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Abstract

Purpose Although early prediction of mortality is useful for the management of patients with colorectal perforations, no
significant perioperative predictive factors have been identified. The purpose of this study was to identify useful prognostic
factors for patients with colorectal perforation.

Methods This single-center retrospective study included consecutive patients undergoing emergency surgery for colorectal
perforation from January 2012 to December 2019. The primary outcome was combined 30 day and in-hospital mortality.
Patient- and disease-related factors obtained perioperatively were evaluated for mortality prediction. A scoring system was
developed to enhance clinical utility.

Results Overall, 146 patients were included and 20 (14%) died after surgery. Multivariate logistic regression identified five
predictive factors: age, hemodialysis, uncommon perforation etiology, plasma albumin level, and decreased platelet count.
The area under the receiver operating curve for the scoring system using these parameters was 0.894 (95% CI 0.835-0.952).
Patients at high-risk of mortality were classified by the proposed score with a sensitivity of 90.0% and negative predictive
value of 98.0%.

Conclusion This study identified five perioperative factors significantly associated with mortality of patients with colorec-
tal perforation. Although these parameters predict mortality of patients with colorectal perforation using a score with high
discrimination, further study is required to confirm these findings.
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cause coagulopathy and is related to a poor prognosis [6—8].
Patients with colorectal perforation and fecal peritonitis may

Background

Colorectal perforation, which frequently leads to sepsis or
septic shock, continues to be associated with high mortal-
ity [1-4]. Patients who do survive a colorectal perforation
often need prolonged hospitalization with greater cost and
impaired ability to manage activities of daily living, which
makes it difficult to return to normal life [1, 4, 5]. Sepsis may
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develop coagulopathy, which is linked with higher mortality
and morbidity [8—10]. Therefore, findings of coagulopathy,
such as thrombocytopenia or prolongation of prothrombin
time in patients with colorectal perforation may be important
to improve overall outcomes.

While several prognostic factors for colorectal perforation
were investigated, including age, etiology of perforation,
coagulopathy, and physiological disturbance, few studies
focus on the host response to inflammation and/or surgi-
cal stress, which influence postoperative management. As
physiological changes, such as worsening coagulopathy, may
reflect the severity of disease, clinical parameters should be
examined considering perioperative physiology. Although
some scoring systems, including POSSUM and the Man-
nheim peritonitis index, utilize multiple prognostic factors
to enhance mortality prediction, they target only left sided
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colorectal perforations and need complicated calculations
which limit their practical application. Other scoring sys-
tems that can be used to classify critically ill patients, such
as APACHE II and SOFA, were not developed to assess
the severity of colorectal perforation, and it has not been
clarified whether these scores, or factors in the scores, are
associated with the prognosis of patients with colorectal
perforations.

Elucidating the factors that influence the mortality and
morbidity of patients with colorectal perforation is of great
importance to surgeons who perform emergency surgery for
patients with colorectal perforation. Clinical factors that can
be obtained immediately before and after surgery must be
examined in detail, and an accurate and easy-to-use scor-
ing system should be eventually developed. The purpose of
this study was to identify clinically relevant prognostic fac-
tors for patients with colorectal perforation and to propose
a candidate scoring system to be validated in future studies.

Methods
Study design

This retrospective study was approved by the Institutional
Review Board of Saiseikai Utsunomiya Hospital (No.2020-
). Consecutive patients undergoing emergency surgery for
colorectal perforation from January 2012 to December 2019
at Saiseikai Utsunomiya Hospital in Tochigi, Japan were
included in this study. The diagnosis of colorectal perfora-
tion in these patients was based on computed tomography
(CT) scan findings and confirmed by operative findings.
The etiology of colorectal perforation was based on intra-
operative and pathological findings. Emergency surgery was
defined as an operation performed within 24 h after making
the diagnosis. Patients with colorectal perforation due to
traumatic or iatrogenic injury, and limitations of care were
also excluded. Patients diagnosed preoperatively with a colo-
rectal perforation but found to have an upper gastrointestinal
perforation intraoperatively, or patients with a perforation
site not identified intraoperatively were excluded. The pri-
mary outcome of this study was the combined 30-day and
in-hospital mortality. Patients who died in the hospital at any
time after the operation were included, as well as all patients
who died within 30 days of the initial operation regardless
of whether they were in the hospital or not. The secondary
outcome was the rate of major postoperative complications.
Major postoperative complications included cardiovascular
dysfunction, respiratory dysfunction, and coagulopathy. Car-
diovascular dysfunction was defined as a requirement for
vasopressors (noradrenalin of 0.2 ug/kg/min and/or vaso-
pressin). Respiratory dysfunction was defined as the need
for postoperative mechanical ventilation for 7 days or more.
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Coagulopathy was characterized by (1) an INR greater than
1.40 without a known etiology (e.g. anticoagulant therapy,
chronic liver disease), (2) platelet count less than 150 x 10°/L
or a decrease in platelet count greater than 25% immediate
after operation and (3) the perioperative need for transfusion
of more than 10 units of fresh frozen plasma.

