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Background

The incidence and prevalence of Crohn’s disease (CD) appear 
to have steadily increased over the last 5 decades.1 Despite the 
improvement in available medical treatment, surgery may be 
needed in up to 80% of patients with CD during their lifetime.2 
Intestinal resection is indicated for patients with complications 
such as obstruction, abdominal abscesses, and fistulization and 
for patients who are refractory to medical therapy. Surgery has 
proven effective in improving these patients’ quality of life.3

Postoperative complications are not infrequent in CD sur-
gery because of increased fragility of inflamed bowel, inflam-
matory masses, adhesions, malnourishment, infection, and 
immunosuppression.4 It has been recognized that the occur-
rence of postoperative intra-abdominal septic complications is 
associated with an increased risk of recurrence in patients with 
CD.5 Being able to estimate the risk of surgical complication is 
a key point for patients with CD.

Preoperative nutrition and immunologic statuses have been 
demonstrated to be associated not only with postoperative com-
plications but also with the long-term outcomes of patients with 
CD.6 The Prognostic Nutritional Index (PNI)— which can be 
calculated by serum albumin (ALB) concentration and total 
lymphocyte count (TLC) in peripheral blood—has shown to be 
a prognostic marker for various malignancies.7-9 With regard to 
CD, however, the prognostic significance of the PNI has rarely 

been mentioned, and the clinical significance and prognostic 
value of this marker remain uncertain. Therefore, the aim of the 
present study was to determine whether the PNI could be a use-
ful predictor of short-term outcomes in patients undergoing 
bowel resection for CD.

Methods

Prospectively collected databases were used to identify a 
cohort of consecutive patients with CD who underwent 
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elective abdominal surgery at the Department of Surgery, Sir 
Run Run Shaw Hospital, from January 2012 to December 
2014. All patients underwent surgery with the same surgical 
team. During this period, open or laparoscopic bowel surgery 
was offered to all patients presenting for operation. Patients 
with intestinal resection and anastomoses, with or without a 
covering stoma, were included. Perianal surgery, surgery of 
stoma closure, and strictureplasty alone were excluded. The 
protocol for the current study was approved by the institu-
tional review board.

We performed a retrospective review of these patients’ 
records to retrieve specific data, such as demographics (age, 
sex, body mass index [BMI], etc), preoperative variables 
(C-reactive protein [CRP], Crohn’s Disease Activity Index 
[CDAI], etc) and medications, previous surgical procedures, 
indications for surgery, intraoperative surgical data (procedure, 
type of anastomosis, temporary stoma, etc), histopathologic 
analysis of the resected specimen, postoperative complications, 
and length of postoperative hospital stay. For medications, 
immunomodulator use was defined as thiopurine or methotrex-
ate use within 2 weeks before surgery; anti–tumor necrosis fac-
tor α (anti-TNFα) therapy was defined as infliximab use within 
4 weeks before surgery; steroid use was defined as prednisolone 
(>20 mg/d) within 2 weeks before surgery. Penetrating CD was 
defined via radiographic, intraoperative, or pathologic findings 
of perforation, fistula, abscess, or phlegmon.10

Preoperative nutrition risk assessment was routinely performed 
within the first 24 hours of admission through use of the Nutritional 
Risk Screening 2002.11,12 Patients with a total score ≥3 were con-
sidered to be at nutrition risk and received enteral nutrition or par-
enteral nutrition for 2–4 weeks. One day before the operation, 
peripheral blood samples were collected to measure ALB and TLC 
for PNI calculation. The PNI was calculated according to the fol-
lowing formula: 10 × ALB (g/dL) + 0.005 × TLC (per mL). The 
cutoff value for the PNI was determined to be 40, based on the 
original investigation by Onodera et al.13

