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Patient outcomes and prognostic factors associated with
colonic perforation surgery: a retrospective study
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Department of Surgery, Daegu Catholic University Medical Center, Daegu Catholic University School of Medicine, Daegu, Korea

Background: Despite advances in surgery and intensive perioperative care, fecal peritonitis secondary to colonic perforation is associ-
ated with high rates of morbidity and mortality. This study was performed to review the outcomes of patients who underwent colonic
perforation surgery and to evaluate the prognostic factors associated with mortality.

Methods: A retrospective analysis was performed on 224 consecutive patients who underwent emergency colonic perforation surgery
between January 2008 and May 2019. We divided the patients into survivor and non-survivor groups and compared their surgical
outcomes.

Results: The most common cause of colon perforation was malignancy in 54 patients (24.1%), followed by iatrogenic perforation in
41 (18.3%), stercoral perforation in 39 (17.4%), and diverticulitis in 37 (16.5%). The sigmoid colon (n=124, 55.4%) was the most
common location of perforation, followed by the ascending colon, rectum, and cecum. Forty-five patients (20.1%) died within 1
month after surgery. Comparing the 179 survivors with the 45 non-survivors, the patient characteristics associated with mortality
were advanced age, low systolic blood pressure, tachycardia, organ failure, high C-reactive protein, high creatinine, prolonged pro-
thrombin time, and high lactate level. The presence of free or feculent fluid, diffuse peritonitis, and right-sided perforation were asso-
ciated with mortality. In multivariate analysis, advanced age, organ failure, right-sided perforation, and diffuse peritonitis inde-
pendently predicted mortality within 1 month after surgery.

Conclusion: Age and organ failure were prognostic factors for mortality associated with colon perforation. Furthermore, right-sided
perforation and diffuse peritonitis demonstrated a significant association with patient mortality.
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Introduction

Fecal peritonitis secondary to colonic perforation is a life-threaten-
ing condition, and emergency surgical management is associated
with high morbidity and mortality rates. Despite advances in surgi-
cal techniques and perioperative management, surgical outcomes
after colonic perforation have not improved [ 1-4]. It is important

to preoperatively evaluate the severity of peritonitis and identify the

associated risk factors for mortality because patients with severe
peritonitis require immediate surgical management and high-quali-
ty intensive care. Additionally, the severity of the peritonitis, poten-
tial predictors, and the likelihood of mortality should be included in
the information provided to patients and their families.

Several studies have investigated the prognostic factors associat-
ed with the mortality and morbidity of patients with fecal peritoni-

tis; consequently, several scoring systems are available [1,5-7].
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However, these risk factors and scoring systems have only been val-
idated in small-population studies and are not clinically prevalent.
Nonetheless, many studies are ongoing to determine other risk fac-
tors associated with mortality in patients who undergo colonic per-
foration.

Hartmann’s procedure is the standard surgical procedure for
treating left colonic perforation [ 8,9 ]. Hartmann’s procedure is as-
sociated with low quality of life because of the colostomy care re-
quired [ 10], and restoration of intestinal continuity is associated
with morbidity and mortality [11]. The reversal rate of Hart-
mann’s procedure tends to be lower than 50% in most reported ar-
ticles [ 12]. However, it is inconclusive whether primary resection
and anastomosis without fecal diversion is safer than Hartmann’s
procedure for left colonic perforation.

Thus, the aim of this observational retrospective study was to re-
view the outcomes of patients who underwent emergency surgery
for fecal peritonitis secondary to colonic perforation. The primary
objective was to compare various factors between survivors and
non-survivors. Accordingly, we aimed to predict outcomes based
on patient conditions before and during surgery. The secondary
objective was to evaluate the necessity of fecal diversion in patients

with left colonic perforation without prognostic factors.
Methods

Ethical statements: The study protocol was approved by the
Institutional Review Board (IRB) of Daegu Catholic Universi-
ty Hospital (IRB No: CR-21-069), which waived the need for
informed consent due to the retrospective design of the study.

