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Background: During clinical practice, routine blood tests are commonly
performed following pancreaticoduodenectomy (PD). However, the
relationship between blood cell counts, inflammation-related indices, and
postoperative complications remains unclear.

Method: We conducted a retrospective study, including patients who underwent
PD from October 2018 to July 2023 at the First Hospital of Chongqging Medical
University, and compared baseline characteristics and clinical outcomes among
different groups. Neutrophil count (NC), platelet count (PLT), lymphocyte count
(LC), systemic immune-inflammation index (Sll), platelet-to-lymphocyte ratio
(PLR), neutrophil-to-lymphocyte ratio (NLR), and the product of platelet count
and neutrophil count (PPN) were derived from postoperative blood test results.
We investigated the association between these indicators and outcomes using
multivariable logistic regression and restricted cubic spline analysis. The
predictive performance of these indicators was assessed by the area under the
curve (AUC) of the receiver operating characteristic (ROC) curve and decision
curve analysis (DCA).

Result: A total of 232 patients were included in this study. Multivariate logistic
regression and restricted cubic spline analysis showed that all indicators, except
for PLT, were associated with clinical postoperative pancreatic fistula (POPF). SlI,
NLR, and NC were linked to surgical site infection (SSI), while SII, NLR, and PLR
were correlated with CD3 complication. PLT levels were related to postoperative
hemorrhage. SII (AUC: 0.729), NLR (AUC: 0.713), and NC (AUC: 0.706) effectively
predicted clinical POPF.
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Conclusion: In patients undergoing PD, postoperative inflammation-related
indices and blood cell counts are associated with various complications. NLR
and PLT can serve as primary indicators post-surgery for monitoring

complications.
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Introduction

Pancreaticoduodenectomy (PD) represents a crucial therapeutic
intervention for conditions affecting the pancreatic head,
duodenum, and bile duct. However, owing to its intricate nature,
the emergence of postoperative complications remains a formidable
challenge in PD cases. A recently published systematic review
encompassing 63,229 PD procedures revealed that mortality,
morbidity, and the occurrence of severe complications constituted
1.7%, 54.7%, and 25.5% of patients post-PD, respectively (1). These
postoperative complications not only extend the duration of
hospital stays but also exert a significant impact on patient
prognosis (2, 3). Simultaneously, the high incidence of
postoperative complications contributes significantly to the
escalation of healthcare costs (4, 5). Thus, the early identification
of patients at heightened risk of postoperative complications
is essential.

The complete blood count (CBC) test, characterized by its
simplicity and routine nature, involves the collection of small
blood samples from patients, facilitating the assessment of their
current health status by clinicians. This test yields a plethora of
blood cell counts, including neutrophil count (NC), platelet count
(PLT), and lymphocyte count (LC). From these counts, an array of
inflammation-related indices, such as the systemic immune-
inflammation index (SII), platelet-to-lymphocyte ratio (PLR),
neutrophil-to-lymphocyte ratio (NLR), and the product of platelet
count and neutrophil count (PPN), can be derived (6). Over the
years, numerous studies have revealed the association between
inflammation-related indices and a wide spectrum of diseases,
encompassing neoplastic conditions, autoimmune disorders,
metabolic maladies, neuropsychiatric disorders, cardiovascular
ailments, and infectious diseases (7-17). In this respect, SII has
emerged as a prognostic marker following PD in patients with
neoplastic diseases (18, 19). NLR has also been found to be
associated with postoperative complications in PD (20, 21).
However, there is still a lack of systematic analysis and
comparison of the inflammatory indices in PD. Despite the
ubiquity of routine blood tests such as CBC as a postoperative
examination, the relationship between inflammation-related indices
derived from CBC tests and postoperative complications in PD has
been largely understudied. This study aims to address two key
inquiries: firstly, the identification of inflammation-related
indicators from the CBC that are linked to postoperative
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outcomes in patients with PD; and secondly, the determination of
specific inflammation-related indicators that should be prioritized
in postoperative monitoring. By examining the relationship
between inflammation-related indices and postoperative
complications, this research endeavors to offer significant
evidence for enhancing clinical management, utilizing the results
obtained from postoperative CBC analysis in PD patients.

Method
Study population and data collection

The study cohort comprised consecutive PD cases from
October 2018 to July 2023, sourced from the First Hospital of
Chongging Medical University. Ethical approval for this study was
granted under reference number K2023-332, as approved by the
Ethics Committee of the First Hospital of Chongqing Medical
University. Data encompassing patient demographics, medical
records, laboratory analyses, imaging studies, and surgical records
of PD patients were retrospectively collected through the electronic
medical record system. Exclusion criteria encompassed non-PD
procedures, autoimmune and hematologic disorders, preoperative
infectious complications, involvement of non-hepatobiliary and
pancreatic surgeons, multiorgan surgeries, robotic procedures,
incomplete data, and patients below the age of 18 years. Patients
without postoperative day 3 (POD3) results of blood routine tests
were excluded but included in sensitivity analyses.

Surgical procedure and
perioperative management

Patients who underwent PD within the past five years were
included in the study. All PD procedures were executed by
experienced surgeons, with both open and laparoscopic classical
Whipple procedures performed at our institution. Duct-to-
mucosa anastomosis was the predominant technique for
pancreaticojejunostomy. Intraperitoneal drains were routinely
placed during surgery to monitor postoperative pancreatic
fistula (POPF). Prophylactic antibiotics were administered to all
patients, with an extended antibiotic regimen postoperatively.
Somatostatin or octreotide treatment was usually applied until 5
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to 7 days postoperatively. Acid suppressants were continued for
several months following the procedure. Patients initially received
parenteral nutrition in the early postoperative phase and were
gradually transitioned to enteral nutrition. Regular abdominal
imaging studies were conducted postoperatively.

Definition and outcomes

In this study, inflammation-related indices and blood cell
counts were derived from complete blood count test results
obtained on POD3. The systemic immune-inflammation index
(SII) was calculated as the product of PLT multiplied by NC and
then divided by LC. The neutrophil-to-lymphocyte ratio (NLR) was
calculated as NC divided by LC, while the platelet-to-lymphocyte
ratio (PLR) was computed as PLT divided by LC. Additionally, the
product of platelet count and neutrophil count (PPN) was obtained
by multiplying PLT by NC.

The primary outcome of interest in this study was clinical
POPF, which was diagnosed and classified according to the
International Study Group for Pancreatic Surgery (ISGPS) criteria
(22). Grade B and C POPF cases were collectively defined as clinical
POPF. Secondary outcomes included surgical site infection (SSI),
intra-abdominal hemorrhage, Clavien-Dindo grade III (CD3)
complications (inclusive of those greater than grade III),
reoperation, and readmission. Readmission was defined as
unplanned readmission with an electronic record. Diagnoses
other than pancreatic cancer and chronic pancreatitis were high-
risk diagnoses. Other outcome definitions were consistent with the
literature (23).

