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Abstract

important.

performed carefully.

Introduction: Even after surgery and intensive postoperative management, the mortality rate associated with
colorectal perforation is high. Identification of mortality markers using routinely available preoperative parameters is

Methods: We enrolled consecutive patients with colorectal perforation who underwent operations from January
2010 to January 2015. We divided them into a mortality and survivor group and compared clinical characteristics
between the two groups. Additionally, we compared the mortality rate between different etiologies: malignant
versus benign and diverticular versus nondiverticular. We used the x* and Mann-Whitney U tests and a logistic
regression model to identify factors associated with mortality.

Results: We enrolled 108 patients, and 52 (48 %) were male. The mean age at surgery was 71 + 13 years. The
postoperative mortality rate was 12 % (13 patients). Multivariate logistic regression analysis showed that a high
patient age (odds ratio [OR], 1.09; 95 % confidence interval [Cl], 1.020-1.181) and low preoperative systolic blood
pressure (OR, 0.98; 95 % Cl, 0.953-0.999) were independent risk factors for mortality in patients with colorectal
perforation. In the subgroup analysis, there was no significant difference between the malignant and benign group
(11.8 % vs. 23.9 %, respectively; p=0.970), while the diverticular group had a significantly lower mortality rate than
the nondiverticular group (2.6 % vs. 17.1 %, respectively; p = 0.027).

Conclusions: Older patients and patients with low preoperative blood pressure had a high risk of mortality
associated with colorectal perforation. For such patients, operations and postoperative management should be

Keywords: Colorectal perforation, Mortality marker, Prognostic factor

Introduction

Colorectal perforation causes widespread dissemination
of bacteria throughout the intra-abdominal space and
easily leads to panperitonitis and septic shock. Septic
shock is responsible for disseminated intravascular co-
agulation and organ failure. Therefore, the mortality rate
associated with colorectal perforation is considered to
be high. The Complicated Intra-Abdominal infections
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Worldwide Observational (CIAOW) study, a large multi-
center observational study that included 1898 patients
undergoing surgery or interventional drainage for com-
plicated intra-abdominal infections performed by Sartelli
et al. [1], indicated that colonic nondiverticular perfor-
ation was a source of infection that was significantly cor-
related with patient mortality. Many other studies also
analyzed the mortality of colorectal perforation, and the
reported mortality rate ranged from 6 to 33 % [2-10].
Immediate surgical management of colorectal perforation
is necessary, and preoperative knowledge of the severity
of colorectal perforation and risk factors for mortality is
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also important. Patients with severe peritonitis should
undergo preoperative preparations for high-quality post-
operative intensive care. Additionally, adequate informa-
tion about the likelihood of mortality should be provided
to the patient and his or her family before the operation.

A number of studies have reported several risk factors
for mortality associated with colorectal perforation, such
as age, sex, the serum protein level, and the serum cre-
atinine level [2, 5, 7, 8]. However, most such studies in-
volved small samples or were performed many years
ago. For example, Alvarez et al. [2] enrolled 114 patients
from 1986 to 2005, and Kriwanek et al. [7] enrolled 112
patients from 1979 to 1992. These study periods were
too long and included many old cases. On the other
hand, a recent study by Shimazaki et al. [8] was per-
formed from 1998 to 2011, but they enrolled just 42 pa-
tients. We consider that postoperative intensive care
techniques are progressing year by year, and a study en-
rolling many patients within a short period is necessary
in this field. Our institution has a large emergency care
unit and serves as the core emergency medicine facility
in the region; thus, many patients with colorectal perfor-
ation present at our institution every year. Therefore, we
analyzed mortality markers in consecutive patients with
colorectal perforation who underwent operations in our
institution.

Patients and methods

Data collection

We analyzed consecutive patients with colorectal perfor-
ation who underwent emergent surgery from January
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2010 to January 2015 at a single center. All patients
underwent surgery within 24 h of diagnosis. The primary
outcome was mortality after surgery. The patients were
divided into a mortality group and a survivor group, and
we analyzed the factors associated with mortality. Mor-
tality was defined as death of colorectal perforation
within 2 months after surgery. The patients’ clinical
characteristics were reviewed, including age, sex, body
mass index, comorbidities, preoperative laboratory data,
etiology, and site of perforation.