Data collection

Clinical and demographic data for study patients were
abstracted from the medical records. The etiology of the
perforation was based on CT scan and operative findings and
confirmed by pathological findings. Postoperative laboratory
data were defined as data measured immediately after opera-
tion in the ICU or inpatient ward, not routine data obtained
on postoperative day 1. Perioperative changes in white blood
cell count, platelet count, and PT-INR were determined by
comparing preoperative and postoperative values. In the
SOFA and APACHE II Scores, the worst score from admis-
sion to 24 h after operation is used.

Statistical analysis

All variables are expressed as the median (interquartile
range [IQR]) or proportions. Baseline characteristics were
compared between the “survived” and “died” groups using
the Mann—Whitney U test and Fisher’s exact test.

To identify factors significantly associated with colorec-
tal perforation, a multivariate logistic regression model was
developed using the backward stepwise method, in which
continuous outcomes were dichotomized based on previ-
ous studies. Precision of the logistic model was determined
with area under the receiver operating characteristic curve
(AUC) for mortality prediction calculated using original
samples, bootstrap resampling, and stratified tenfold cross-
validation. Variables in the regression model were assessed
for co-linearity using the variance inflation factor, in which a
value less than ten indicates a lack of multicollinearity. Fac-
tors with a p value <0.05 were considered to be statistically
significant for mortality in colorectal perforation. Factors
with p value <0.10 were also considered as non-negligible
prognostic factors to avoid overlooking significant prognos-
tic factors due to small sample size and lack of power. The
identified prognostic factors were then similarly examined
regarding whether they would predict the secondary out-
come, the incidence of major postoperative complications.

To enhance the clinical utility of the identified prognostic
factors, a scoring system was proposed, with point scores
assigned to the identified predictors based on the risk esti-
mate in the logistic model. The AUC of the score for mortal-
ity prediction was calculated and compared with SOFA and
APACHE 1II Scores. Classification of patients at high risk of
mortality based on the score was also assessed.
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Missing data were analyzed without imputation or manip-
ulation. All data were analyzed using SPSS 26.0 statistical
software (SPSS Inc., Chicago, IL) and R version 4.0.0 (R
Foundation for Statistical Computing, Vienna, Austria).

Results
Patients

During the study period, 167 patients underwent emergency
surgery for colorectal perforation. After applying exclusion
criteria (21 patients), 146 patients were analyzed. Of these,
20/146 patients (13.7%) died in the hospital postoperatively
(Fig. 1). No patients died between discharge and postop-
erative day 30. Patient characteristics are shown in Table 1.
Patients who died were significantly older compared with
those who survived. The time interval from onset of symp-
toms to surgery was shorter in patients who died compared
with those who survived. There was no significant difference
between the two groups in the incidence of comorbidities or
the rate of hypotension at diagnosis. There were two patients
with missing data: one patient with no data for PT-INR and
SOFA Score, one with no data for PT-INR.

Disease and operative findings

Disease and operative findings are shown in Table 2. There
were significant differences in the distribution of perfora-
tion etiologies or sites. Patients who died were more likely
to have etiologies other than diverticulitis or cancer, such
as ischemia and fecal impaction, and patients who survived
were more likely to have diverticulitis. The sigmoid colon
was a more common site of perforation among those who
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Table 1 Patient characteristics
Died Survived p value
(N=20) (N=126)
Age (years) 83 (89-77) 71 (81-61) 0.005
Male N (%) 9 (45) 67 (53) 0.631
Body mass index (kg/ 19.5 (23.4-19.1) 21.5(24.2-19.4) 0.169
m2)
Comorbidities
Hypertension 12 (60) 54 (43) 0.226
Diabetes mellitus 3(15) 13 (10) 0.462
Coronary artery 1(5) 10 (8) 1.000
disease
Cerebrovascular 2 (10) 8 (6) 0.628
disease
Atrial fibrillation 4 (20) 9(7) 0.081
Chronic kidney 3(15) 7(6) 0.140
disease with hemo-
dialysis
Malignancy® 3(15) 16 (13) 0.726
Immunocompro- 4 (20) 16 (13) 0.480
mised state
Time (hours)®
Onset to surgery 8 (23-3) 13 (45-3) 0.001
Onset to diagnosis 4 (8-0) 9 (28-0) 0.089
Diagnosis to surgery 3 (8-2) 4 (5-2) 0.695
Hypotension at diag- 5 (25) 14 (12.5) 0.142

nosis

Values are expressed as the median (interquartile) or the number (per-
cent)