Statistical analysis

The study cohort was categorized into two groups based on the
75th percentile of POD3 SII values, resulting in a low SIT group and
a high SII group. Baseline characteristics and clinical outcomes were
compared between these two groups of PD patients. Continuous
variables were reported as medians with interquartile ranges (IQR)
or means with standard deviations (SD) and compared using the
Wilcoxon rank-sum test or student t-test, as appropriate.
Categorical variables were presented as counts with percentages
(%) and compared using Fisher’s exact test or Pearson’s Chi-
squared test, as appropriate.

Logistic regression analysis was conducted to estimate odds
ratios (OR) and 95% confidence intervals (CI) to elucidate the
association between POD3 inflammation-related indices (including
related blood cell counts) and various outcomes. To facilitate the
presentation of estimated ORs, some inflammation-related indices
and blood cell counts were standardized. Three models were
constructed with different levels of adjustment. Model 1 did not
include any adjustments, while Model 2 incorporated adjustments
for patients’ general characteristics, including age, gender, body
mass index (BMI), high-risk diagnosis, albumin levels, diabetes
mellitus, and baseline levels of relevant exposure factors. Model 3
built upon Model 2 by further adjusting for characteristics related to
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pancreatic surgery, such as preoperative biliary drainage (PBD),
main pancreatic duct diameter (MPD), surgical approach, operative
time, and intraoperative hemorrhage volume. Logistic regression
analysis was repeated after transforming inflammation-related
indices and blood cell counts from continuous to categorical
variables based on quartiles and medians as part of
sensitivity analysis.

To visualize the linear or non-linear relationship between
inflammation-related indices, blood cell counts, and different
complications following pancreaticoduodenectomy, multivariable
restricted cubic spline (RCS) analyses based on logistic models were
conducted. These models included covariates such as age, gender,
BMI, pathological diagnosis, albumin levels, diabetes mellitus, and
baseline levels of relevant exposure factors. At the 10th, 50th, and
90th percentiles, three knots were employed to construct the models
(24, 25). Patients initially excluded due to the absence of POD3
routine blood test results were reintegrated, utilizing results from
POD2, POD4, or POD5 blood routine tests as part of sensitivity
analysis. Receiver operating characteristic (ROC) curves were
generated to calculate the area under the curve (AUC), evaluating
the predictive capability of inflammation-related indices and blood
cell counts for different outcomes. Additionally, decision curve
analysis (DCA) was performed. A significance threshold of
P < 0.05 was set for statistical significance. All statistical analyses
were carried out using R 4.2.0, utilizing various R packages,
including ‘gtsummary’, ‘ressci’, ‘pROC’, ‘ggDCA’, and ‘stats’.

Results

Study population characteristics
and outcomes

A total of 349 patients with complete medical records were
included, with 117 patients excluded, resulting in the inclusion of
232 patients in the study. The inclusion process is illustrated in
Figure 1. The cohort was stratified into a low SII group (n=174) and
a high SII group (n=58) based on the third quartile of POD3 SII
(2783). No significant differences were observed in age, BMI,
hypertension, other cancer diagnoses, abdominal surgery history,
smoking, or alcohol consumption between the two groups.
However, gender and diabetes mellitus distribution differed
significantly (P < 0.05). Significant differences were also found in
PLT and albumin levels in the preoperative tests (P < 0.05). No
disparities were noted in other blood cell counts or liver function
indices. Furthermore, there were no discrepancies in terms of
diagnosis, preoperative biliary drainage, main pancreatic duct
diameter, prophylactic antibiotic use, surgical approach,
intraoperative blood loss, or operative time. Specific patient
characteristics are outlined in Table 1.

Table 2 presents the postoperative test results and outcomes for
both groups. Significant differences were observed in POD3
inflammation-related indices and blood cell count between the two
groups (P < 0.05), with the differences consistent with SII.
Nevertheless, among all the outcomes, differences between the two
groups were only significant in clinical POPF, suggesting a potential
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Patients collected from
electronic records (n = 349)

Patients excluded for various reasons (n = 62)
Incorrect procedure = 13
Autoimmune disease = 1
Hematologic disease = 2
Preoperative infection = 6

Non-Hepatobiliary and Pancreatic Surgeon = 2

Multiorgan combined operation = 3
Robotic surgery = 15
Missing data =19
Age < 18 years = 1

A 4

n =287

A 4

Missing POD3 result of blood
routine test (n = 55)

A4

Added blood routine results for
POD 2,4 0r5

v

Statistical analysis
(n=232)

Sensitivity analysis
(RCS, n=287)

FIGURE 1
The flowchart of inclusion of patients. POD3, postoperative day 3.

association between SII and other inflammation-related indices with
clinical POPF. However, investigating the association between
inflammation-related indices and postoperative outcomes of PD
necessitates the consideration of potential confounding factors.

The association of inflammation-related
indexes with outcomes

Clinical POPF

SII, NLR, PLR, PPN, and NC consistently exhibited significant
correlations with clinical POPF during regression analyses across the
three models (Table 3). During sensitivity analyses, when treated as
categorical variables, patients with higher SII, NLR, PLR, PPN, and NC
demonstrated a significantly elevated risk of clinical POPF across all
three models (Table SI). After visualizing the linear or non-linear
relationship through RCS, the aforementioned indicators exhibited a
significant positive correlation with the risk of clinical POPF (P-overall
< 0.05, Figures 2, 3), a finding consistent with the results of sensitivity
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analysis upon reintegrating excluded patients (P-overall < 0.05, Figures
S1, S2). In our cohort, the significant cutoff values for each indicator
were as follows: SII 3485.843, NLR 19.658, PLR 313.034, PPN 2494.493,
and NC 11.620. The results from the three models did not consistently
suggest an association between PLT and clinical POPF (Tables 3, S1).
The significant correlation between PLT and clinical POPF was not
supported by RCS (Figures 3, S2). Additionally, while not significant as
a categorical variable, as a continuous variable, a lower LC implied a
higher risk of POPF (Table 3, model 2: OR 0.86, 95%CI 0.77-0.95,
P=0.005; model 3: OR 0.87, 95%CI 0.77-0.97, P=0.016). Further
analyses also suggested a significant correlation (Figures 3, S2, P-
overall < 0.05, cutoff value = 0.809).

SSI

Logistic regression analyses indicated that elevated SIT and NLR
were associated with an increased risk of SSI (Table 3), consistent
with the RCS results (Figures 2, S1). However, the results from
model 3 did not support an association between PLR and SSI
(Table 3, OR: 1.03, 95%CI:1.00-1.06, P=0.057). During sensitivity
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TABLE 1 The baseline characteristics of included patients.