1. Study design and population

For this retrospective study, we selected 224 consecutive patients
who underwent emergency surgery for fecal peritonitis secondary
to colon perforation between January 2008 and May 2019 at Dae-
gu Catholic University Hospital in Korea. Patients with perfora-

tions from other gastrointestinal conditions were excluded.

2. Data collection

Patient clinical and management data were collected from medi-
cal chart reviews. This included patient demographics such as
sex, age, height, weight, body mass index, comorbidities, time
from symptom onset to surgery, American Society of Anesthesi-
ologists (ASA) physical status (PS) classification, initial vital
signs, white blood cell count, hemoglobin, prothrombin time, ac-
tivated partial thromboplastin time, serum protein levels, albu-
min, lactate, C-reactive protein (CRP), creatinine, and blood
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urea nitrogen at the time of admission. The surgical and patho-
logical reports were reviewed to obtain data regarding the extent
of peritoneal contamination, the types of surgery performed, and
the sites and causes of perforation. In addition, the length of op-
eration, perioperative complications, mortality, and length of
hospital stay were reviewed. Patients were divided into survivors
and non-survivors, and clinical data were compared between the
groups.

We defined advanced age as > 70 years. Organ failure was de-
fined as follows: (1) renal failure with creatinine levels of > 1.4
mg/dL, (2) circulatory failure with systolic arterial pressure of
<90 mmHg requiring inotropes, and (3) respiratory failure with
partial pressure of oxygen <60 mmHg. Free fluid was defined as
the presence of hypodense fluid within the pelvic cavity, subphren-
ic space, paracolic gutters, or other intraperitoneal spaces on com-
puted tomography (CT) scan. Feculent fluid was defined as the
presence of feces protruding through the perforation site with spill-
age to the adjacent peritoneal cavity on CT scan. Free perforation
was defined as air bubbles or air collection within the abdominal
cavity, with a distance greater than 5 cm of the affected bowel seg-
ment. Diffuse peritonitis was defined as contamination or exudate
in the four quadrants during surgery.

The left colon was defined as the descending colon to the rec-
tum. Perioperative mortality was defined as death occurring within
1 month of surgery. Complications were graded according to the
Clavien-Dindo classification [ 13].

3. Operative parameters

We reported postoperative morbidity and mortality, fecal diver-
sion, specialty of the attending surgeon, and rate of bowel recon-
struction. The operation results (Hartmann’s procedure, primary
resection and anastomosis with or without fecal diversion, anas-

tomotic dehiscence, or stoma closure) were also recorded.

4. Subgroup analysis

In accordance with our second objective, we evaluated the necessi-
ty of fecal diversion in patients with left colonic perforation with-
out prognostic factors. Thus, to compare the surgical outcomes
with or without fecal diversion, we excluded 106 patients who had
diffuse peritonitis from the 165 patients with left colonic perfora-
tion because diffuse peritonitis was an independent surgical prog-
nostic factor. Thus, the sub-analysis included a group of patients
with left colonic perforation at low risk of mortality. Accordingly,

59 patients were included in the sub-analysis.

S. Statistical methods
Comparisons between groups were performed using the chi-
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square test or Student t-test. We used two-way contingency tables
to compare discrete variables and implemented Fisher exact test
when low expected values were present. Univariate and multivari-
ate analyses were performed. The variables were analyzed for vari-
ous outcomes using simple logistic regression, and odds ratios and
95% confidence intervals were reported. For multivariate analysis,
amultiple logistic regression model was used. The Mann-Whitney
U-test was used to analyze the differences in non-categorical vari-
ables among the subgroups. All analyses were performed using
IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and all
p-values were two-sided; p-values of < 0.05 were considered statis-
tically significant.

Results

Two hundred and twenty-four patients were included in this study.
The patient characteristics are presented in Table 1. The mean pa-
tient age was 67.5+ 15.3 years (102 male, 122 female). The most
common perforation site was the sigmoid colon in 124 patients
(55.4%); 59 patients (26.3%) had perforations on the right side
and 165 (73.7%) had perforations on the left side. Resection and
anastomosis (50.0%) were the most frequently performed surger-
ies, followed by Hartmann’s procedure (27.7%). Malignancy was
the most common cause of perforation in both groups, but stercor-
al and ischemic colitis were more common in the non-survivors.

