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Abstract
BACKGROUND 
The role of preoperative inflammatory biomarkers (PIBs) in predicting 
postoperative morbidity has been assessed in colorectal and otorhinolaryngeal 
surgery. However, data regarding the role that preoperative inflammatory 
biomarkers have on morbidity after pancreaticoduodenectomiy (PD) are less 
consistent.

AIM 
To assess the utility of PIBs in predicting postoperative complications after 
pancreaticoduodenectomy.

METHODS 
A database of 317 consecutive pancreaticoduodenectomies performed from April 
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2003 to November 2018 has been retrospectively analyzed. Data regarding 
preoperative neutrophil-to-lymphocyte ratio (NLR), derived NLR and C-reactive 
protein (CRP), and postoperative complications of 238 cases have been evaluated. 
Exclusion criteria were: age < 18-years-old, previous neoadjuvant treatment, 
absence of data about PIBs, concomitant hematological disorders, and presence of 
active infections at the moment of the surgery. PIBs were compared using Mann-
Whitney’s test and receiver operating characteristic (ROC) analysis was 
performed to define the cutoffs. The positive predictive value (PPV) was 
computed to evaluate the probability to develop complication. P-values < 0.05 
were considered statistically significant.

RESULTS 
According to the literature findings, only four papers have been published 
reporting the relation between the inflammatory biomarkers and PD 
postoperative morbidity. A combination of preoperative and postoperative 
inflammatory biomarkers in predicting complications after PD and the utility of 
preoperative NLR in the development of postoperative pancreatic fistula (POPF) 
have been reported. The combination of PIBs and postoperative day-1 drains 
amylase has been reported to predict the incidence of POPF. According to our 
results, CRP values were significantly different between patients who had/did 
not have postoperative complications and abdominal collections (P < 0.05). 
Notably, patients with preoperative CRP > 8.81 mg/dL were at higher risk of both 
overall complications and abdominal collections (respectively P = 0.0037, PPV = 
0.95, negative predictive value [NPV] = 0.27 and P = 0.016, PPV = 0.59, NPV = 
0.68). Preoperative derived neutrophil-to-lymphocyte ratio (dNLR) (cut off > 1.47) 
was also a predictor of abdominal collection (P = 0.021, PPV = 0.48, NPV = 0.71). 
Combining CRP and dNLR, PPV increased to 0.67. NLR (cut off > 1.65) was 
significantly associated with postoperative hemorrhage (P = 0.016, PPV = 0.17, 
NPV = 0.98).

CONCLUSION 
PIBs may predict complications after PD. During postoperative care, PIB levels 
could influence decisions regarding the timing of drains removal and the selection 
of patients who might benefit from second level diagnostic exams.

Key Words: Preoperative inflammatory markers; Pancreaticoduodenectomy; 
Complications; Neutrophil-to-lymphocyte ratio; Derived neutrophil-to-lymphocyte ratio
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Core Tip: Inflammatory markers are involved in cancer’s pathogenesis and growth. In 
addition, their role in predicting post-operative complications in colorectal and 
otorhinolaryngeal surgery has been reported. Here, the role of preoperative inflam-
matory biomarkers in predicting postoperative complication after pancreaticoduoden-
ectomy has been investigated.
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INTRODUCTION
Periampullary tumors include cancers from the pancreatic head, distal bile duct, 
ampulla of Vater, and duodenum[1].Pancreaticoduodenectomy (PD) represents the 
gold standard of treatment for these malignancies. Even though its postoperative 
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mortality is drastically decreased in high-volume centers, postoperative morbidity 
remains high, affecting approximately 30%-45% of patients[2,3].

The most common complications of PD are postoperative pancreatic fistula (POPF), 
delayed gastric emptying (DGE), postoperative hemorrhage (PPH), biliary fistula (BF), 
abdominal collections, and infections[4-6]. POPF is considered the "queen" of these 
complications since it is often the leading cause of other complications[7].

While factors, such as the presence of a soft pancreas, the small size of the Wirsung, 
common bile duct stumps, and previous biliary drainage, have been recognized to 
increase the risk of PD morbidity[8,9], less is known about the role that systemic 
inflammatory factors play in the development of complications after PD.