Additionally, we divided the patients into two groups
according to etiology (malignant versus benign and di-
verticular versus nondiverticular) and compared the
mortality rates between these groups. Furthermore, as a
subgroup analysis, we analyzed risk factors associated
with mortality in the nondiverticular group alone.

The preoperative white blood cell counts were dichoto-
mized into >4000/pL, <4000 to <12,000/pL, and >12,000/
pL, and the preoperative body temperature was dichoto-
mized into <36 °C, 36 °C to <38 °C, and >38 °C, which
reflect the criteria for systemic inflammatory response
syndrome criteria [11]. Other variables were evaluated
as continuous variables.

Diagnosis

Colorectal perforation was diagnosed by two or more
surgeons and radiologists according to the following
criteria: a) the presence of symptoms indicating panperi-
tonitis, such as severe abdominal pain and nausea; b) the
presence of signs of peritoneal irritation such as
muscular defense and rebound tenderness, indicating
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panperitonitis; and c) the presence of free air on pre-
operative computed tomography. Abdominal radiography
findings were not useful in diagnosing colorectal perfor-
ation and were not included in the diagnostic criteria. All
perforations were diagnosed preoperatively and confirmed
intraoperatively.

Statistical analyses

Continuous variables are presented as mean + standard
deviation or median (range), and categorical variables
are expressed as number and percentage. We used the
x> and Mann—Whitney U tests and a logistic regression
model to assess the associations between outcomes and
clinical characteristics. The factors with a significant re-
lationship in the univariate analyses were subsequently
used in the multivariate regression models. The effect of
a factor was presented as the odds ratio (OR) and its
95 % confidence interval (CI). All statistical analyses
were conducted by one physician (T.Y.) using JMP 10
(SAS Institute Inc., Cary, NC, USA). A p value of <0.05
was considered statistically significant.

The protocol for this study was approved by our
hospital’s institutional review board. Informed consent
was waived because of the historical cohort nature of the
study.

Results

Patient selection is shown in Fig. 1. We enrolled 108 pa-
tients, whose clinical characteristics are presented in
Table 1. Their mean age at surgery was 71 + 13 years,
and 52 (48 %) were male. The etiology of the perforation
was a diverticulum (# = 38), cancer (n = 17), fecal impac-
tion (n=17), iatrogenic (n=12), inflammatory disease
(n=5), trauma (n =2), rectal prolapse (n=1), and idio-
pathic (n=16). All perforative fecal impactions were
caused by colorectal obstruction and obstructive colitis
by retention of feces and chronic constipation, which
were confirmed intraoperatively. Iatrogenic perforations
included perforations due to colonoscopy and radio-
graphic contrast enemas, and inflammatory diseases
included cytomegalovirus-induced colitis, ulcerative
colitis, Behget’s disease, and colitis caused by radiation
therapy for rectal cancer.