A comparison of the factors associated with survivors and
non-survivors indicated that age (66 £ 15.5 years vs. 73.4+ 13.2
years, p=0.004), organ failure (19.6% vs. 53.3%, p < 0.001), systol-
ic blood pressure (117.7+22 mmHg vs. 105.4+30.3 mmHg,
p=0.003), and heart rate (87.5 £ 16.1 beats/min vs. 94.5 £20.6
beats/min, p=0.041) were significantly different (Table 2). Analy-
sis of laboratory values indicated that CRP, creatinine, prothrom-
bin time, and lactate levels were significantly different between the
groups. Analysis of the factors associated with characteristics of
peritonitis indicated that free fluid (50.6% vs. 76.7%, p =0.003),
feculent fluid (36% vs. 55.6%, p=0.027), diffuse peritonitis
(52.6% vs. 82.2%, p=0.001), and right-sided perforation (22.9%
vs. 40%, p=0.033) were significantly different. The operative out-
comes are summarized in Table 3. There were 89 patients (39.7%)
with Clavien-Dindo classification > III, of whom 45 (20.1%) died
within 1 month after surgery. Of the total, 120 patients (53.6%)
underwent fecal diversions, such as Hartmann’s procedure, ileosto-
my, or colostomy, and 64 (72.7%) of the 88 surviving patients un-
derwent stoma closure.

The univariate and multivariate regression analyses are present-
edin Table 4. Age of > 70 years, >2 comorbidities, organ failure,
renal failure, prolonged prothrombin time, free fluid, feculent fluid,

diffuse peritonitis, and right-sided perforation were associated with
mortality. When multivariate analysis was performed to determine
whether the aforementioned factors were prognostic, only ad-
vanced age, organ failure, right-sided perforation, and diffuse peri-
tonitis were statistically significant.

Sub-analysis between the group that underwent fecal diversion
(n=30) and the group that underwent surgical methods without
fecal diversion (n=29) revealed that there was no significant dif-
ference between the groups in terms of preoperative and intraop-
erative findings such as age and comorbidities. This suggests that
there were no preoperative differences in other risk factors for
mortality. Moreover, there were nine patients (30.0%) whose
stoma could not be reversed. Nonetheless, there was no signifi-
cant difference in mortality and morbidity between the groups
(Table S).

Discussion

Colonic perforation causes widespread dissemination of bacteria
and feces into the intraperitoneal space and can lead to peritonitis,
septic shock, and multiple organ failure. The mortality rate associ-
ated with colon perforation reportedly ranges from 6.2% to 33.3%
[1,5-7,14-17]. Similarly, the mortality rate in our study was 20.1%.
Our results also showed that old age, organ failure, right-sided per-
foration, and diffuse peritonitis were associated with mortality. In
addition, in the absence of diffuse peritonitis, even patients with
left colon perforations showed comparable surgical outcomes with
or without fecal diversion. Thus, considering that there are several
complications associated with stoma reversal and that many pa-
tients have a permanent stoma, a stoma can be omitted if there are
no associated risk factors.

Fecal peritonitis due to colonic perforation is largely associated
with mortality due to factors such as patient characteristics (in-
cluding age, ASA PS classification, concurrent medical disease, im-
munosuppression, and performance status), peritonitis severity, or
an interaction between them. Factors such as organ failure and var-
ious deteriorations of the blood represent an interaction between
patient characteristics and peritonitis severity. Moreover, there are
reports of worsening prognosis in patients with lactic acidosis, leu-
kopenia, and bleeding tendency [9,18,19].