Currently, inflammatory biomarkers [e.g., C-reactive protein (CRP), neutrophil 
count, Glasgow Prognostic Score (GPS), and neutrophil-to-lymphocyte ratio (NLR)], 
are proven to have an independent prognostic role in the prediction of cancer-specific 
and postsurgical survival of different malignancies, including periampullary 
malignancies[10-12].Moreover, their efficacy in predicting postoperative morbidity in 
colorectal, esophageal, and otorhinolaryngeal surgery has been assessed. Specifically, 
NLR > 3 is associated with anastomotic failure in colorectal surgery, while decreased 
levels of albumin and lymphocytes are associated with a higher incidence of complic-
ations after esophageal surgery and NLR < 3.5 and platelet-lymphocyte ratio (PLR) < 
160 are correlated with impaired wound healing in head and neck surgery[13-16].

Data regarding the role that preoperative inflammatory biomarkers (PIBs) have on 
morbidity after PD are less consistent to the best of our knowledge[17].This study 
aimed to carry out a literature review to analyze and report the role that PIBs have on 
developing complications after PD. Personal monocentric experience focused on this 
topic has also been reported.

MATERIALS AND METHODS
Review methods
Literature research was performed, and articles about randomized clinical trials, 
observational cohort studies, systematic reviews, and original articles focusing on the 
role of PIBs on postoperative complications after PD were all considered. Only articles 
written in English with available full text have been analyzed. The last literature 
review was carried out on December 1st, 2020.

Materials and methods for the center experience analysis
A database of consecutive PDs performed at the Department of General Surgery of the 
University Campus Bio-Medico of Rome from April 2003 to November 2018 was 
retrospectively analyzed. The local Ethical Committee approved the study (28/19 OSS 
ComEt CBM). Inclusion criteria were: Adult patients (≥ 18-years-old) affected by 
periampullary tumor who underwent PD. Exclusion criteria were: Age < 18-years-old, 
previous neoadjuvant treatment, absence of data about PIBs, concomitant hemato-
logical disorders, or presence of active infections at the moment of the surgery 
(Figure 1).

Data regarding preoperative NLR, derived neutrophil-to-lymphocyte ratio (dNLR), 
platelet-to-lymphocyte ratio (PLR), C-reactive protein (CRP), and postoperative 
complications have been analyzed. NLR, dNLR and PLR were defined and calculated 
as previously reported: NLR (neutrophil/Lymphocyte), dNLR (neutrophil 
count/(White blood cell count- Neutrophil count)), PLR (Platelet count/Lymphocyte 
count)[18].

CRP was measured by the Dimension Vista® 500 System (Siemens Healthcare 
Diagnostics, Germany).

POPF, DGE, and PPH have been defined according to the internationally recognized 
standard[4-6].

Statistical analysis
Continuous variables (Plasmatic levels of NLR, dNLR, PLR, CRP) have been reported 
as median (95%CI, confidence intervals) according to their distributions, and 
differences have been tested with the Mann-Whitney's test due to data distribution (i.e. 
non-parametric according to the Shapiro-Wilks test for Normality). Categorical 
variables have been reported as numbers and relative frequencies, and differences 
across groups were tested by the chi-squared test. Receiver operating characteristic 
(ROC) analysis was performed among independent variables to define the cutoff point 
for plasma NLR, dNLR, PLR, CRP values to predict postoperative complications. Odds 
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Figure 1 Flow diagram of patients’ selection.

ratios (OR) and their 95%CI were calculated to evaluate the association between 
patients who underwent neoadjuvant treatment and postoperative complications. Chi-
square and Fisher's exact test was used to confirm the statistical significance. All P 
values < 0.05 were considered statistically significant. Data have been analyzed using 
Med-Calc 18.11.3 statistical package (MedCalc Software, Mariakerke, Belgium).

RESULTS
To the best of our knowledge, only four papers investigated the role of PIBs, alone or 
in combination with postoperative inflammatory markers or other clinical parameters, 
on post-PD morbidity. Solaini et al[17] and, more recently, Zhang et al[19] investigated 
the combination of preoperative and postoperative inflammatory biomarkers in 
predicting complications after PD. Kumamoto et al[20] reported the role of 
preoperative NLR in the development of POPF, while Caputo et al[21] highlighted the 
utility of combining PIBs together with postoperative day 1-drains amylase (POD1-da) 
to predict the incidence of POPF.