*Patients with perforated tumors are not included

"Time of onset was based on the patients’ complaint; the time of
diagnosis was defined as the time of consultation with the surgeon;
the time of surgery was defined as the time of starting surgery

Fig. 1 Study flowchart

Patients underwent ecmergency surgery for colorectal perforation
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@ Springer



3020

T. Matsuoka et al.

Table 2 Disease and operative

e Died Survived p value
characteristics (N=20) (N=126)
Etiology of perforation (%) 0.034
Diverticulitis® 5(25) 69 (55)
Cancer 6 (30) 34 (25)
Uncommon others® 9 (45) 23 (20)
Fecal impaction 6 (30) 11 (11
Ischemia 2 (10) 54)
Idiopathic 1(5) 4(3)
Site of perforation (%) 0.017
Cecum/ascending colon 1(5) 11 (9)
Transverse colon® 2 (10) 22
Descending colon 3(15) 6(5)
Sigmoid colon® 6 (30) 76 (60)
Rectum 8 (40) 31(24)
Type of surgery (%) 0.057
Resection, stoma formation 19 (95) 117 (92)
Resection, anastomosis 0(0) 3(Q2)
Stoma formation 1(5) 0(0)
Others 0(0) 54)
Hinchey classification (%) 0.673
1 3(15) 30 (24)
I 1(5) 7 (6)
i 4 (20) 31(25)
v 12 (60) 57 (45)
Operating time (min) 142 (183-101) 155 (190-121) 0.524
Estimated blood loss (ml) 290 (537-44) 200 (358-43) 0.349
Intraoperative fluid administration (1) 3.3(4.6-2.3) 2.6 (3.6-2.0) 0.086
Intraoperative fluid balance (1) 2.7(3.1-1.1) 1.9 (2.6-1.4) 0.166

Values are expressed as the median (interquartile) or the number (percent)

Statistically significant difference as determined by post hoc analysis and Fisher’s exact test

survived. There were no significant differences in the type
of operation, Hinchey classification, operating time or esti-
mated blood loss.

Laboratory studies

Laboratory studies are shown in Table 3. At diagnosis, there
were no significant differences in white blood cell count,
platelet count, or prothrombin time between the two groups.
However, the serum albumin level was lower among those
who died. Postoperatively, the white blood cell and platelet
counts were significantly lower in patients who died. The
postoperative decrease in these parameters from the time of
diagnosis was significantly greater in those who died.

Postoperative outcomes

Postoperative outcomes are shown in Table 4. Although the
rate of sepsis was comparable between the two groups, the
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rate of septic shock was higher among those who died. The
APACHE II and SOFA Scores were significantly higher
in those who died. The number of ventilator days and ICU
length of stay were significantly longer for those who died.
Hospital length of stay was similar in the two groups.

Perioperative clinical parameters associated
with mortality

Multivariate analysis identified five variables that were
significantly related to mortality in patients after colorec-
tal perforation: age, comorbidity of hemodialysis, plasma
albumin level, uncommon etiology of perforation, and
decrease in the platelet count (Table 5). A decrease in
platelet count and age were strongly related with in-hos-
pital mortality in patients after colorectal perforation. All
variables had a variance inflation factor of less than 1.1,
which means there was no multicollinearity between the
predictors. Age, plasma albumin level, and decrease in the
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Table 3 Laboratory data Died Survived p value
(N=20) (N=126)
At diagnosis
White blood cell count (X 103/pL) 6.0 (10.2-1.8) 9.7 (13.9-5.6) 0.138
Platelet count (X 104/pL) 24.0 (31.6-16.5) 23.1 (30.3-15.9) 0.896
Prothrombin time (INR) 1.05 (1.16-0.94) 1.09 (1.19-0.99) 0.796
Albumin (g/dL) 2.6 (3.2-2.0) 3.3(3.9-2.7) 0.009
Postoperative
White blood cell count (x 10%/pL) 3.2(6.5-0.1) 8.6 (14.1-3.2) 0.006
Decrease from diagnosis (%) 42.4 (67.6-17.2) 12.5 (40.2-15) 0.028
Platelet count (x 10%/pL) 14.5 (18.2-10.8) 18.2 (24.1-12.4) 0.035
Decrease from diagnosis (%) 39.3 (49.9-28.6) 15.1 (26.9-3.2) <0.001
Prothrombin time (INR) 1.28 (1.62-1.13) 1.24 (1.44-1.10) 0.288