In a large cohort of patients with fecal peritonitis, the strongest
independent risk factors for mortality were increased age, renal
dysfunction, hypothermia, and low hematocrit levels [20]. Fur-
thermore, Tan etal. [21] showed that there was a significant associ-
ation between mortality and morbidity rates and ASA PS classifi-
cation, as well as the acute physiology component of the Acute
Physiology and Chronic Health Evaluation II score in patients
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Table 1. Characteristics of the study population and comparison between the survivors and non-survivors

Characteristic Overall Survivor Non-survivor p-value
No. of patients 224 179 45
Sex >0.999
Male 102 (45.5) 82 (45.8) 20 (44.4)
Female 122 (54.5) 97 (54.2) 25 (55.6)
Age (yn) 67.5+15.3 66.0 £ 15.5 734 £ 13.2 0.004
ASA PS classification 0.118
| 52 (23.2) 47 (26.3) 5(11.1)
Il 119 (53.1) 94 (52.5) 25 (55.6)
11l 49 (21.9) 35(19.6) 14 (31.1)
\% 4(1.8) 3(1.7) 1(2.2)
Location 0.160
Cecum 18 (8.0) 14 (7.8) 4(8.9)
Ascending colon 22 (9.8) 16 (8.9) 6(13.3)
Hepatic flexure colon 3(1.3) 2(1.1) 1(22)
Transverse colon 16 (7.1) 8 (4.5) 7 (15.6)
Splenic flexure colon 5(2.2) 4(2.2) 2 (4.4)
Descending colon 15(6.7) 12 (6.7) 3(6.7)
Sigmoid colon 124 (55.4) 105 (58.7) 19 (42.2)
Rectum 21(9.4) 18 (10.1) 3(6.7)
Sidedness 0.033
Right location 59 (26.3) 41(22.9) 18 (40.0)
Left location 165 (73.7) 138 (77.1) 27 (60.0)
Types of surgery 0.004
Hartmann's operation 62 (27.7) 41 (22.9) 21 (46.7)
Resection and anastomosis 112 (50) 93 (52) 19 (42.2)
Primary closure 35(15.6) 33(18.4) 2(4.4)
Stoma only 11 (4.9) 10 (5.6) 1(2.2)
Drainage only 4(1.8) 2(1.1) 2(4.4)
Stoma creation 120 (53.6) 88 (49.2) 32(71.1) 0.013
No stoma creation 104 (46.4) 91 (50.8) 13 (28.9)
Causes of perforation 0.023
Malignancy 54 (24.1) 41 (22.9) 13 (28.9)
Diverticulitis 37 (16.5) 30(16.8) 7 (15.6)
latrogenic 41 (18.3) 39(21.8) 2 (4.4)
Ischemic colitis 16 (7.1) 9 (5.0) 7 (15.6)
Stercoral 39 (17.4) 28 (15.6) 1 (24.4)
Trauma 24 (10.7) 21(11.7) 3(6.7)
Unknown 13 (5.8) 1 (6.1) 2 (4.4)

Values are presented as number only, number (%), or mean +standard deviation.

ASA, American Society of Anesthesiologists; PS, physical status.

with colon cancer perforation. These findings are further support-
ed by those of Yoo et al. [22]. Thus, a scoring system is useful for
objectively describing patient conditions, thereby aiding surgical
decisions for patients with fecal peritonitis [ 5].

While the predictive value of factors that reflect the severity of
peritonitis has been previously studied, it is difficult to quantita-

tively measure the degree of peritonitis. Until now, only a scoring
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system based on the peritonitis scope and spillage content has
been developed. Nevertheless, these studies emphasize the impor-
tance of diffuse peritonitis. There are reports that the spread of as-
cites on a preoperative CT scan is significant for predicting mortal-
ity [18]. Similarly, we showed that prognosis was not affected by
the degree of contamination of the ascites, but rather the extent to
which it had spread. These results support the speculation that the
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Table 2. Comparison of perioperative factors between the survivors and non-survivors