Specifically, Solaini and colleagues, using a cohort of 378 patients who underwent to 
PD, demonstrated the role of preoperative white blood cell count (cut-off > 8.5 × 103

/mL, AUC 0.591, 95%CI: 10.53-0.64, P = 0.02), postoperative day 2 NLR (cut-off > 12.3, 
AUC 0.605, 95%CI: 0.55-0.66, P = 0.005) and CRP dosed on postoperative day 4 (cut-off 
> 188 mg/L, AUC 0.645, 95%CI: 0.58-0.7, P = 0.004) in predicting postoperative 
complications. The authors reported a higher accuracy and positive predictive value 
(PPV) (76.8% and 71.4%) combining the above-mentioned inflammatory markers. 
Nonetheless, according to this study's findings, increased NLR on postoperative day 2 
and CRP > 272 mg/L on postoperative day 3 were significantly associated with POPF.

Zhang et al[19] analyzed the development of sepsis in 31 out of 138 PDs. The 
Authors studied inflammatory markers (IL-6, IL-2, IL-1, IL-10, tumor necrosis factor 
(TNF), and CRP) preoperatively and in POD1 in those who developed the 
complication and compared marker's levels with the group without sepsis. 
Preoperative IL-6, at the cutoff value of 5.26 pg/mL, resulted in an independent risk 
factor for sepsis, and was the only PIB significantly associated with a 3-fold higher risk 
of developing sepsis after PD (OR = 3.31, 95%CI :1.37-12.89, P = 0.044).

Kumamoto et al[20] reported the association between PIBs and post-PD Clavien-
Dindo grade ≥ III complications. On a series of 84 PDs, 39 (46%) patients developed 
major postoperative complications. Higher neutrophil count (P < 0.05) and NLR (P < 
0.01) were significantly able to predict complications as well as body mass index (BMI) 
(P < 0.01) did. The optimal cutoff values detected were neutrophil count 2.727/µL, 
NLR > 2.0 and BMI > 23.0 kg/m2. Using multivariate logistic regression analysis, 
independent risk factors for major postoperative complications were NLR > 2.0 (OR = 
6.77, 95.0%CI: 2.4421.13; P < 0.001) and BMI > 23.0 kg/m2 (OR = 3.83, 95.0%CI: 
1.3511.83; P = 0.011).
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In Caputo et al[3,18,21], even though POD1-da levels were confirmed to be the main 
factor able to predict the risk of POPF, the combinations of PIBs with POD1-da levels 
allowed to improve POPF's PPV. Specifically, NLR > 3.2, dNLR > 3 and PLR > 137 
increased up to 89% the POD1-da levels PPV for POPF development.

Centre experience results 
Baseline demographic characteristics of the 238 PDs included in the study are reported 
in Table 1. The median age was 68 years (interquartile range [IQR] = 61-75 years). Male 
patients represented 57% of the cases and the median BMI was 24.1 kg/m2 (IQR = 
22.23-27.71 kg/m2). At least one postoperative complication was observed in 78% of 
the cases. The main postoperative complications were: POPF 50.8% (121/238), DGE 
30.6% (73/238), PPH 14.2% (34/238), abdominal collection 39.5% (94/238), and biliary 
fistula 14.2% (34/238). A biochemical leak occurred in 30.6% of POPF, while clinically 
relevant Grade B-C fistula was detected in 20% of these patients. PIBs values are listed 
in Table 2.

According to the Mann-Whitney's test, no relationship between PIBs and POPF 
occurrence was found. On the contrary, significant associations have been found 
between preoperative CRP and overall complications (P = 0.01) and between 
preoperative NLR and PPH (P = 0.03). Moreover, preoperative dNLR and CRP were 
significantly associated with abdominal collection (P = 0.026 and P = 0.017, 
respectively).

By ROC curve analysis, optimal cutoffs for PIBs and post-PD complications have 
been calculated. In detail, preoperative NLR at the cut off of > 1.65 was significantly 
associated with PPH (P = 0.016, PPV = 0.17, negative predictive value [NPV] = 0.98) 
(Figure 2A).

Preoperative CRP levels > 8.81 mg/dL have been found associated with higher rate 
of overall postoperative complications (P = 0.0037, PPV = 0.95, NPV = 0.27) and 
abdominal collections (P = 0.016, PPV = 0.59, NPV = 0.68) (Figure 3, Table 3). 
Preoperative levels of dNLR at the cut off of > 1.47 resulted significantly associated 
with abdominal collections (P = 0.021, PPV = 0.48, NPV = 0.71) (Figure 2B). Combining 
CRP and dNLR, PPV increased to 0.67.

