote for emergency surgery. Prothrombin complex
concentrate and antidotes of direct oral anticoagulant
were not approved yet in Japan during the study period.
Therefore, we believe the effect of antidotes on the results
of this study is minimal. Third, although propensity score
matching is used to decrease the bias between the two
groups; this study is retrospective and not blinded. Fourth,
safety as an outcome is hard to quantify. We judged the
primary outcome of this study as not clinically significant
and “safe” because the difference and risks of outcomes
are minimal. Fifth, the judgment to perform the operation
and he choice of procedure is at the discretion of the

individual surgeon, which could have resulted in underesti-
mated effect of AT drugs. For a patient taking AT drugs with
a high risk of bleeding, surgeons might choose a less invasive
procedure, or non-operative therapy, which they would not
choose if the patient did not take AT drugs. Finally, the great
variety of types of surgery and surgical approaches compli-
cates analysis of the effect of AT drugs on patient outcomes
as in this study. However, when undertaking emergency sur-
gery for patients with acute generalized peritonitis, it may be
difficult to preoperatively decide the surgical procedure or
approach which will finally be used. It is not unusual to
change the approach according to the intraoperative findings
and patients’ status. Therefore, it is important to understand
the relationships between intraoperative blood loss and the
use of antithrombotic drugs in patients with acute general-
ized peritonitis as a whole. We believe that the results of this
study are of great importance to surgeons who perform
emergency gastrointestinal surgery.

Conclusion
This study revealed that while patients taking AT drugs
have increased intraoperative blood loss during emer-
gency surgery for generalized peritonitis, the effect is of

Fig. 4 Distribution of intraoperative blood loss in the entire without matching. A By major procedure type and surgical approach. B By major
procedure type and use of antithrombotic drugs. The horizontal line in the middle of each box represents the median; box length represents the
interquartile range; whiskers represent the range of within the 10th and 90th percentiles
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minimal clinical significance in most scenarios. There-
fore, surgery for patients taking AT drugs with general-
ized peritonitis can be performed safely although the use
of AT drugs must be taken into consideration, with indi-
vidualized management according to the individual con-
dition and procedural risk stratification.
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AT Control Relative risk 95% confidential interval

Subjects 2864 2864

Bleeding and thrombosis-related surgical outcomes

Intraoperative severe bleedinga 229 (8.0%) 194 (6.8%) 1.18 0.98–1.42

Intraoperative transfusion 1020 (35.6%) 865 (30.2%) 1.18 1.09–1.27

Bleeding complication 145 (5.1%) 110 (3.8%) 1.32 1.03–1.68
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Postoperative transfusion 711 (24.8%) 625 (21.8%) 1.14 1.04–1.25

Other postoperative outcomes

Mortality 664 (23.2%) 662 (23.1%) 1.00 0.91–1.10

Infectious complication

Severe sepsis/ septic shock 567 (19.8%) 539 (18.8%) 1.05 0.95–1.17

Surgical site infection 880 (30.7%) 837 (29.2%) 1.05 0.97–1.14

Pneumonia 421 (14.7%) 407 (14.2%) 1.03 0.91–1.17

Urinary tract infection 116 (4.1%) 109 (3.8%) 1.06 0.82–1.38

Duration of operation (minutes) 129 (95–175) 125 (92–168) - -

ICU length of stay 5 (3–11) 5 (3–11) - -

Hospital length of stay 31 (16–54) 32 (18–57) - -

Data are presented as number (percentage) or median (interquartile range)
AT antithrombotic drug group, ICU intensive care unit
aIntraoperative severe bleeding was defined as intraoperative blood loss of more than 1000 ml
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