The postoperative mortality rate was 12 % (13 patients).
The clinical characteristics between the survivor group and
mortality group are compared in Table 2. The patients
were significantly older in the mortality group than in the
survivor group (79+8 vs. 70 + 13 years, respectively;
p =0.009). The mean preoperative systolic blood pres-
sure was significantly lower in the mortality group
than in the survivor group (96 vs. 130 mmHg, respect-
ively; p = 0.004). The mean preoperative serum creatinine
level was significantly higher in the morality group than
in the survivor group (20+1.4 vs. 1.1+1.2 mg/dl,
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Table 1 Clinical characteristics of patients
Variables
Age (years) 71413
Male 52 (48.1)
Body mass index (kg/m?) 215+46
Chemotherapy 8 (74)
Steroid use 25 (23.1)
Diabetes mellitus 7 (6.5)
Body temperature >38.0 °C or <36.0 °C 34 (31.4)
Systolic blood pressure (mmHg) 127 (50-188)
Heart rate (/min) 98 (54-144)
White blood cells >12,000 or <4000 (/uL) 50 (46.2)
C-reactive protein (mg/dl) 11.7+£10.7
Albumin (mg/dl) 28+08
Creatinine (mg/dl) 12+12
Perforation etiology
Diverticulum 38 (35.2)
Cancer 17 (15.7)
Fecal impaction 17 (15.7)
latrogenic 12 (11.1)
Inflammatory disease 5 (4.6)
Trauma 2 (1.9
Rectal prolapse 1(0.9)
Idiopathic 16 (14.8)
Perforation site
Cecum 8 (74)
Ascending colon 4 (3.7)
Transverse colon 7 (6.5)
Descending colon 6 (5.6)
Sigmoid colon 70 (64.8)
Rectum 13 (120
Stoma creation 84 (77.8)
Length of operation (min) 179 +57
Blood loss (g) 219 (0-3112)
Hospital stay (d) 19 (4-185)

Data are presented as mean * standard deviation, median (range), or n (%)

respectively; p=0.004). Logistic regression analysis
using the potential risk factors for mortality deter-
mined by univariate analysis (patient age, preopera-
tive systolic blood pressure, and preoperative serum
creatinine level) showed that patient age (OR, 1.09;
95 % CI, 1.020-1.181) and preoperative systolic blood
pressure (OR, 0.98; 95 % CI, 0.953-0.999) were inde-
pendent risk factors for mortality in patients with
colorectal perforation (Table 3). Figures 2 and 3 compare
these two factors between the survivor group and mortal-

ity group.
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Table 2 Comparison of clinical characteristics between the
survivor and mortality groups

Variables Survivor Mortality p value
n=95 n=13

Age (years) 70413 79+8 0.009"
Male 48 4 0.181
Body mass index (kg/mz) 218+47 195+£33 0.080
Chemotherapy 6 2 0.242
Steroid use 20 5 0.163
Diabetes mellitus 5 2 0.169
Body temperature >38.0 °C 30 4
or <36.0 °C
Systolic blood pressure (mmHg) 130 (60-188) 96 (50-173) 0.004"
Heart rate (/min) 96 (54-144) 110 (75-133)  0.074
White blood cells >12,000 45 5 0.546
or <4000 (/L)
C-reactive protein (mg/dl) 124+110 68+6.8 0171
Albumin (mg/dl) 29+£08 25+£07 0.058
Creatinine (mg/dl) 1.1+£12 20+14 0.004"
Perforation etiology 0.275

Diverticulum 37 1

Cancer 15 2

Fecal impaction 13 4

latrogenic 1" 1

Inflammatory disease 4 1

Trauma 2 0

Rectal prolapse 1 0

Idiopathic 12 4
Perforation site 0.055

Cecum 7 1

Ascending colon 3 1

Transverse colon 7 0

Descending colon 3 3

Sigmoid colon 62 8

Rectum 13
Stoma creation 72 12 0.179
Length of operation (min) 177 +55 187+73 0.581
Blood loss () 200 (0-3112) 347 (0-1000)  0.248

Data are presented as mean * standard deviation, median (range), or n
p<0.05

Table 3 Multivariate logistic regression analysis of risk factors
for mortality of colorectal perforation

Variables Odds ratio 95 % Confidence interval p value
Age 1.09 1.020-1.181 0.008"
Systolic blood pressure  0.98 0.953-0.999 0.039"
Creatinine 143 0.918-2.206 0.107

p<0.05
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Fig. 2 Comparison of age between mortality group and survivor
group. Patients were significantly older in the mortality group than
in the survivor group (79 + 8 vs. 70 + 13 years, respectively; p = 0.008)
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The comparison of the mortality rate between the ma-
lignant and benign groups is shown in Fig. 4. There was
no significant difference in the mortality rate between the
two groups (11.8 % vs. 23.9 %, respectively; p = 0.970). The
comparison of the mortality rate between the diverticular
and nondiverticular groups is shown in Fig. 5. The mortal-
ity rate in the diverticular group was significantly lower
than that in the nondiverticular group (2.6 % vs. 17.1 %,
respectively; p = 0.027).