DISCUSSION
Different studies demonstrated the role that inflammation plays in carcinogenesis. For 
example, the role of inflammation in pancreatic cancer patients has been investigated 
as well, and the association between inflammatory biomarkers and the prognosis of 
these patients was reported[22]. Cytokines and proangiogenic factors, whose 
production is regulated by white blood cells and platelets, have been mainly invest-
igated[23].

The role that serum inflammatory biomarkers can play in the development of 
postoperative complications has been reported for surgery performed for different 
solid tumors. However, there is still a lack of data about the role that inflammation can 
play in developing complications after PD. Nonetheless, most of the literature on this 
topic focuses on inflammatory biomarkers dosed and calculated postoperatively[24].

The papers found in our literature research mainly reported data underlining the 
relationship between pre-operative and/or postoperative inflammatory markers and 
oncological outcomes, such as disease-free survival and overall survival in patients 
affected by periampullary tumors. Postoperative complications after PD were mainly 
related to postoperative inflammatory markers instead of PIBs.

According to Solaini et al[17], the combination of preoperative and postoperative 
levels of white blood cells, NLR, and CRP predict the development of postoperative 
complications after PD with particular regard to POPF. The association between 
preoperative NLR and the higher risk of POPF has also been reported by Kumamoto et 
al[20]. Zhang et al[19] has proposed preoperative IL-6 and postoperative PCT and CRP 
levels in a model to estimate the risk of sepsis after PD. Therefore, on this basis and 
considering the strong association between IL-6 and intestinal lipopolysaccharide, the 
authors suggested using preoperative immunonutrition to decrease the levels of IL-6 
and, consequently, the risk of sepsis[21].

Even though POD1-da levels still represent the main indicator of the risk of POPF 
when compared to PIBs as reported by Caputo, the combination of preoperative NLR, 
NLR, and PLR with POD1-da levels was effective in predicting the increased risk of 
grade C POPF[21].
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Table 1 Demographic characteristics of the study population median value and postsurgical infections characteristics

Demographic characteristics (n = 238) and postoperative complications

Age

Median (IQR)

68 (59-74)

Sex, n (%)

Male 141 (59.2)

Female 97 (40.8)

BMI 

Median (kg/m2) 24.9 (22.2-27.7)

Postoperative complications, n (%)

Overall complications 191 (80.2)

Pancreatic fistula 121(50.8)

Pancreatic fistula Grade A 73 (30.6)

Pancreatic fistula Grade B-C 48 (20)

Hemorrhage 34 (14.2)

DGE 73 (30.6)

Abdominal collection 94 (39.5)

Biliary fistula 35 (14.7)

Sepsis 21 (8.8)

Infection of wound 23 (9.6)

BMI: Body mass index; DGE: Delayed gastric emptying; IQR: Interquartile range, 25th percentile to 75th percentile.

Table 2 Median levels of pre-operative inflammatory biomarkers

Preoperative inflammatory biomarkers Median value

NLR (IQR) 227 (164-306)

dNLR (IQR) 1635 (117-21)

CRP (IQR) 53 mg/L (25-1633)

CRP: C-reactive protein; dNLR: Derived neutrophil-to-lymphocyte ratio; IQR: Interquartile range, 25th percentile to 75th percentile; NLR: Neutrophil-to-
lymphocyte ratio.

Table 3 Statistical significance of preoperative inflammatory biomarkers

Overall complications Abdominal collection PPH

NLR > 1.65 Ns Ns P = 0.016

dNLR > 1.47 Ns P = 0.021

CRP > 881 mg/L P = 0.0037 P = 0.016 Ns

CRP: C-reactive protein; dNLR: Derived neutrophil-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; Ns: Not significant; PPH: Postoperative 
hemorrhage.

In our present study, PIBs such as CRP, NLR, and dNLR was significantly 
associated with the development of surgical complications after PD, particularly 
abdominal collections and postoperative bleeding. Specifically, higher CRP levels 
significantly predict overall complications, while lower values of NLR and dNLR were 
associated with a lower risk of PPH and abdominal collection, respectively.
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Figure 2 Receiver operating characteristic curves of preoperative neutrophil-to-lymphocyte ratio in postoperative hemorrhage and 
derived neutrophil-to-lymphocyte ratio in abdominal collections. A: Preoperative neutrophil-to-lymphocyte ratio in postoperative hemorrhage; B: Derived 
neutrophil-to-lymphocyte ratio in abdominal collections. AUC: Area under the curve; d-NLR: Derived neutrophil-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte 
ratio;.

