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Introduction: The incidence of postoperative severe complications is reported to be high in

patients undergoing emergency surgery for severe ulcerative colitis (UC). It has also been

reported that the preoperative inflammatory status is associated with the frequency of

postoperative complications. The neutrophil-to-lymphocyte ratio (NLR) is a simple and

useful parameter for determining the inflammatory status.

Methods: In the present study, we retrospectively investigated the correlation between the

NLR and the incidence of severe postoperative complications in patients undergoing

emergency surgery for severe UC. A total of 105 UC patients who underwent emergency or

semi-emergency surgery were enrolled. Various clinical factors and NLR values were

evaluated to identify the risk factors for severe complications. Postoperative complications

were stratified by their severity according to the Clavien-Dindo Classification (CD). A

postoperative complication of CD IIIb or higher was defined as severe postoperative

complications. The incidence of severe complications was 16.2%.

Results: A multivariate analysis revealed the ASA score, toxic megacolon, and NLR to be

independent risk factors for severe postoperative complications.
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Conclusions: The results of this retrospective study suggest that the NLR is an independent

risk factor for severe postoperative complications in patients undergoing emergency

surgery for UC.
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Ulcerative colitis (UC) is a chronic inflammatory
disease of the colon. Recent developments in

medical therapies, including treatment with anti–
tumor necrosis factor (TNF)a antibodies, immuno-
modulators, and steroids, have markedly improved
the clinical outcomes of patients with UC.1–7 Al-
though most patients are managed successfully with
the above treatments, some patients develop a
severe acute attack, which can be life-threatening.8

Surgical treatment is indicated for UC patients who
do not respond to medical therapy or who develop
toxic megacolon or perforation of the colon. Total
colectomy with ileostomy is usually performed for
UC patients with such an acute life-threatening
status. The postoperative morbidity and mortality
rates associated with emergency surgery in such
patients are reported to be 2% to 3% and 30% to
60%, respectively, which are significantly higher
than those in the patients who are treated with
elective surgery.9–13 Thus, to avoid delayed surgery,
an accurate evaluation of disease severity is impor-
tant because it allows for the early identification of
patients in whom intensive medical treatment is
likely to fail and those who will need rescue surgery.

Disease severity is usually assessed based on
serum inflammation marker levels. C-reactive pro-
tein (CRP), erythrocyte sedimentation, (ESR), white
blood cell (WBC) count, and serum level of albumin
are commonly used14,15 but have only moderate
accuracy in reflecting the UC disease severity. Thus,
the adjunctive use of additional serum markers that
will be more sensitive and specific for determining
the disease activity and for predicting the patients
who require emergency surgery at the proper period
is strongly needed in daily clinical practice.

The serum neutrophil-to-lymphocyte ratio (NLR)
is a simple marker of subclinical inflammation that
can easily be obtained from the differential WBC
count.16 The NLR has been reported to be useful for
predicting the outcomes in patients with solid
malignancies, inflammatory disease, and coronary
artery disease.17–24 Recently, several studies have
reported that the NLR is an indicator of the overall
inflammatory status and is a useful predictor of
disease severity in UC patients.25–27 Moreover, it has

been shown that the NLR is superior to WBC in
predicting adverse outcomes in a variety of inflam-
matory and surgical conditions.28,29

In the present study, we retrospectively investi-
gated the correlations between various clinical
variables, the preoperative NLR, and the incidence
of severe postoperative complications in UC pa-
tients who had undergone emergency surgery and
the factors that may predict the incidence of severe
postoperative complications.

Methods

Patients

We retrospectively collected and reviewed the
patient characteristics and perioperative data after
obtaining approval from our institutional review
board. A total of 105 patients who underwent
emergency surgery or semi-emergency surgery for
severe UC at the Department of Surgical Oncology,
Osaka City University Hospital between January
1995 and December 2015 were included in this
study. All the patients underwent total colectomy
with ileostomy. All blood samples were obtained
within 3 days before surgery.

Mortality was defined as death within 30 days of
surgery or death that was directly related to the
surgical procedure. Morbidity was defined as
unexpected medical events within 30 days of the
operation. The severity of complications was deter-
mined using the Clavien-Dindo Classification (CD)
of Surgical Complications system.30 In the case of
patients who experienced more than 1 postoperative
complication, the classification of the most severe
complication was assigned. We defined complica-
tions of CD IIIb or higher as severe postoperative
complication.