Characteristic H,\ilgs_gg’ p-value
Age (years) 61 (10) 61 (11) 0.938
Gender 0.039

Female 55 (32%) 27 (47%)

Male 119 (68%) 31 (53%)
BMI (kg/m?) 22.5(34) 21.9 (2.6) 0.125
Diabetes mellitus 34 (20%) 3 (5.2%) 0.010
Hypertension 33 (19%) 12 (21%) 0.774
Other cancers 10 (5.7%) 1 (1.7%) 0.300
Abdominal operation 38 (22%) 13 (22%) 0.927
history
Smoke 72 (41%) 21 (36%) 0.486
Drink 51 (29%) 15 (26%) 0.614
Platelet count (10°/L) 198 (160, 255) 253 (215, 302) <0.001
Neutrophil count 3.72 (2.92, 4.63) 3.99 (3.11, 5.52) 0.162
(10°/L)
Lymphocyte count 1.17 (0.96, 1.50) 1.09 (0.90, 1.42) 0.170
(10°/L)
Albumin (g/L) 40.0 (36.0, 43.0) 37.0 (34.0, 41.8) 0.004
Bilirubin (ummol/L) 98 (14, 191) 81 (17, 167) 0.702
ALT(U/L) 142 (34, 229) 132 (63, 209) 0.990
AST(U/L) 89 (30, 187) 94 (60, 168) 0.596
High risk diagnosis 88 (51%) 33 (57%) 0.404
Pathologic diagnosis 0.054

bile duct cancer 27 (16%) 13 (22%)

duodenal/ampullary 32 (18%) 15 (26%)
cancer

IPMN 9 (5.2%) 0 (0%)

NET 0 (0%) 1 (1.7%)

other 20 (11%) 4 (6.9%)

pancreatic cancer 77 (44%) 25 (43%)

pancreatitis 9 (5.2%) 0 (0%)
PBD 61 (35%) 18 (31%) 0.576
MPD < 3mm 52 (30%) 22 (38%) 0.255
Prophylactic 0.128
antibiotics

Broad-abx 33 (19%) 6 (10%)

Narrow-abx 141 (81%) 52 (90%)
Approach 0.356

LPD 99 (57%) 37 (64%)

OPD 75 (43%) 21 (36%)

(Continued)
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TABLE 1 Continued

High-SII,

Characteristic N = 58

Intraoperative blood
loss (ml)

300 (200, 400) 200 (150, 300) 0.056

Operative time (min) 415 (350, 478) 390 (351, 440) ‘ 0.152 ‘

BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
IPMN, intraductal papillary mucinous neoplasms; NET, neuroendocrine tumor; PBD,
preoperative biliary drainage; MPD, main pancreatic duct diameter; Broad-abx, broad-
spectrum antibiotic; Narrow-abx, narrow-spectrum antibiotic; LPD, laparoscopic
pancreaticoduodenectomy; OPD, open pancreaticoduodenectomy; High risk diagnosis,
diagnosis beyond pancreatitis and pancreatic cancer.

analyses, when assessed as a categorical variable, PLR was also not
associated with SSI in all three models (Table S2, Q4: model 1-3,
P, = 0.2, P, = 0.058, P; = 0.054). Furthermore, RCS failed to
demonstrate a significant alteration in the risk of SSI with changes
in PLR (Figures 2, S1, P-overall >0.05). Analyses did not indicate
any association between PPN and SSI. The primary results also
failed to substantiate the relationship between PLT and SSI
(Figures 3, S2; Table 3). The regression analysis results implied
that lower LC (as a continuous variable) was associated with a
higher risk of SSI (Table 3, model 2 and 3), in contrast to the
sensitivity analyses (Table S2). This inconsistency was also observed
in the RCS (Figure 3: P-overall = 0.064, Figure S2: P-overall = 0.017).
The results of logistic regression were inconsistent with the RCS
results when evaluating the relationship between NC and SSI.

CD3 complication
Logistic regression results showed that SSI, NLR, and PLR were
associated with CD3 complications as continuous variables rather

TABLE 2 The outcome of included patients.

Outcomes

POD3 NC (10°/L) 8.0 (6.3, 10.3) 12.2 (9.9, 14.9) <0.001
POD3 PLT (10°/L) 144 (114, 191) 217 (158, 252) <0.001
POD3 LC (10°/L) 0.77 (0.59, 1.01) 0.60 (0.42, 0.81) <0.001
POD3 PLR 195 (140, 247) 352 (303, 446) <0.001
POD3 NLR 10 (8, 14) 19 (15, 27) <0.001
POD3 PPN 1,107 (842, 1,752) 2,703 (1,749, 3,549) <0.001
B/C POPF 37 (21%) 27 (47%) <0.001
SSI 33 (19%) 16 (28%) 0.164
Hemorrhage 25 (14%) 9 (16%) 0.830
Re-operation 13 (7.5%) 5 (8.6%) 0.780
Readmission 15 (8.6%) 5 (8.6%) >0.999
CD3 complication 27 (16%) 12 (21%) 0.362
Death 6 (3.4%) 2 (3.4%) >0.999

SII, systemic immune-inflammation index; POD3, postoperative day 3; NC, neutrophil count;
PLT, platelet; LC, lymphocyte count; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; PPN, the product of platelet count and neutrophil count; POPF,
postoperative pancreatic fistula; SSI, surgical site infection; CD3, Clavien-Dindo grade III.
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TABLE 3 Association with clinical POPF, SSI and CD3 complication.