Values are expressed as the median (interquartile) or the number (percent)

Table 4 Postoperative outcomes

Died Survived  p value
(N=20) (N=126)
Major postoperative complica- 16 (80) 27 (21) <0.001
tions
Cardiovascular dysfunction 9 (45) 12 (10) <0.001
Respiratory dysfunction 9 (45) 10 (8) <0.001
Coagulopathy 16 (80) 27 (21) <0.001
Severity
APACHE II Score 19 (25-14) 13 (18-9) <0.001
SOFA Score 10(13-7) 4 (7-3) <0.001
Ventilator days 10 (164) 0(2-0) <0.001
Intensive care unit length of stay 12 (20-5) 3 (6-1) <0.001

Hospital Length of stay 29 (45-12) 24 (34-14) 0.480

Values are expressed as the median (interquartile) or the number (per-
cent)

APACHE II acute physiology and chronic health evaluation II, SOFA
sequential organ failure assessment

platelet count were also identified to predict the occur-
rence of major postoperative complications. The AUC
of the logistic model for mortality prediction was 0.911
(95% CI 0.852-0.970), and corrected AUC was 0.881 in

bootstrapping resampling and 0.878 in stratified tenfold
cross-validation.

A 0-10 score was proposed using the five prognostic fac-
tors (Table 6), and the AUC was calculated as 0.903 (95%
CI 0.840-0.965, while those of SOFA and APACHE II were
0.803 and 0.764, respectively (Fig. 2). Patients with high
risk of mortality (estimated mortality >25%, the Score >5
points) were classified by the proposed score with a sensitiv-
ity of 90.0% and a negative predictive value (NPV) of 98.0%
(Supplemental Table 1). The AUC of the score for predicting
the development of major postoperative complications was
0.776 (95% CI, 0.694-0.859).

Discussion

In this study, we identified five perioperative clinical param-
eters associated with short-term mortality following colorec-
tal perforation. Notably, one of the prognostic factors was a
decrease in the platelet count, which may reflect worsening
coagulopathy as a response to inflammation and/or surgical
stress. The value of these five simple predictors can be eas-
ily obtained without additional tests immediately before or
after surgery, which may facilitate clinical utility. A scoring

Table 5 Selected predictive

; R Coefficient Wald QOdds ratio (95% CI) p value

variables for a multivariable

model of mortality Age, (years) 0.07 5.33 1.07 1.01-1.13 0.021
Comorbidity of hemodialysis 2.46 6.03 11.7 1.65-83.89 0.014
Albumin, (g/dL) -0.65 3.12 0.52 0.26-1.07 0.078
Uncommon etiology (other than diver- 1.41 5.38 4.11 1.24-13.57 0.020

ticulitis, cancer)

Reduction of platelet count = 25 (%) -0.06 10.82 0.94 0.91-0.98 0.001

Omnibus tests of model coefficients: p <0.001, R square=0.486
Wald Wald statics, 95% CI 95% confidential interval.
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Table 6 Scoring system based on predictive factors for mortality

Points  Odds ratio (95% CI)
Comorbidity of hemodialysis
No 0 1 [Reference]
Yes 3 16.5 (1.8—150.5)
Reduction of platelet count (percent)
<25 0 1 [Reference]
=25 3 149 (3.4—65.2)
Age (years)
<75 0 1 [Reference]
=75 2 11.6  2.5—-53.9
Uncommon etiology of perforation
No (diverticulitis, cancer) 0 [Reference]
Yes 1 4.0 (1.1—14.2)
Albumin (< g/dL)
>2.5 0 1 [Reference]
<25 1 34 (1.0—12.0)
95% CI 95% confidential interval
il P TR
r /-.
2
@ 1]
c d] . —— EPPoC Score
3 r
115 - -- SOFA
4 APACHE Il
A
L
| v | v v | | v L}

1- Specificity

Fig.2 Receiver operating characteristic (ROC) curves are shown for
predicting mortality using the Early Prediction for Prognosis of Colo-
rectal perforation (EPPoC) score, sequential organ failure assessment
(SOFA) Score, and acute physiology and chronic health evaluation
(APACHE) II Score. The areas under the curve were 0.911, 0.803,
and 0.764 for the EPPoC score, SOFA score, and APACHE II score,
respectively

system is proposed using these five prognostic factors which
has a high discrimination power for mortality prediction and
high NPV for classifying the patients with at high-risk for
mortality.