Variables

The following 23 parameters were evaluated as
potential risk factors for postoperative complica-
tions: age at the time of surgery (�70 or ,70 years);
sex; body mass index (BMI: �25 or ,25 kg/m2);
timing of surgery; presence of massive hemorrhage,
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toxic megacolon, and bowel perforation; ASA score;

presence of comorbidities (ischemic heart disease,

chronic renal failure, chronic obstructive pulmonary

disease, and diabetes mellitus); operative time (�200

or ,200 minutes); amount of blood loss (�180 or

,180 mL); use of perioperative transfusions; preop-

erative serum CRP level (�3.0 or ,3.0 g/mL);

preoperative hemoglobin level (�10 or ,10 g/dL),

preoperative serum albumin level (�2.5 or ,2.5 g/

mL); preoperative NLR (�7 or ,7); and preoperative

administration of steroids, TNFa antibodies, and/or

immunomodulators within 1 month before surgery.

The cutoff levels for patient age, operative time,
amount of intraoperative blood loss, preoperative
serum CRP, serum albumin levels, and serum total
lymphocyte count were determined as mean values.
The mean BMI value in the present series was
extremely low (20.2 kg/m2). In general, a BMI of
�25 kg/m2 is considered to reflect obesity in
Japanese patients31; thus, the cutoff value for BMI
was set at 25 kg/m2. The cutoff value for NLR was
determined to be 7 based on the receiver operating
characteristic curve.

Statistical analysis

All statistical analyses were performed using the
JMP 10 software program (SAS Institute Japan,
Tokyo, Japan). The univariate analyses were per-
formed using the v2 test or Fisher’s exact test. All
variables with P , 0.05 in the univariate analyses
were included in a multivariate logistic regression
analysis. P , 0.05 was considered to indicate
statistical significance.

Results

Patient characteristics

The clinical characteristics of the 105 patients are
summarized in Table 1. The mean age at surgery
was 49 years (range, 16–86 years). Fifty-four of these
patients (51.4%) underwent emergency surgery,
whereas the other 48.6% patients underwent semi-
emergency surgery. The most common indication
was a treatment-refractory status followed by toxic
megacolon and massive hemorrhage. Anti-TNFa
antibodies were administered to 8 of the 105 (7.6%)
patients. Immunomodulators were administered to
25 of the 105 patients (23.8%).

The postoperative complications are summarized
in Table 2. In total, 17 (16.2%) UC patients had a
severe postoperative complication CD �IIIb. Two
patients died within 30 days after surgery. There

Table 1 Clinical and disease characteristics in 105 patients who

underwent emergency surgery for severe UC

Median age (yr; range) 49 (16–86)
Sex

Male versus female 54 versus 51
BMI (kg/m2)

,25 versus �25 94 versus 11
Timing of surgery

Semi-emergency versus emergency 51 versus 54
Surgical indication

Massive hemorrhage versus toxic
megacolon versus perforation versus
refractory to medical treatment

20 versus 23 versus
10 versus 52

ASA score
,3 versus �3 76 versus 29

Ischemic heart disease
Absent versus present 94 versus 11

Chronic renal failure
Absent versus present 102 versus 3

Chronic obstructive pulmonary disease
Absent versus present 102 versus 3

Diabetes mellitus
Absent versus present 91 versus 14

Operation time (min)
,210 versus �210 48 versus 57

Intraoperative blood loss
,180 versus �180 54 versus 51

Transfusion
Absent versus present 68 versus 37

Preoperative serum CRP level (mg/dL)
,3 versus �3 57 versus 48

Preoperative serum albumin level (g/dL)
,2.5 versus �2.5 39 versus 66

Preoperative WBC (/mL)
,10,000 versus �10,000 58 versus 47

Preoperative hemoglobin
,10 versus �10 51 versus 54

Preoperative NLR
,7 versus �7 55 versus 50

Anti-TNFa antibody administration
Absent versus present 97 versus 8

Prednisolone administration
None versus ,20 mg versus �20 mg 16 versus 10 versus

79
Immunomodulators administration

Absent versus present 80 versus 25

Table 2 Incidence of postoperative complications stratified according to

the Clavien-Dindo classification

Postoperative complication
(Clavien-Dindo classification)

Number of
patients Percentage

None 50 52.4
I 3 2.9
II 4 3.8
IIIa 31 29.5
IIIb 9 8.6
IV 6 5.7
V 2 1.9
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were 6 cases of sepsis, 4 cases of peritonitis and/or
intra-abdominal abscess, 4 cases of pneumonia, and
3 cases of organ failure (Table 3).