10.3389/fimmu.2023.1303283

Model 1 Model 2 Model 3
Indexes
95% CI p-value 95% CI p-value 95% ClI
Clinical POPF
I 1.04 1.02, 1.07 <0.001 1.04 1.02, 1.07 <0.001 1.05 1.02, 1.07 <0.001
NLR 1.08 1.04, 1.12 <0.001 1.07 1.03, 1.12 <0.001 1.07 1.02, 1.11 0.003
PLR® 1.03 1.01, 1.05 0.007 1.04 1.01, 1.07 0.005 1.04 1.01, 1.07 0.009
PPN* 1.06 1.03, 1.09 <0.001 1.05 1.02, 1.09 0.004 1.06 1.02, 1.10 0.004
NC 1.23 1.13, 1.34 <0.001 1.19 1.08, 1.32 <0.001 1.18 1.06, 1.31 0.002
pLT¢ 1.05 1.00, 1.09 0.037 1.03 0.98, 1.10 0.300 1.05 0.99, 1.13 0.120
LC® 0.94 0.86, 1.02 0.200 0.86 0.77, 0.95 0.005 0.87 0.77, 0.97 0.016
Surgical site infection
SIT* 1.02 1.01, 1.04 0.012 1.02 1.00, 1.04 0.031 1.02 1.00, 1.04 0.075
NLR 1.05 1.02, 1.09 0.005 1.05 1.01, 1.09 0.010 1.05 1.01, 1.10 0.023
PLR® 1.02 1.00, 1.04 0.07 1.02 1.00, 1.05 0.044 1.03 1.00, 1.06 0.057
PPN® 1.03 1.01, 1.06 0.018 1.02 0.99, 1.05 0.300 1.02 0.98, 1.05 0.400
NC 113 1.04, 1.24 0.004 1.10 1.00, 1.22 0.053 1.09 0.98, 1.22 0.110
pLT¢ 1.01 0.97, 1.06 0.500 1.03 0.98, 1.10 0.300 0.98 0.92, 1.05 0.600
LC* 0.98 0.89, 1.07 0.600 0.90 0.80, 0.99 0.049 0.88 0.77, 0.99 0.037
CD3 complication
SI® 1.02 1.00, 1.04 0.027 1.02 1.01, 1.05 0.014 1.03 1.01, 1.05 0.009
NLR 1.04 1.00, 1.08 0.028 1.05 1.01, 1.09 0.018 1.05 1.01, 1.10 0.013
PLR® 1.02 1.00, 1.04 0.053 1.03 1.01, 1.05 0.014 1.04 1.01, 1.07 0.006
PPN® 1.01 0.98, 1.04 0.3 1.01 0.97, 1.04 0.600 1.01 0.97, 1.05 0.600
NC 1.04 0.94, 1.14 0.4 1.01 091, 1.13 0.800 1 0.89, 1.12 >0.900
pLT¢ 1.01 0.95, 1.06 0.8 1.00 0.94, 1.08 >0.900 1.02 0.94, 1.09 0.700
LC® 0.92 0.82, 1.02 0.14 0.86 0.75, 0.97 0.018 0.83 0.71, 0.94 0.007

SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PPN, the product of platelet count and neutrophil count; NC, neutrophil

count; PLT, platelet; LC, platelet: lymphocyte count; OR, odds ratio; CI, confidence interval.
a: SII/100; b: PLR/10; ¢: PPN/10; d: PLT/10; e: LC*10
Model 1: unadjusted.

Model 2: adjusted for age, gender, body mass index, high-risk diagnosis, albumin, diabetes mellitus and baseline level of related exposure factor.
Model 3: model 2 + further adjusted for preoperative biliary drainage (PBD), main pancreatic duct diameter (MPD), surgical approach, operative time and volume of intraoperative hemorrhage.

than categorical variables (Tables 3, S3). This inconsistency was also
reflected in the RCS results (Figures 2, S1). PPN, NC, and PLT were
not associated with CD3 complications. Logistic regression results
indicated that LC was associated with CD3 complications as both
continuous and categorical variables (Table 3: model 2 and 3,
P<0.05; Table S3: Q4, model 3, P<0.05). However, the results
from the RCS revealed no statistical significance (Figure 3
P-overall=0.072, Figure S2 P-overall=0.152).

Hemorrhage

Interestingly, we found that a lower PPN indicated a higher risk
of postoperative hemorrhage (Figure S2; Table S4). However, this
result was not confirmed by other analyses (Figure 2; Table 4). In

Frontiers in Immunology

both model 2 and model 3, PLT and LC demonstrated a significant
correlation with postoperative hemorrhage (Table 4) when treated
as continuous variables rather than categorical variables (Table S4).
Nonetheless, the RCS results suggested that only PLT was
associated with postoperative hemorrhage (Figures 3, S2).

Reoperation

During regression analyses, an association with reoperation
was only observed in model 3 when PLR (OR: 1.03, 95%CI:1.00-
1.07, P=0.027), NC (OR: 0.81, 95%CI: 0.66-0.98, P=0.044), and LC
(OR: 0.82, 95%CI: 0.67-0.97, P=0.03) were used as continuous
variables (Table 4). The remaining results did not indicate
any correlation.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1303283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al. 10.3389/fimmu.2023.1303283
SII NLR PLR PPN
Esimaion — Eximaion J—— Eimion [o— Esimnion fo—
= Pt 202 —— Faon 0002 e Pt 005 e Faoniner 0452
23
o g " i N ] " N
= ¢ i i ¢ i i
g 5 P g [ H H
= g 2 ¢ O 2 2
Q § ER] CEA E E
g ’ £ . i . "
H H g
""" pop sit PoD3 NLR 703 PR hons pen -
— imain Poventi=a0ss — imin [o—— — imin
= Paon e - 0158 =
7 i i3 i it i
73 .5 8 .: f L% B .
H - - I H
§ E % E§ E E
i P L. [ H
g’ 2 g 2 g 2 g 2
H g g g
""" popssu " " ronawix N - PoD3 PLR “rovs e -
e —— Esimin p— Eimion p— —— i
- e S = a Faoninar-027 = a Faoninar 095 ot
L 3 . g N g " N
5 i H
< H 7 2. 7. 7 ] 7
3] 2 i 5 = H
2 1 L L ]
g & s "3 H ny B v
£ i & i : & H
IS B F g | B i
o i | S 2k i L 3
g 2 2 ER-S R g
o i . H . H .
g8 ¢ S : Pl T |
o ¢ g
ooasu PoD3 LR oD PR Fhovsery
o P—— o P— —— Einaion P—— R [o——
= wa Paom 0912 = wa Paominer-0151 = wa Paom - 0387 = wa Faon e 105
o H H ]
g f 7 i 7 & 7 7
= 7 z
£ ¢ i P s !
2, o 3 o 3 B I} ]
£ &
g i i {1 { ! i
£ 3 g i g i3 g
2 g z g E EN 2
g s £ s £ I s
g 8 8 H
“““ ropssi Pop3 NIR PoD3 PLR homs e
— Eimain P—— e —— imin Evimion v
= Peon e - 0451 J = eE = = ,
g £ " 4, " § N
g " 3 i £
R-I 7 i g H %’ H g
: ¢ Ly Lo P ;
Q. ] § 5 § E
IS [ . H
g 1 Pl P 1P £
g; = 3 = ; = g .
g < £ i
e e e m—— | : £

JE——
— ma

Readmission
R b et e POUI R B 3681

(4)somepdoq o sSemsomng

OR (95% CT) ol for POD3 NLR i 16.55

PODINLR

Estimation
— ma

(4)somepdoq o sSewsong

PODS PLR Pos ey

Extmaton
— ma

(6) somepdoq o sSewsong

OR (95% CI) cuoff for POD3 PLR s 304473

(4)somepdoq o sSewsong
OR (95% CI) cutoff or PODS PPN

Po3 it

FIGURE 2

PODINLR.