The results of subgroup analysis in the nondiverticular
group (n ="70) are shown in Tables 4 and 5. In the uni-
variate analysis, older age, lower systolic blood pressure,
higher heart rate, and higher serum creatinine level were
significantly associated with mortality, and the multivari-
ate analysis showed that age alone was a significant mor-
tality marker (OR, 1.09; 95 % CI, 1.013-1.182).

p=0.039

mmHg
180

160

140

120

100

80

60

40

Mortality Survivor

Fig. 3 Comparison of preoperative systolic blood pressure between
mortality group and survivor group. Preoperative systolic blood
pressure was significantly lower in the mortality group than in the

survivor group (96 vs. 130 mmHg, respectively; p = 0.039)
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Fig. 4 Comparison of mortality rate between malignant group
and benign group. There was no significant difference in the
mortality rate between the two groups (11.8 % vs. 23.9 %,
respectively; p=0.970)

Discussion

Despite progress in postoperative management, the
prognosis of colorectal perforation remains quite poor.
Fecal panperitonitis easily causes septic shock, dissemi-
nated intravascular coagulation, and multiple organ fail-
ure. Prediction of mortality using routinely and easily
available preoperative parameters is important to
provide adequate information about the likelihood of
postoperative death to patients and their families and
prepare for intensive postoperative management in case
of the need for rescue.

Our study indicates that higher age and a lower pre-
operative systolic blood pressure are independent risk
factors for mortality in patients with colorectal perfor-
ation. Like our study, Kriwanek et al. [7] and Alvarez
et al. [2] also indicated that higher age was significantly
associated with mortality in patients with colorectal
perforation. Our study also indicates that colorectal

p=0.027
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Fig. 5 Comparison of mortality rate between diverticular group and
nondiverticular group. The mortality rate of the diverticular group
was significantly lower than that of the nondiverticular group (2.6 %
vs. 17.1 %, respectively; p = 0.027)
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Table 4 Comparison of clinical characteristics between the
survivor and mortality groups in the nondiverticular group

Variables Survivor Mortality p value
n=>58 n=12

Age (years) 72412 81+7 0.008"
Male 25 4 0.532
Body mass index (kg/mz) 204+£40 194+34 0428
Chemotherapy 4 2 0.271
Steroid use 10 4 0.228
Diabetes mellitus 4 2 0.271
Body temperature >38.0 °C 14 3 0.950
or <36.0 °C
Systolic blood pressure (mmHg) 131 (60-188) 95 (50-173) 0.004"
Heart rate (/min) 93 (54-144) 110 (75-133)  0.031°
White blood cells >12,000 29 4 0.288
or <4000 (/uL)
C-reactive protein (mg/dl) 108+11.7 63+69 0.624
Albumin (mg/dl) 28+08 25+£0.7 0.142
Creatinine (mg/dl) IRESR 17409 0010
Perforation site 0.113

Cecum 4 1

Ascending colon 2 1

Transverse colon 6 0

Descending colon 3 3

Sigmoid colon 31 7

Rectum 12 0
Stoma creation 47 11 0.374
Length of operation (min) 177 £58 18576 0.749
Blood loss (g) 222 (0-1372) 326 (0-1000) 0492

Data are presented as mean + standard deviation, median (range), or n
‘p<0.05

perforation caused by a nondiverticular etiology is asso-
ciated with higher mortality than diverticular perfor-
ation. Sartelli et al. [1] also indicated in their multicenter
trial that nondiverticular perforation was significantly
associated with mortality among abdominal infectious
diseases. Although these data do not delineate the
pathophysiology of this relationship, one could theorize
that in patients with diverticular perforation, the size of

Table 5 Multivariate logistic regression analysis of risk factors for
mortality of colorectal perforation in the nondiverticular group