The results of the univariate analyses of the risk
factors potentially associated with severe postoper-
ative complications are shown in Table 4. Seven
factors (timing of surgery, presence of toxic mega-
colon, presence of bowel perforation, ASA score of
�3, preoperative serum WBC count of �10,000/
mm3, preoperative hemoglobin �10 g/dL, and NLR
of �) were found to be significantly correlated with
severe surgical complications.

Meanwhile, multivariate analyses revealed the
ASA score, toxic megacolon, and NLR to be
independent risk factors for severe postoperative
complications. The preoperative administration of
anti-TNFa antibodies or immunomodulators was
not found to be a significant factor for severe
complications. We classified the patients using the
3 above-noted independent risk factors and catego-
rized them into 2 groups: patients with 2 to 3 risk
factors were classified into the high-risk group (n ¼
41) and patients with 0 to 1 risk factors were
classified into the low-risk group (n ¼ 64). As a
result, the frequency of severe postoperative com-
plications was 34.1% (14 of 41) in the high-risk
group, which was significantly (P ¼ 0.0001) higher
than that in the low-risk group (Table 5).

Discussion

Although the development of biological agents has
led to new therapeutic options in recent years,
surgery continues to play an important role in the
therapeutic alternative approach in severe UC.1 It is
important to determine the disease activity early
because this will significantly reduce delays in
surgery, mortality, and morbidity in patients with
serious UC. As for the index to evaluate disease
severity, the Truelove and Witts’ classification,
which is based on various clinical parameters and
laboratory findings (number of bowel movements;
sedimentation rate; and the presence of tachycardia,

anemia, and fever) is one of the most widely used
indices in clinical practice.32 However, the complex-
ity in the classification of some patients into the
appropriate disease category and the changes in
disease activity over time are major disadvantages
of this index. Although the examination of endo-
scopically obtained biopsy specimens seems to be
the most reliable method for estimating disease
severity, such methods are invasive and costly.33,34

Thus, there is a need for simple noninvasive
methods and reliable markers that can be used to
predict the patients who require emergency surgery
for severe UC.

Noninvasive inflammation markers, such as CRP,
WBC, and ESR, are widely acknowledged as
important in the precise monitoring of disease
activity.14,15 Nevertheless, no optimal markers have
been developed. Thus, the adjunctive use of
additional serum markers may be of significant
advantage in accuracy detecting the disease severity
and predicting the patients who require surgery at
an earlier time.

The NLR is one such inflammation marker. It is
also a simple index that is calculated using only 2
parameters: total neutrophil and lymphocyte
counts.16 Because both factors are usually exam-
ined in daily clinical practice, the NLR is thought
to be useful and convenient for detecting the
inflammation status. We can obtain information
about 2 different immune pathways from the NLR:
neutrophils are responsible for lasting inflamma-
tion, whereas lymphocytes demonstrate the regu-
latory pathway.16 Recently, Torun et al25 and
Acarturk et al27 reported that the NLR is signifi-
cantly higher in patients with active UC than that
in UC patients who are in remission and that it is
more sensitive than other markers of inflammation
(WBC, CRP, ESR, and fibrinogen) in the detection
of disease severity. Moreover, it has been shown
that NLR is superior to WBC in the prediction of
adverse outcomes in a variety of inflammatory and
surgical conditions, such as pancreatitis, appendi-
citis, major vascular surgery, and critical care
illness.21–24

Although the identification of risk factors for
severe postoperative complications in patients with
UC remains controversial, older age,35,36 the pres-
ence of toxic megacolon, leukocytosis, anemia,37,38

and the preoperative administration of steroids,
thiopurine, immunomodulators, or anti-TNFa anti-
bodies39–41 have previously been reported as poten-
tial risk factors.

Table 3 Incidence of severe postoperative complications

Postoperative complication Number of patients

Sepsis 6
Peritonitis, intra-abdominal abscess
Pneumonia 4
Single or multiple organ failure 3
Death 2
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Table 4 Correlation between the various clinical factors and the incidence of severe postoperative complications

Total no. of
patients

(n ¼ 105)

No. of patients
with CD IIIb or more

severe postoperative complication
(n ¼ 17)