PODS PLR Pons P

Multivariable restricted cubic spline of inflammation-related indexes. The threshold of significance is P-overall < 0.05. The model was conducted
with 3 knots at the 10th, 50th, 90th percentiles. Solid lines indicate ORs, and shadow shape indicate 95% Cls. Systemic immune-inflammation index
(SI1), platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR) and the product of platelet count and neutrophil count (PPN).

Readmission

NLR (model 1-3, P<0.05) and PLR (model 2 and 3, P<0.05)
were potentially associated with an increased risk of readmission

when assessed as continuous variables (Table 4). However, RCS

analysis did not confirm this correlation (Figures 2, S1).
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Predictive ability of indicators

The predictive power of the indicators was quantified by
calculating the AUC from the ROC curve (Figure 4). SSI (AUC:
0.729, cutoff: 2314.608), NLR (AUC: 0.713, cutoff: 11.801), and NC
(AUC: 0.706, cutoff: 10.635) were effective predictors of clinical
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FIGURE 3

Multivariable restricted cubic spline of blood cell count. The threshold of significance is P-overall < 0.05. The model was conducted with 3 knots at
the 10th, 50th, and 90th percentiles. Solid lines indicate ORs, and shadow shapes indicate 95% Cls. Neutrophil count (NC), platelet (PLT), and

lymphocyte count (LC).

POPF. The ability of PLR (AUC: 0.629, cutoff: 196.132) and PPN
(AUC: 0.682, cutoff: 2501.940) to predict clinical POPF was
relatively weak. PLR, PLT, and LC, on the other hand, were
inadequate for predicting POPF. SII (AUC: 0.628, cutoff:
2240.490), NLR (AUC: 0.638, cutoff: 13.708), and NC (AUC:
0.624, cutoff: 8.295) were weak predictors of SSI. CD3
complications were poorly predicted by NLR (AUC: 0.606, cutoft:

Frontiers in Immunology

11.332). LC was not a reliable predictor of readmission (AUC:
0.620, cutoff: 0.775). DCA analysis revealed the model provided
clinical benefit across a wide range of threshold probabilities
for predicting clinical POPF. However, for SSI and other
outcomes, the threshold probability range conferring benefit was
substantially narrower. The results of the DCA analysis are
presented in Figure 5.
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TABLE 4 Association with clinical hemorrhage, reoperation and readmission.

10.3389/fimmu.2023.1303283

Model 1 Model 2 Model 3
Indexes
95% CI p-value 95% CI p-value 95% ClI
Hemorrhage
SI® 1.00 0.97, 1.02 0.800 1.00 0.97, 1.02 0.700 1.00 0.97, 1.03 0.800
NLR 1.03 0.99, 1.07 0.120 1.03 0.99, 1.07 0.200 1.04 1.00, 1.09 0.050
PLR® 1.00 0.97, 1.02 >0.900 1.00 0.97, 1.03 0.800 1.01 0.98, 1.04 0.400
PPN® 0.98 0.95, 1.02 0.400 0.96 0.91, 1.00 0.090 0.97 0.92, 1.01 0.200
NC 1.01 0.91, 1.11 0.900 0.96 0.85, 1.07 0.500 0.96 0.85, 1.09 0.600
pLT¢ 0.95 0.89, 1.00 0.077 0.90 0.83, 0.98 0.014 0.92 0.84, 1.0 0.044
LC* 0.91 0.80, 1.02 0.110 0.86 0.75, 0.98 0.027 0.82 0.70, 0.94 0.007
Reoperation
SI® 1.00 0.97, 1.03 0.800 1.00 0.97, 1.03 0.900 1.01 0.97, 1.04 0.700
NLR 1.02 0.97, 1.07 0.400 1.02 0.96, 1.07 0.500 1.02 0.97, 1.08 0.400
PLR® 1.02 0.99, 1.04 0.200 1.02 0.99, 1.05 0.130 1.03 1.00, 1.07 0.027
PPN® 0.99 0.93, 1.03 0.600 0.97 0.90, 1.02 0.300 0.96 0.89, 1.02 0.200
NC 0.92 0.78, 1.05 0.200 0.86 0.71, 1.01 0.090 0.81 0.66, 0.98 0.044
pLT¢ 1.00 0.92, 1.07 >0.900 0.97 0.87, 1.06 0.500 0.97 0.87, 1.07 0.500
LC® 0.91 0.77, 1.06 0.300 0.86 0.71, 1.01 0.086 0.82 0.67, 0.97 0.030
Readmission
Nis 1.01 0.98, 1.03 0.400 1.01 0.99, 1.04 0.300 1.02 0.99, 1.04 0.200
NLR 1.05 1.00, 1.09 0.037 1.05 1.00, 1.09 0.047 1.05 1.00, 1.11 0.042
PLR® 1.02 0.99, 1.04 0.200 1.03 1.00, 1.05 0.036 1.03 1.00, 1.06 0.021
PPN® 0.98 0.93, 1.02 0.500 0.96 0.90, 1.02 0.200 0.97 0.91, 1.02 0.300
NC 0.96 0.84, 1.09 0.600 0.90 0.76, 1.04 0.200 0.89 0.74, 1.04 0.200
pLT¢ 0.96 0.89, 1.03 0.300 0.95 0.85, 1.05 0.300 0.97 0.87, 1.07 0.500
LCe 0.92 0.79, 1.06 0.300 0.91 0.77, 1.05 0.200 0.90 0.74, 1.06 0.200

SII, systemic immune-inflammation index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PPN, the product of platelet count and neutrophil count; NC, neutrophil

count; PLT, platelet; LC, platelet: lymphocyte count; OR, odds ratio; CI, confidence interval.
a: SII/100; b: PLR/10; c: PPN/10; d: PLT/10; e: LC*10.
Model 1: unadjusted.

Model 2: adjusted for age, gender, body mass index, high-risk diagnosis, albumin, diabetes mellitus and baseline level of related exposure factor.
Model 3: model 2 + further adjusted for preoperative biliary drainage (PBD), main pancreatic duct diameter (MPD), surgical approach, operative time and volume of intraoperative hemorrhage.

Discussion

Despite being one of the most common tests conducted after PD,
there has been limited systematic exploration of the association
between CBC-related inflammatory indexes (including corresponding
blood cell counts) and postoperative complications. Thus, we
conducted the present study to identify associations between SII,
NLR, PLR, PPN, NC, PLT, LC, and postoperative morbidity in PD
patients. Our study revealed validated markers for different
complications after PD, providing valuable insights for clinicians to
interpret and utilize the results of blood routine tests following PD.

Routine tests, including CBC, are crucial tools for assessing the
overall condition of a patient, particularly in the perioperative
management of complex, high-morbidity procedures like PD.