Variables Odds ratio 95 % Confidence interval p value
Age 1.09 1.013-1.182 0018’
Systolic blood pressure  0.98 0.949-1.001 0.064
Heart rate 1.01 0.977-1.055 0453
Creatinine 1.18 0.633-2.076 0.559

'p<0.05
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the perforation is generally smaller than that of perfora-
tions of other causes, and this can interrupt the spread-
ing of feces to the peritoneal space, leading to a better
prognosis. In this retrospective study, we were not able
to obtain adequately detailed information about the size
and shape of the perforations and were thus unable to
confirm this hypothesis. Further investigations are ne-
cessary in this respect.

However, the usefulness of a number of risk score
systems has been reported in this field. Sugimoto et al.
[10] and Horiuchi et al. [5] reported that a higher
Acute Physiology and Chronic Health Evaluation II
(APACHE II) score was significantly associated with
mortality in patients with colorectal perforation. The
APACHE 1I scoring system was developed by Knaus
et al. [12] in 1985 and comprises 12 parameters, in-
cluding blood pressure, body temperature, respiratory
rate, and several laboratory data. The severity of each
parameter is classified into nine stages from —4 to +4.
We considered that the calculation of this score was too
complicated for colorectal perforation in the emergency
setting. Bielecki et al. [3] and Kriwanek et al. [7] indicated
the usefulness of the Mannheim peritonitis index (MPI)
for prediction of mortality in patients with colorectal per-
foration. The MPI was developed by Linder et al. [13] in
1987 and has since been used to predict mortality associ-
ated with peritonitis. One parameter of this scoring sys-
tem, namely the preoperative duration of peritonitis, is
sometimes difficult to determine, especially in patients
with impaired consciousness. Whether peritonitis is
diffuse or focal may also be difficult to ascertain. We
considered the fact that both scoring systems were de-
veloped approximately 30 years ago and that recent
progress has been made in intensive postoperative
management regimens, including the use of several
medications such as antibiotics. For this reason, we
did not use these scoring systems. We consider that
the optimal parameters should be able to be easily de-
termined; therefore, in our analysis, we selected pa-
rameters that can be determined easily and routinely
in the emergent setting. Ishizuka et al. [14] indicated
that the Physiologic and Operative Severity Score for
the enUmeration of Mortality (POSSUM) was a sensi-
tive system for predicting mortality associated with
colorectal perforation. This scoring system was pre-
sented in the early 1990s by Copeland et al. [15, 16],
and it is reportedly a useful predictor of postoperative
mortality. It includes all parameters that were consid-
ered to be associated with mortality in the present
study: age, preoperative blood pressure, and preopera-
tive serum creatinine level. However, we were unable
to retrospectively analyze one parameter of this scor-
ing system, namely respiratory history; we were there-
fore unable to determine its usefulness.
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The serum procalcitonin level is reportedly a useful
marker for the diagnosis and severity of peritonitis ac-
cording to several studies [17-20]. Pupelis et al. [19] an-
alyzed 222 patients and found that higher procalcitonin
levels were associated with an increased risk for septic
shock. Additionally, Shimazaki et al. [8] indicated that
the serum lactate level could be a predictive marker for
mortality in patients with colorectal perforation. They
indicated in their retrospective analysis that the postop-
erative serum lactate level was an independent risk fac-
tor for mortality in these patients. These parameters are
not routinely determined in our institution. The useful-
ness of these factors should be analyzed in further
investigations.

There were several limitations in this study. First, the
operative and postoperative management was performed
by different doctors and was thus inconsistent in quality.
Additionally, this study was conducted at a single center,
and the number of patients was small. A large-scale
multicenter study should be performed to confirm our
findings.

Conclusions

Patient age and preoperative blood pressure are useful
for prediction of postoperative mortality in patients with
colorectal perforation. For older patients and patients
with lower blood pressure, adequate information about
this higher mortality rate should be provided to the
patients and their family members, and postoperative
management should be carefully performed.
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