Characteristic Survivor (n=179) Non-survivor (n=45) p-value
Time from symptom onset to surgery (day) 1.6+2.7 22+36 0.251
Organ failure 35(19.6) 24 (53.3) <0.001
Systolic blood pressure (mmHg) 1M7.7+22 105.4+30.3 0.003
Heart rate (beats/min) 87.5+16.1 94.5+20.6 0.041
White blood cell count (10°/uL) 0.178

<40 30(16.8) 13 (28.9)

>4.0, <10.0 73 (40.8) 15(33.3)

>10.0 76 (42.5) 17 (37.8)
C-reactive protein (mg/L) 89.7+104.4 135.2+119.1 0.029
Creatinine (mg/dL) 1.1+£1.1 14409 0.037
Prothrombin time (sec) 144+14 16.3+3.1 <0.001
Lactate (mmol/L) 28+19 55+2.4 0.001
Free perforation 142 (81.1) 40 (88.9) 0.315
Free fluid 88 (50.6) 33(76.7) 0.003
Feculent fluid 63 (36.0) 25 (55.6) 0.027
Abscess 23 (13.1) 4(9.3) 0.670
Diffuse peritonitis 92 (52.6) 37(82.2) 0.001
Retroperitoneal perforation 25(14.3) 7 (15.9) 0.973

Values are presented as mean + standard deviation or number (%).

Table 3. Comparison of operative outcomes between the survivors and non-survivors

Characteristic Survivor (n=179) Non-survivor (n=45) p-value
Colorectal surgeon 137 (76.5) 30 (66.7) 0.243
Operative time (min) 169.5+67.1 186.2+131.1 0.235
Intraoperative lavage 14 (7.8) 2 (4.4) 0.745
Stoma reversal 64 (72.7)° NA
Complication

Surgical site infection 47 (26.3) 10 (22.2) 0.716

Intraabdominal abscess 36 (20.1) 8(17.8) 0.887

Septic shock 9 (5.0) 40 (88.9) <0.001

Pneumonia 19 (10.6) 8(17.8) 0.288

Cardiovascular events 3(1.7) 13 (28.9) <0.001

Paralytic ileus 8 (4.5) 0(0) 0.363

Anastomosis leakage 2(1.1) 6(13.3) 0.001

Multiorgan failure 1(0.6) 39 (86.7) <0.001
Clavien-Dindo classification NA

| 19 (10.6)

I 58 (32.4)

Il 38(212)

% 6(3.4)

Values are presented as number (%) or mean * standard deviation.
NA, not applicable.
The stoma reversal rate was based on 88 survivors among patients with stoma creation.

spread of ascites indicates the severity of peritonitis or the duration not reveal interval length as a prognostic factor for mortality.

from the onset of perforation. While mortality rates have been Furthermore, our result that diffuse peritonitis is an important
shown to increase with the interval length between the time of hol- prognostic factor is similar to results from studies on colorectal
low organ perforation and the time of surgery [23], our results did cancer obstruction. When perforation occurs proximal to the ob-
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Table 4. Analysis of mortality

Univariate analysis

Multivariate analysis

Variable 0dds ratio (95% Cl) p-value Odds ratio (95% Cl) p-value
Age (yr)

<70 1

>70 3.496 (1.667-7.331) 0.001 2.993 (1.254-7.139) 0.013
Comorbidity, >2 3.032 (1.549-5.934) 0.001 1.738 (0.767-3.938) 0.185
Organ failure 4.702 (2.353-9.397) <0.001 4.207 (1.326-13.347) 0.015
Renal failure 3.568 (1.663-7.658) 0.001 0.606 (0.168-2.189) 0.445
Prolonged prothrombin time (> 15 sec) 3.225 (1.646-6.319) 0.001 1.899 (0.855-4.219) 0.115
Free fluid 3.225 (1.497-6.947) 0.003 1.404 (0.542-3.633) 0.485
Feculent fluid 2.222 (1.144-4.317) 0.018 0.935 (0.39-2.245) 0.881
Diffuse peritonitis 4.173 (1.838-9.472) 0.001 3.184 (1.208-8.397) 0.019
Sidedness