The indication for surgery was discussed by a multidisci-
plinary team. The strategy of preoperative optimization was 
used in our center. Besides nutrition therapy, attempts were 
made to withdraw steroids and biologics. All intra-abdominal 
abscesses accessible to percutaneous drainage were drained. 
For laparoscopic surgery, the dissection was continued until the 
diseased bowel and mesentery were free enough to reach the 
abdominal wall. Bowels were then exteriorized by extending 
the supraumbilical port site for ≤5 cm with extracorporeal anas-
tomosis, either stapled or hand sewn. The open technique was 
performed as routine through a midline incision. The decision 
to form a stoma was made by the operating surgeon, with the 
reasons usually being concurrent distal disease (colonic/peri-
anal) or severe disease with abscess formation. Abdominal 
drains were used only in cases of perforation and abscess. 
Nasogastric tubes were not used postoperatively, and oral feed-
ing was allowed after the return of bowel function.4 Postoperative 
complications and postoperative mortality were defined as 
occurring within 30 days after operation according to 

Clavien-Dindo classification.14 Complications were divided 
into 2 groups, infectious and noninfectious, according to the 
clinical criteria.12,14,15 The decision to discharge patients was 
based on the following criteria: afebrile for >24 hours, passage 
of stools or flatus, tolerance of an oral soft diet, and adequate 
pain control with oral medication.4

Statistical Analysis

SPSS 17.0 (IBM, Chicago, IL) was used for all statistical analy-
ses. Continuous variables were expressed as mean ± SD and/or 
medians (range). Comparisons between groups were deter-
mined through Pearson’s chi-square test for discrete variables 
and Student’s t test for continuous variables. Factors previously 
shown to influence the risk of complications, as well as factors 
found to be predictive on univariate analysis, were entered into 
a multivariate logistic regression analysis to compute odds 
ratios.12 Confidence intervals were set at 95%. Results were 
considered statistically significant if P < .05.

Results

A total of 73 patients with CD were included in our study. 
Demographics and clinical characteristics are shown in Table 1. 
The mean age at diagnosis was 36.14 years. Over half the cohorts 
were men, and almost 20% were current smokers at the time of 
surgery. The majority of patients (63.0%) had ileocolonic 
involvement; others had isolated ileal or colonic disease. Nearly 
half of the patients were receiving an immunomodulator or inf-
liximab at the time of surgery. We always avoided steroid use 
perioperatively. The indications for surgery were stenosis of 
inflamed bowel segment or a previous anastomosis (n = 43) and 
penetrating disease (n = 30). Fifty-nine patients received pri-
mary anastomosis, while 14 had a stoma formation. The median 
value of PNI was 41.1 (range: 24.2–53.4).

A PNI <40 was recorded in 30 patients (41.1%). For param-
eters such as age, sex, CRP, CDAI, disease location, biological 
behavior, previous surgery, and medication, there were no dif-
ferences between the patients with PNI <40 and ≥40 (Table 2). 
However, PNI <40 was associated with a lower BMI (P = .018), 
more postoperative overall complications (P = .018), and infec-
tious complications (P = .005). The median postoperative hos-
pital stay was 9 days (range: 4–90). Although PNI <40 was 
associated with longer postoperative hospital stay, it did not 
reach a significant difference (P = .138).

No patient died during the study. Postoperative complica-
tions occurred in 25 patients (34.2%). Of these, 21 had infec-
tious complications, and 4 had other complications. Infectious 
complications included wound infection in 12 patients, intra-
abdominal abscess in 5 (3 were related to anastomotic leakage), 
and extra-abdominal infection in 5. Postoperative overall com-
plications occurred in 15 (50.0%) of 30 patients with PNI <40, 
compared with 10 (23.3%) of 43 patients with PNI ≥40. For 
infectious complications, 14 (46.7%) occurred in patients with 
PNI <40, whereas 7 (16.3%) occurred in patients with PNI ≥40.
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The univariate and multivariate analyses of factors associated 
with overall complications and infectious complications are pre-
sented in Table 3. Of the factors examined in the univariate analy-
sis, BMI <18.5 was associated with an increased rate of overall 
complications (P = .009), as were penetrating behavior (P = .018), 
open surgery (P = .033), and PNI <40 (P = .018). However, on the 
multivariate logistic regression analysis, these were not significant 
risk factors for overall complications. BMI <18.5 (P = .024), pen-
etrating behavior (P = .005), open surgery (P = .024), and PNI <40 
(P = .005) were also significantly associated with an increased 
risk of postoperative infectious complications on the univariate 
analysis. But only PNI <40 was an independent risk factor for 
infectious complications on the multivariate analysis (P = .029), 
with an odds ratio of 3.846 (95% confidence interval: 1.145–
12.821). Other possible factors—age, CRP ≥5 mg/dL, ALB <30 
g/L, CDAI ≥150, primary anastomosis, use of immunomodula-
tors, prior surgery, and operative time ≥3 hours—were not signifi-
cant factors for either overall or infectious complications.