Frontiers in Immunology

Compared to other indicators such as C-reactive protein,
procalcitonin, cytokines, and immune cell subsets, complete blood
count tests offer a simpler and more cost-effective means of
obtaining important information without adding financial burden
to the patient. Postoperative inflammation serves as an indicator of
the risk of complications, and neutrophils, lymphocytes, and
platelets are key cells associated with inflammation. Moreover,
various inflammation-related indices have been proposed for
further clinical application. In the context of patients undergoing
surgical stress, the internal inflammatory state is altered compared
to the general population. Determining which indicators are
meaningful for evaluating outcomes in PD and identifying
appropriate cutoff values are challenges that our clinical team
has encountered.
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The receiver operating characteristic of inflammation-related indexes and blood cell counts for different outcomes. Systemic immune-inflammation
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neutrophil count (NC), platelet (PLT) and lymphocyte count (LC). (A—F) represent clinical POPF, SSI, CD3 complications, hemorrhage, reoperation,

and readmission, respectively.

SII, an indicator that combines NC, PLT, and LC, was initially
introduced by Hu et al. and has been found to correlate with tumor
prognosis (26). Previous studies have shown associations between
SIT and prognosis in patients with periampullary cancer, distal
cholangiocarcinoma, and pancreatic head cancer undergoing PD
surgery (18, 19, 27). In the present study, we found that SII was
linked to several complications after PD, including clinical POPF
and SSI, and possibly CD3 complications, although there was
inconsistency between the main results and sensitivity analysis. In
prior research, preoperative NLR emerged as a prognostic predictor
in patients with distal bile duct cancer (28). NLR has attracted
significant attention in the investigation of postoperative
complications following PD compared to SII. Elevated
preoperative NLR has been linked to comprehensive
postoperative morbidity and hemorrhage (29, 30). Herein, we
conducted a comprehensive analysis of specific outcomes and
discovered that increased NLR was associated with clinical POPF,
SSI, CD3 complications, and readmission. However, it should be
borne in mind that in the RCS analysis of NLR with readmission,
the p-value was 0.089. A related study also defined the threshold for
the P-overall as < 0.10 (31). Similarly, PLR has been associated with
postoperative prognosis after PD in patients with pancreatic head
tumors (32). Our study suggested that PLR was linked to clinical

Frontiers in Immunology

POPF and might be related to CD3 complications, in contrast to a
previous study that did not find a correlation between PLR and
POPF (33). In our analysis, the evidence indicating that an
increased PLR led to an increased risk of POPF was substantiated
by logistic regression, RCS, and sensitivity analyses, bolstering our
confidence in the association between PLR and POPF. On the other
hand, the relationship between PPN and postoperative
complications, as well as the prognosis of PD, had not been
previously reported. Our findings indicated that, besides POPF,
PPN might be potentially associated with postoperative
hemorrhage. Interestingly, NC consistently emerged as a
significant factor associated with clinical POPF. However, when
exploring the relationship between NC and SSI, the results were not
entirely consistent across analyses. Lower PLT levels were linked to
an increased risk of hemorrhage, while lower LC levels represented
a higher risk of both POPF and SSI.

In this study, ROC curves and DCA analyses suggested that
inflammation-related indices and blood cell counts performed
better in predicting postoperative complications of PD, especially
in predicting clinical POPF. In contrast, RCS analysis reflected more
meaningful indicators, with NLR standing out as an indicator
associated with the most outcomes, including clinical POPF, SSI,
CD3 complications, and readmission. The predictive ability of NLR

10 frontiersin.org


https://doi.org/10.3389/fimmu.2023.1303283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

SSI

10.3389/fimmu.2023.1303283

CD3 Complication

Net Benefit

None

Risk Threshold

Reoperation

Risk Threshold

Readmission

Ma et al.
A B
POPF
2 2
.
.
\ \
Rik Theshold
D E
Hemorrhage
. su
- nx
z MR ®
H o g
2 — H
= m
= N
.
\
ik Thrshold
FIGURE 5

Risk Threshold

Risk Threshold

The decision curve analysis of inflammation-related indexes and blood cell counts for different outcomes. Systemic immune-inflammation index
(SI1), platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and the product of platelet count, neutrophil count (PPN), neutrophil
count (NC), platelet (PLT) and lymphocyte count (LC). (A—F) represent clinical POPF, SSI, CD3 complications, hemorrhage, reoperation, and

readmission, respectively.

for clinical POPF, SSI, and CD3 complications was not inferior to
SII. Therefore, NLR should be recommended as a primary indicator
for postoperative routine blood tests. The RCS also provided NLR
cutoff values for each of these four outcomes: 19.66, 18.34, 17.96,
and 16.90. Meanwhile, in ROC curve, the respective cutoff values
were 11.80, 13.71, 11.33, and 9.99. Given the relatively weak
predictive ability of individual indicators, RCS is recommended,
especially for predicting SSI, CD3 complications, and readmission.
Notably, the only indicators associated with postoperative
hemorrhage were PPN and PLT. Because PLT was simpler than
PPN, we favored PLT (cut-off value: 138.24). NLR and PLT also
contained NC, LC and PLT, and we recommended NLR and PLT
should be primary indicators in CDCs for observing after PD.

Nevertheless, there were several limitations to our study.
Indeed, single-center studies carry the potential for bias.
Furthermore, our analysis primarily focused on POD3 indicators,
while clinical practice often encounters late and sudden changes in
these indicators. Thus, our study may not adequately account for
this heterogeneity. Additionally, we did not conduct an analysis of
combined indicators, nor did we incorporate the results of other
tests, such as liver function and drainage fluid amylase, which are
considerations for our future research plans.

Conclusion

Overall, our study systematically analyzed postoperative routine
blood test results and uncovered associations between
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inflammation-related indices (SII, NLR, PLR, and PPN) and
blood cell counts (NC, PLT, and LC) with various postoperative
complications of PD. An elevated SII may indicate an increased risk
of clinical POPF, SSI, and CD3 complications. A higher NLR may
signify a greater risk of clinical POPF, SSI, CD3 complications, and
may readmission. PLR may be associated with clinical POPF and
CD3 complications. PPN was found to be associated with POPF and
hemorrhage, while outcomes associated with NC included clinical
POPF and SSI. Lower PLT levels were linked to a higher risk of
hemorrhage, and lower LC levels were associated with a greater risk
of both POPF and SSI. Considering simplicity and validity, we
recommend NLR and PLT as the primary indicators for post-
operative monitoring in routine blood tests following PD.

Data availability statement

The datasets presented in this article are not readily available
because Data used for this analysis cannot be made publicly
available due to ethical restriction. Requests to access the datasets
should be directed to Kezhen Zong, zongkezhen23@163.com.