Right location 2.244 (1.125-4.477) 0.022 2.348 (1.026-5.373) 0.043

Left location 1
Cl, confidence interval.
Table 5. Subgroup analysis of patients with left-sided colon perforation and low risk factors
Characteristic Without fecal diversion (n=29) With fecal diversion (n=30) p-value
Sex 0.908

Male 13 (44.8) 13 (43.3)

Female 16 (55.2) 17 (56.7)
Age (yr) 62.5+16.3 65.4+16.3 0.299
Systolic blood pressure (mmHg) 1247+ 14.5 119.2+£19.2 0.114
Heart rate (beats/min) 85.6+ 14.4 885+ 12.4 0.346
C-reactive protein (mg/L) 51.9+71.2 85.2+88.7 0.115
Creatinine (mg/dL) 0.7+0.2 0.8+0.3 0.169
Prothrombin time (s) 13.7+0.8 14.1+1.1 0.179
Lactate (mmol/L) 22+1.0 1.7+0.6 0.402
Free perforation 22 (78.6) 19 (65.5) 0.273
Free fluid 10 (35.7) 9(31.0) 0.708
Feculent fluid 6(21.4) 8(27.6) 0.589
Abscess 6(21.4) 5(17.2) 0.689
Retroperitoneal perforation 6(21.4) 4(13.8) 0.5047
Operative time (min) 166.2 +59.5 185.1+63.6 0.180
Hospital stay (day) 13.9+6.1 20.1+12.1 0.050
Clavien-Dindo classification 0.543

| 1(3.4) 3(10.0)

1] 10 (34.5) 7(23.3)

11l 10 (34.5) 7 (23.3)

\% 5(17.2) 7 (23.3)
Mortality 2(6.9) 2(6.7) >0.999”

Values are presented as number (%) or mean *standard deviation.
IStatistical significance was assessed by Fisher exact test.

structing tumor, it tends to be severe due to intestinal distension, ty. In contrast, when perforation occurs at the cancer site, the con-

and peritoneal contamination is diffuse and fecal. This leads to se- tamination is usually localized, typically leading to purulent collec-
vere septic shock, which increases the risk of perioperative mortali- tion and resulting in a lower risk of severe peritonitis [ 24]. In our
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study, this is also the reason that peritonitis on the right side had a
worse prognosis than that on the left side. In cases of perforation
on the right side, more diffuse peritonitis occurred, which led to a
WOTse prognosis.

The optimal surgical treatment for colonic perforation remains
controversial, and the treatment strategy depends on the patient’s
general condition and the experience of the primary surgeon. De-
spite advancements in surgical techniques, Hartmann’s procedure
is still frequently performed to treat left colonic perforation [8,9].
The literature that primary anastomosis has comparable surgical
outcomes to Hartmann’s procedure has mainly been studied in pa-
tients with diverticular perforation [25]. Primary anastomosis
without fecal diversion has a longer operative time, and Hart-
mann’s procedure is a safer option for patients with severe medical
illness. Therefore, it is important to determine the patient’s overall
condition and account for risk factors and conditions that are asso-
ciated with mortality prior to surgery. In the absence of diffuse
peritonitis, primary anastomosis and stoma omission had similar
operative outcomes to Hartmann’s procedure even in patients with
left colon perforation.

Our study has some limitations. First, this was a single-center
study, and we could not proceed with the validation process. Sec-
ond, our study had a retrospective design; thus, we could not ob-
tain some patient information, such as CRP and lactate levels.
Third, because this study included patients who underwent sur-
gery, there may be limitations in the clinical course of fecal perito-
nitis. Finally, the surgeries were performed by 10 different sur-
geons, which may have led to inconsistent quality. However, there
was no significant difference in the postoperative outcomes based
on the surgeon’s specialty.

In conclusion, advanced age, organ failure, right-sided perforation,
and diffuse peritonitis were found to be prognostic factors for colon
perforation accompanied by fecal peritonitis. Thus, these findings
demonstrate that it is important to determine the type of surgery, ex-
tent of resection, and whether fecal diversion should be performed.
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