Univariate analysis
P value

Multivariate analysis

OR 95% CI P value

Age (yr)
�70 24 5 0.69
,70 81 12

Sex
Male 54 11 0.35
Female 51 6

BMI (kg/m2)
�25 11 3 0.38
,25 94 14

Timing of surgery
Emergency 54 14 0.005 1.66 0.19–18.4 0.65
Semi-emergency 51 3

Massive hemorrhage
Present 20 2 0.51
Absent 85 15

Toxic megacolon
Present 23 12 ,0.0001 7.64 1.70–34.4 0.008
Absent 82 5

Perforation
Present 10 5 0.009 3.17 0.40–66.5 0.21
Absent 95 12

ASA score
�3 29 11 0.0005 7.05 1.45–34.3 0.016
,3 76 6

Ischemic heart disease
Present 11 4 0.06
Absent 94 13

Chronic renal failure
Present 3 3 NA
Absent 102 14

Chronic obstructive pulmonary disease
Present 3 2 NA
Absent 102 15

Diabetes mellitus
Present 14 2 0.82
Absent 91 15

Operation time (min)
�200 57 9 0.9
,200 48 8

Intraoperative blood loss
�180 52 13 0.03
,180 53 4

Transfusion
Present 37 10 0.31
Absent 68 7

Preoperative serum WBC (/mm3)
�10,000 47 13 0.009 4.02 0.82–88.7 0.07
,10,000 58 4

Preoperative hemoglobin (g/dL)
�10 54 4 0.02 5.05 0.61–109.4 0.14
,10 51 13

Preoperative serum CRP level (mg/dL)
�3 48 9 0.57
,3 57 8

Preoperative serum albumin level (g/dL)
�2.5 66 8 0.49
,2.5 39 9
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It is well known that the prognosis of elderly UC
patients undergoing emergency surgery is poor.
However, the age of patients was not significantly
associated with the frequency of postoperative
complications in our study. When elderly UC
patients are admitted to our hospital, physicians
and surgeons collaborate at the time of admission to
decide the necessity of emergency surgery within 7
days after admission. These early decisions about
emergency surgery may reduce the incidence of
severe postoperative complications.

Leukocytosis and anemia were also found to be
significant risk factors for severe postoperative
complications in the univariate analyses in the
present study: however, these factors were not
identified as independent factors in the multivariate
analyses.

With regard to the correlation between the
incidence of severe postoperative complications
and the preoperative medical therapies, including
steroids, anti-TNFa agents, and immunomodula-
tors, it has been reported that the incidence of
postoperative complications tends to be higher
among patients who receive these drugs in preop-
eratively period.39–41 However, several recent stud-
ies have reported that the use of these agents is not
associated with higher rates of postoperative com-
plications in patients with UC.42,43 In the present
study, only 8 patients received anti-TNFa antibodies
in the preoperative period; thus, these factors were
excluded from the statistical analysis. Although the
association between the occurrence of postoperative
complications and the preoperative administration
of steroids and immunosuppressive agents remains

controversial, the present study did not find that the
use of either steroids or immunomodulators was a
risk factor for severe postoperative complications.

In the present study, NLR of �7 was found to be
an independent predictor of severe postoperative
complications along with the presence of toxic
megacolon and ASA score of �3. The delay in
surgery is strongly corrected with mortality and
morbidity in the patients with such high-risk
factors. Therefore, emergency surgery should be
performed promptly and carefully, and intensive
postoperative care is needed in patients with high
NLR.

This study is limited by its retrospective design
and small numbers. Therefore, it is unclear whether
the results can be extrapolated to the entire
population of patients with severe acute UC.
Furthermore, many of the patients were referred to
our center after having been hospitalized elsewhere,
with no records of IAP measurements.

Table 4 Continued

Total no. of
patients

(n ¼ 105)

No. of patients
with CD IIIb or more

severe postoperative complication
(n ¼ 17)

Univariate analysis
P value

Multivariate analysis

OR 95% CI P value

NLR
�7 50 15 0.0004 5.74 1.10–54.9 0.037
,7 55 2

Prednisolone administration
�20 mg 79 11 0.76
.20 mg 10 2
None 16 4

Anti-TNFa antibody administration
Present 8 0 NA
Absent 97 17

Immunomodulator administration
Present 25 1 NA
Absent 80 16

CI, confidence interval; OR, odds ratio.

Table 5 Correlation between the incidence of severe postoperative

complications subdivided by the number of risk factors

Number of
risk factors

Number of
all patients

No. of patients
with CD IIIb or more
severe postoperative

complication P value

2 or 3 41 14
0.0001

0 or 1 64 3
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Conclusions

In this retrospective study, the presence of toxic
megacolon, ASA score of �3, and NLR of �7 were
found to be significantly associated with the
incidence of severe postoperative complications in
patients who underwent emergency surgery for UC.
This was a single-arm retrospective study; thus,
further large prospective studies are required to
confirm the present findings.
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