A relationship between the etiology of perforation and
the prognosis has been reported [2, 3, 11, 12]. Sartelli et al.
pointed out that the prognosis of patients with a perfora-
tion due to diverticulitis was relatively better compared to
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patients with perforations due to other causes [11]. Although
colon cancer and ischemic disease were grouped together as
non-diverticulitis in that study, we divided the other etiolo-
gies into colon cancer, which was the second most common
etiology, and other uncommon etiologies such as ischemia in
the present study. As a result, diverticulitis and colon cancer
are not associated with a poor prognosis and “other etiolo-
gies” was selected as an independent predictor of mortality.
Older age, hypoalbuminemia and hemodialysis, which were
previously reported as independent risk factors in gastroin-
testinal surgery, were also identified as independent predic-
tors of mortality in the present study [13—17]. It is novel
and notable that a decrease in the platelet count for a short
time in the perioperative period was an independent factor to
predict mortality. Although a decrease in the platelet count
might be related to dilution by perioperative fluid adminis-
tration, we think that it may be related to the development of
coagulopathy and the severity of the systemic inflammatory
response to sepsis, which could have an impact on mortality.
As several studies reported that coagulopathy was closely
linked to a poor prognosis in patients with sepsis including
colorectal perforation [6—10], these results may reflect the
early detection of postoperative deterioration in physiologic
status, which stands out compared to previous studies.
Another strength of this study is that surgeons can evalu-
ate four of the five predictive factors before operation and
remaining factor can be determined immediately after sur-
gery. This suggests that these predictive factors may be use-
ful to guide clinical judgement regarding decisions such as
the type of operation or the type of admission (e.g. ICU or
general ward), but this requires verification in larger future
studies. Several studies report the safety of resection and
primary anastomosis in patients with perforated colorectal
diverticulitis with peritonitis [4, 5, 18]. However, patients
included in these studies suffered from perforated left-sided
diverticulitis, which is reported to have a somewhat better
prognosis, and often are not critically ill in the preoperative
period. In actual clinical practice, where manage patients
with colorectal perforation who are hemodynamically unsta-
ble or have perforations due to etiologies other than left-
sided diverticulitis, we must decide on the optimal procedure
or the need for ICU care. In these situations, the predictive
factors identified in this study may help surgeons assess the
severity of disease and guide the decision-making process.
To forecast the early prognosis of critically ill patients,
various scoring systems have been developed [19-24].
However, these scoring systems are based on data obtained
after ICU admission or the most abnormal values within
24 h serving as scoring variables [25-27], and do not con-
sider perioperative parameters that may be more closely
related to the prognosis of surgical patients. Moreover,
some of these conventional scoring systems need compli-
cated calculations with many variables, including those
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not routinely obtained. The scoring system proposed in
this study is derived from perioperative clinical parameters
that are easily obtained and developed using data from
patients with colorectal perforation. Although the pro-
posed score was derived using a small sample, it demon-
strates a high discrimination for mortality and a high NPV
for selecting patients with an increased risk of mortality.
We believe that this score has the potential to be utilized in
clinical practice, and further studies are definitely needed
to validate the generalizability of the score.

This study has acknowledged limitations. First, in the pre-
sent dataset, many patients underwent Hartmann’s proce-
dure. The exact procedure performed depended on the insti-
tutional policy based on the characteristics of the patients
admitted. This might affect the mortality of patients with
colorectal perforation. Second, the specific inclusion and
exclusion criteria for this clinical situation might be arbi-
trary and heterogeneous. Patients with micro-perforation or
intra-parietal air who failed nonoperative management were
not included, because they were operated on more than 24 h
after diagnosis. Finally, the sample size was not sufficient
to support development of an accurate risk scoring system.
Although we conducted several sensitivity analyses to vali-
date the multivariate logistic model, further study is needed
to refine the generalizability of this score.

Conclusion

Among patient- and disease-related factors determined
immediately before and after operation, five perioperative
clinical parameters were identified as significantly associ-
ated with short-term mortality in patients with colorectal
perforation. These five predictors may help surgeon to assess
the severity of disease and guide patient management. An
easy-to-use scoring system proposed in this study requires
future evaluation in large-scale prospective studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00068-021-01719-8.
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