Discussion

In the present study, PNI is shown to be an independent predic-
tor of postoperative infectious complications in patients with 
CD-related bowel resection. Although this is a retrospective 
single-center study, it is the first to compare PNI with other 
clinicopathologic variables in terms of postoperative short-term 
outcomes of patients with CD. Although BMI <18.5, penetrat-
ing behavior, and open surgery were associated with overall and 
infectious complications by the univariate analysis, the 

multivariate analysis revealed that only PNI had a prognostic 
value for infectious complications.

Patients with CD often show mild to severe malnutrition due 
to reduced oral intake, malabsorption, increased systemic 
inflammation, and nutrition requirement.16 Malnutrition has 
been shown to be an independent risk factor for CD surgery in 
some studies.6 However, the conclusion is still controversial.17 
The reason may be that malnutrition is difficult to define and 
lack ideal objective parameters. The PNI was initially designed 
to assess the nutrition status of patients undergoing surgery for 
gastrointestinal malignancy.9,13 Although the prognostic signifi-
cance of the PNI has been reported in several types of cancer,3-5 
its usage in predicting postoperative outcomes for patients with 
CD has not been fully examined. In our study, we showed a sta-
tistically significant difference in overall and infectious compli-
cations between patients with PNI <40 and ≥40, in favor of PNI 
≥40. Although we noticed a longer postoperative hospital stay in 
patients with PNI <40, it failed to reach a significant difference, 
which may be explained by the relative small sample size of the 
study and the heterogeneity of hospital stay data.

The basis of the independent correlation between the PNI 
and postoperative outcomes in patients undergoing surgery for 
CD is not very clear. Previous studies have suggested that ALB 
and TLC had a close relationship with the presence of inflam-
matory response in cancer patients.18 Therefore, although ini-
tially considered purely a reflection of a patient’s nutrition 
status, it is likely that the PNI is a reflection of systemic inflam-
mation and a more aggressive disease phenotype of CD. 
Enhancement of the systemic inflammatory response may be 
involved in the mechanisms behind postoperative complica-
tions.19 A larger randomized prospective study to evaluate 
whether improvement of preoperative PNI minimizes postop-
erative morbidity remains to be carried out.

Less than half (41.1%) of our patients were classified as hav-
ing penetrating disease. This is in accord with the rate of 43.9% 
reported in a recent meta-analysis that included >3000 patients 
with ileocolic resection for CD.20 We also noted that penetrating 
behavior was associated with postoperative complications by 
univariate analysis. Consistent with our reports, studies have 
found that penetrating disease is a significant determinant of 
postoperative intra-abdominal infections,21,22 possibly because 
penetrating disease usually refers to patients who present with 
intra-abdominal abscesses, fistulas, phlegmon, or even free per-
forations with peritonitis.

Overall, 49.3% of our patients had surgery performed lapa-
roscopically. Univariate analysis also found that laparoscopic 
surgery offered the short-term advantage of a significant reduc-
tion in postoperative complications. Similarly, Frolkis et  al 
found that open laparotomy is a predictor for in-hospital post-
operative complications for CD.23 In selected subgroups of 
patients with CD, laparoscopic surgery is associated with 
reduced postoperative pain, a lower incidence of ileus, cardio-
respiratory complications, wound infections, and a shorter hos-
pital stay when compared with the open approach.24,25 A recent 

Table 1.  Characteristics of the Study Population.