Ethics statement

The studies involving humans were approved by the ethics
committee of The First Affiliated Hospital of Chongqing Medical
University. The studies were conducted in accordance with the local

frontiersin.org


https://www.zongkezhen23@163.com
https://doi.org/10.3389/fimmu.2023.1303283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al.

legislation and institutional requirements. The ethics committee/
institutional review board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because This is a
retrospective observational study. We did not follow up with the
patients and only obtained information from the electronic medical
record system.

Author contributions

MM: Writing - original draft, Conceptualization, Formal
Analysis, Methodology. GL: Writing - original draft,
Conceptualization, Formal Analysis, Methodology. BZ:
Writing - review & editing. KL: Writing - review & editing.
ZW': Writing - review & editing. LK: Writing - review & editing.
MaL: Writing - review & editing. MiL: Writing - review &
editing. CZ: Writing - review & editing. HY: Writing - review &
editing. SW: Methodology, Project administration, Supervision,
Validation, Writing - review & editing. ZH: Methodology,
Project administration, Supervision, Validation, Writing -
review & editing. KZ: Conceptualization, Formal Analysis,
Methodology, Project administration, Supervision, Validation,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research is supported by Chongqing Research Performance
Incentive and Guidance Project (cstc2022jxj1120032), Chongging

References

1. Kokkinakis S, Kritsotakis EI, Maliotis N, Karageorgiou I, Chrysos E, Lasithiotakis
K. Complications of modern pancreaticoduodenectomy: A systematic review and
meta-analysis. Hepatobil Pancreat Dis Int: HBPD Int (2022) 21(6):527-37. doi:
10.1016/j.hbpd.2022.04.006

2. Aranha GV, Aaron JM, Shoup M, Pickleman J. Current management of
pancreatic fistula after pancreaticoduodenectomy. Surgery (2006) 140(4):561-8;
discussion 8-9. doi: 10.1016/j.surg.2006.07.009

3. Fu§J, Shen SL, Li SQ, Hu WJ, Hua YP, Kuang M, et al. Risk factors and outcomes
of postoperative pancreatic fistula after pancreatico-duodenectomy: an audit of 532
consecutive cases. BMC Surg (2015) 15:34. doi: 10.1186/s12893-015-0011-7

4. Jajja MR, Mustansir F, Nadeem SO, Lovasik BP, Blair CM, Sarmiento JM.
Counting the cost: financial implications of complications following
pancreaticoduodenectomy. HPB: Off ] Int Hepato Pancreato Biliary Assoc (2022) 24
(7):1177-85. doi: 10.1016/j.hpb.2021.12.012

5. Maggino L, Malleo G, Bassi C, Allegrini V, McMillan MT, Borin A, et al.
Decoding grade B pancreatic fistula: A clinical and economical analysis and
subclassification proposal. Ann Surg (2019) 269(6):1146-53. doi: 10.1097/
SLA.0000000000002673

6. Wei C, Zhang W, Chen J, He Q, Cao L, Zhang P, et al. Systematic analysis between
inflammation-related index and sex hormones in American adults: cross-sectional
research based NHANES 2013-2016. Front Immunol (2023) 14:1175764. doi: 10.3389/
fimmu.2023.1175764

7. Gao'Y, Zhang H, Li Y, Wang D, Ma Y, Chen Q. Preoperative increased systemic
immune-inflammation index predicts poor prognosis in patients with operable non-

Frontiers in Immunology

12

10.3389/fimmu.2023.1303283

technology innovation and application development key project
(cstc2021jscx-gksbX0060) and the Natural Science Foundation of
Chongging (CSTB2023NSCQ- BHX0131).

Acknowledgments

We thank Home for Researchers editorial team (www.home-
for-researchers.com) for language editing service.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1303283/
full#supplementary-material

small cell lung cancer. Clinica Chimica Acta; Int J Clin Chem (2018) 484:272-7. doi:
10.1016/j.cca.2018.05.059

8. Jiang D, Bian T, Shen Y, Huang Z. Association between admission systemic
immune-inflammation index and mortality in critically ill patients with sepsis: a
retrospective cohort study based on MIMIC-IV database. Clin Exp Med (2023) 23
(7):3641-50. doi: 10.1007/s10238-023-01029-w

9. LiuB, WangJ, Li YY, Li KP, Zhang Q. The association between systemic immune-
inflammation index and rheumatoid arthritis: evidence from NHANES 1999-2018.
Arthritis Res Ther (2023) 25(1):34. doi: 10.1186/s13075-023-03018-6

10. Meng F, Yan X, Qi J, He F. Association of neutrophil to lymphocyte ratio,
platelet to lymphocyte ratio, and monocyte to lymphocyte ratio with depression: A
cross-sectional analysis of the NHANES data. J Affect Disord (2022) 315:168-73. doi:
10.1016/j.jad.2022.08.004

11. SongY, Guo W, LiZ, Guo D, Li Z, Li Y. Systemic immune-inflammation index is
associated with hepatic steatosis: Evidence from NHANES 2015-2018. Front Immunol
(2022) 13:1058779. doi: 10.3389/fimmu.2022.1058779

12. Van ‘t Land FR, Aziz MH, Michiels N, Mieog JSD, Bonsing BA, Luelmo SAC,
et al. Increasing systemic immune-inflammation index during treatment in patients
with advanced pancreatic cancer is associated with poor survival - A retrospective,
multicenter, cohort study. Ann Surg (2023) 278(6):1018-23. doi: 10.1097/
SLA.0000000000005865

13. Wang RH, Wen WX, Jiang ZP, Du ZP, Ma ZH, Lu AL, et al. The clinical value of
neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII),
platelet-to-lymphocyte ratio (PLR) and systemic inflammation response index (SIRI)

frontiersin.org


http://www.home-for-researchers.com
http://www.home-for-researchers.com
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1303283/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1303283/full#supplementary-material
https://doi.org/10.1016/j.hbpd.2022.04.006
https://doi.org/10.1016/j.surg.2006.07.009
https://doi.org/10.1186/s12893-015-0011-7
https://doi.org/10.1016/j.hpb.2021.12.012
https://doi.org/10.1097/SLA.0000000000002673
https://doi.org/10.1097/SLA.0000000000002673
https://doi.org/10.3389/fimmu.2023.1175764
https://doi.org/10.3389/fimmu.2023.1175764
https://doi.org/10.1016/j.cca.2018.05.059
https://doi.org/10.1007/s10238-023-01029-w
https://doi.org/10.1186/s13075-023-03018-6
https://doi.org/10.1016/j.jad.2022.08.004
https://doi.org/10.3389/fimmu.2022.1058779
https://doi.org/10.1097/SLA.0000000000005865
https://doi.org/10.1097/SLA.0000000000005865
https://doi.org/10.3389/fimmu.2023.1303283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al.