Figure 3 Receiver operating characteristic curves of preoperative C-reactive protein in abdominal collections and overall complications. 
A: C-reactive protein in abdominal collections; B: Overall complications. AUC: Area under the curve; CRP: C-reactive protein.

These findings are in part in agreement with Uchida and colleagues, who reported 
postoperative CRP's role in the prediction of the hemorrhage post PD. According to 
Uchida, patients with high CRP in POD3 are at higher risk of PPH since at higher risk 
of grade C POPF[25,26].From the literature and our findings, it is possible to establish 
the role of PIBs in predicting the development of complications after PD. However, as 
already highlighted by other authors, the rationale behind the association between 
preoperative inflammation and PD postoperative complications has yet to be fully 
defined.

Elevated NLR and PLR can distinguish spontaneous subarachnoid hemorrhage 
from acute headache[27] and were associated with gastrointestinal bleeding in patients 
with cerebral hemorrhage[28].

Moreover, an increased inflammatory state would generate a cytokine storm with 
consequent microvascular alterations responsible for impaired wound and anasto-
motic healing[29].

Nonetheless, according to Nakanishi, the systemic inflammatory response 
determines a dysfunction of the endothelium that loses its ability to produce prosta-
cyclin and nitric oxide with a consequent decrease of dilatation and antithrombotic 
function inhibiting wound healing[30]
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Based on what was highlighted in the literature and our findings, the routine use of 
anti-inflammatory drugs could be considered in patients with altered inflammatory 
status before PD, just as was done to prevent pancreatitis after endoscopic retrograde 
cholangiopancreatography (ERCP)[31,32].

The present work is not without limitations. Our experience is retrospective, and 
there is a lack of direct evidence confirming the role of preoperative inflammatory 
status in PD complications development. Therefore, as already suggested by others, 
these findings must be interpreted with caution.

Our study's strengths are the homogeneity of the series; since we excluded patients 
who underwent neoadjuvant treatments that may have altered the inflammatory 
status and the analysis of only preoperative inflammatory biomarkers allowing to 
exclude the effect of the surgical trauma and of not yet clinically evident complic-
ations.

CONCLUSION
Although the role of inflammatory biomarkers has been assessed in predicting 
oncological outcomes of patients affected by periampullary tumors who underwent 
PD, the efficacy of PIBs in predicting postoperative morbidity has been marginally 
investigated. Despite the limited experiences published in the literature, the available 
data and results of our experience show that preoperative NLR, d-NLR, and CRP 
could predict the risk of complications after PD with particular regard to abdominal 
collections and hemorrhage. On this basis, PIBs may represent simple, cheap, and 
valuable tools to predict the risk of complications after PD and promote early 
interventions to reduce postoperative morbidity.

ARTICLE HIGHLIGHTS
Research background
Role of preoperative inflammatory biomarkers (PIBs) in predicting postoperative 
morbidity has been widely assessed in colorectal and otorhinolaryngeal surgery.

Research motivation
To date, little is known about the role of PIBs in predicting pancreaticoduodenectomy 
(PD) postoperative complications.

Research objectives
To exploit the utility of PIBs in predicting the postoperative course after PD.

Research methods
A literature research and a retrospective analysis of data from a prospective collected 
database of 317 consecutive pancreaticoduodenectomies have been performed. Data 
regarding preoperative neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR), 
platelet-lymphocyte ratio, C-reactive protein (CRP) and postoperative complications of 
238 cases have been analyzed. PIBs were compared using MannWhitney’s test and 
receiver operating characteristic (ROC) analysis was performed to define the cutoffs.

Research results
Patients with preoperative CRP > 8.81 mg/dL were at higher risk of both overall 
complications and abdominal collections (respectively P = 0.0037, PPV = 0.95, NPV = 
0.27 and P = 0.016, PPV = 0.59, NPV = 0.68). _Preoperative dNLR (cut off > 1.47) was 
also predictor of abdominal collection (P = 0.021, PPV = 0.48, NPV = 0.71). Combining 
CRP and dNLR, PPV increased to 0.67. NLR (cut off > 1.65) was significantly 
associated with postoperative hemorrhage (P = 0.016, PPV = 0.17, NPV = 0.98).

Research conclusions
PIBS are cost-effective tools that may predict complications after pancreaticoduoden-
ectomy and could be useful in the postoperative management.

Research perspectives
In clinical practice, PIBs could be used during the postoperative course of PD decisions 
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regarding timing of drains removal and selection of patients who can benefit from 
second level diagnostic exams (e.g., CT scan).
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