Characteristics Mean ± SD or n (%)

Age, y 36.14 ± 11.9
Sex  
  Female 27 (37.0)
  Male 46 (63.0)
Disease duration, y 5.28 ± 4.7
Smoker 14 (19.2)
Disease location  
  Ileal 19 (26.0)
  Colonic 8 (11.0)
  Ileocolonic 46 (63.0)
Medications before surgery  
  Antibiotic 3 (4.1)
  Mesalazine 14 (19.2)
  Immunomodulator 31 (42.5)
  Infliximab 5 (6.8)
Previous IBD-related surgery 40 (54.8)
Penetrating behavior 30 (41.1)
Stoma formation 14 (19.2)
Laparoscopically assisted surgery 36 (49.3)
PNI, median (range) 41.1 (24.2–53.4)

IBD, inflammatory bowel disease; PNI, Prognostic Nutritional Index.
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meta-analysis of this published literature demonstrates reduced 
perioperative complications in patients undergoing laparo-
scopic resection versus open resection.26 Although many of the 
studies had similar baseline characteristics in both groups, 
selection bias did exist. Choosing healthier patients with fewer 
comorbidities likely occurred more frequently in the laparo-
scopic group. However, studies have reported that laparoscopic 
surgery for complex CD with associated phlegmon or abscess 
is feasible and safe with similar major complications and hos-
pital stay.27

Although a previous study indicated that intra-abdominal 
infectious complications are significantly associated with pre-
operative low ALB level (<30 g/L),28 we cannot get similar 
results in our study—perhaps because we had only 10 patients 
with ALB <30 g/L after preoperative nutrition therapy. 

Preoperative steroid usage significantly increases the risk of 
septic abdominal complications following ileocolic resection 
for CD.17,29 In our cohort of patients, steroids were usually with-
drawn before surgery. We found no increase of complications 
after preoperative immunomodulator use. Reports in the litera-
ture give conflicting results regarding the impact of anti-TNFα 
therapy on surgical safety.30,31 However, a recent meta-analysis 
has shown that anti-TNFα agents may increase the risk of infec-
tions and septic shock. A preoperative drug-free interval, when 
feasible, might be considered to reduce the risk of infections.32

There are several limitations of the current study. First, the 
number of patients is small, and a single-institution retrospec-
tive observational study is not sufficient to get the absolute con-
clusion. In addition, the low rate of preoperative biologic 
treatments in our study hinders the statistical analysis of 

Table 2.  Relationship Between Clinical Laboratory Characteristics and PNI.

Variable

Patients, Mean ± SD or n

P ValuePNI <40 (n = 30) PNI ≥ 40 (n = 43)

Age, y 38.9 ± 11.7 34.2 ± 11.9 .095
Sex .656
  Male 18 28  
  Female 12 15  
BMI, kg/m2 17.9 ± 2.4 19.2 ± 2.2 .018
CRP, mg/dL 19.2 ± 24.3 29.3 ± 49.3 .303
CDAI 254.6 ± 81.8 222.7 ± 69.8 .078
Location .221
  L1 (ileal) 11   8  
  L2 (colonic)   3   5  
  L3 (ileocolonic) 16 30  
Behavior .419
  Penetrating 14 16  
  Nonpenetrating 16 27  
Previous IBD-related surgery .492
  Yes 15 18  
  No 15 25  
Preoperative medication .931
  No   7 13  
  Antibiotic   1   2  
  Mesalazine   7   7  
  Immunomodulator 13 18  
  Infliximab   2   3  
Postoperative overall 

complications
.018

  Yes 15 10  
  No 15 33  
Postoperative infectious 

complications
.005

  Yes 14   7  
  No 16 36  
Postoperative hospital stay, d 15.03 ± 15.33 10.88 ± 8.10 .138

BMI, body mass index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; IBD, inflammatory bowel disease; PNI, Prognostic Nutritional 
Index.
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relation between biologics and postoperative outcomes. Third, 
the PNI values were recorded 1 day before surgery, while 
Nutritional Risk Screening 2002 was assessed on admission. 
We cannot evaluate the correlation between these tools or the 
improvement of PNI after preoperative nutrition therapy.

Conclusion

The results of the present study suggest that preoperative PNI—a 
simple and useful indicator of immunonutritional status—is an 
independent predictor of postoperative infectious complications 
in patients who undergo elective bowel resection for CD. The 
PNI might be included in the routine assessment of patients with 
CD before surgery. For patients with low PNI values, preopera-
tive strategies such as prolonged nutrition intervention and opti-
mized sepsis control should be applied to improve their index 
values and reduce the possibility of postoperative complications.
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