for predicting the occurrence and severity of pneumonia in patients with intracerebral
hemorrhage. Front Immunol (2023) 14:1115031. doi: 10.3389/fimmu.2023.1115031

14. Xie QK, Chen P, Hu WM, Sun P, He WZ, Jiang C, et al. The systemic immune-
inflammation index is an independent predictor of survival for metastatic colorectal
cancer and its association with the lymphocytic response to the tumor. J Trans Med
(2018) 16(1):273. doi: 10.1186/s12967-018-1638-9

15. Xu M, Chen R, Liu L, Liu X, Hou J, Liao J, et al. Systemic immune-inflammation
index and incident cardiovascular diseases among middle-aged and elderly Chinese
adults: The Dongfeng-Tongji cohort study. Atherosclerosis (2021) 323:20-9. doi:
10.1016/j.atherosclerosis.2021.02.012

16. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, et al. Systemic
immune-inflammation index (SII) predicted clinical outcome in patients with coronary
artery disease. Eur ] Clin Invest (2020) 50(5):e13230. doi: 10.1111/eci.13230

17. Zinellu A, Mangoni AA. Neutrophil-to-lymphocyte and platelet-to-lymphocyte
ratio and disease activity in rheumatoid arthritis: A systematic review and meta-
analysis. Eur J Clin Invest (2023) 53(2):e13877. doi: 10.1111/eci.13877

18. Chen Q, Ren S, Cui S, Huang J, Wang D, Li B, et al. Prognostic and recurrent
significance of SII in patients with pancreatic head cancer undergoing
pancreaticoduodenectomy. Front Oncol (2023) 13:1122811. doi: 10.3389/fonc.2023.1122811

19. Yur M, Balin §, Aygen E, Ilhan YS, Yilmaz S, Ebiloglu MF. The prognostic effect
of the systemic immune-inflammation index on overall survival of periampullary
cancer. Curr Med Res Opinion (2023) 39(8):1139-45. doi: 10.1080/
03007995.2023.2239033

20. Huang H, Wang C, Ji F, Han Z, Xu H, Cao M. Nomogram based on albumin and
neutrophil-to-lymphocyte ratio for predicting postoperative complications after
pancreaticoduodenectomy. Gland Surg (2021) 10(3):877-91. doi: 10.21037/gs-20-789

21. Shen Z, Xu Z, Wang W, Xu W, Zhou Y, Lu X, et al. A novel nomogram for
predicting the risk of major complications after pancreaticoduodenectomy in patients
with obstructive jaundice. Clinica Chimica Acta; Int ] Clin Chem (2021) 517:162-70.
doi: 10.1016/j.cca.2021.02.018

22. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The
2016 update of the International Study Group (ISGPS) definition and grading of
postoperative pancreatic fistula: 11 Years After. Surgery (2017) 161(3):584-91. doi:
10.1016/j.5urg2016.11.014

23. Zong K, Peng D, Jiang P, Li Y, Cao Z, Wu Z, et al. Derivation and validation of a
novel preoperative risk prediction model for surgical site infection in
pancreaticoduodenectomy and comparison of preoperative antibiotics with different
risk stratifications in retrospective cohort. J Hosp Infect (2023) 139:228-37. doi:
10.1016/1,jhin.2023.07.001

Frontiers in Immunology

13

10.3389/fimmu.2023.1303283

24. Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline
functions in public health research. Stat Med (2010) 29(9):1037-57. doi: 10.1002/
sim.3841

25. Ma SJ, Yu H, Yu B, Waldman O, Khan M, Chatterjee U, et al. Association of
pack-years of cigarette smoking with survival and tumor progression among patients
treated with chemoradiation for head and neck cancer. JAMA Netw Open (2022) 5(12):
€2245818. doi: 10.1001/jamanetworkopen.2022.45818

26. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-
inflammation index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res: an Off ] Am Assoc Cancer Res (2014) 20
(23):6212-22. doi: 10.1158/1078-0432.CCR-14-0442

27. Terasaki F, Sugiura T, Okamura Y, Ito T, Yamamoto Y, Ashida R, et al. Systemic
immune-inflammation index as a prognostic marker for distal cholangiocarcinoma.
Surg Today (2021) 51(10):1602-9. doi: 10.1007/s00595-021-02312-7

28. Miyahara Y, Takashi S, Shimizu Y, Ohtsuka M. The prognostic impact of
neutrophil-to-lymphocyte ratio (NLR) and lymphocyte-to-monocyte ratio (LMR) in
patients with distal bile duct cancer. World ] Surg Oncol (2020) 18(1):78. doi: 10.1186/
$12957-020-01847-2

29. Coppola A, La Vaccara V, Caggiati L, Carbone L, Spoto S, Ciccozzi M, et al.
Utility of preoperative systemic inflammatory biomarkers in predicting postoperative
complications after pancreaticoduodenectomy: Literature review and single center
experience. World ] Gastrointest Surg (2021) 13(10):1216-25. doi: 10.4240/
Wigs.v13.i10.1216

30. Kumamoto Y, Kaizu T, Tajima H, Nishizawa N, Ei S, Igarashi K, et al.
Neutrophil-to-lymphocyte ratio as a predictor of postoperative morbidity in patients
with distal cholangiocarcinoma. Mol Clin Oncol (2018) 9(4):362-8. doi: 10.3892/
mco.2018.1698

31. Zhang Z, Zhao L, Lu Y, Meng X, Zhou X. Association between non-insulin-
based insulin resistance indices and cardiovascular events in patients undergoing
percutaneous coronary intervention: a retrospective study. Cardiovasc Diabetol
(2023) 22(1):161. doi: 10.1186/512933-023-01898-1

32. Shirai Y, Hamura R, Tanji Y, Taniai T, Yanagaki M, Haruki K, et al. The
postoperative platelet-to-lymphocyte ratio predicts the outcome of patients undergoing
pancreaticoduodenectomy for pancreatic head cancer. Surg Today (2023). doi: 10.1007/
500595-023-02727-4

33. Kinaci E, Sevinc MM, Ozakay A, Bayrak S, Cakar E, Sari S. Intraoperative
acidosis is a new predictor for postoperative pancreatic fistula after
pancreaticoduodenectomy. Hepatobil Pancreat Dis Int: HBPD Int (2016) 15(3):302—
9. doi: 10.1016/51499-3872(16)60068-1

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1115031
https://doi.org/10.1186/s12967-018-1638-9
https://doi.org/10.1016/j.atherosclerosis.2021.02.012
https://doi.org/10.1111/eci.13230
https://doi.org/10.1111/eci.13877
https://doi.org/10.3389/fonc.2023.1122811
https://doi.org/10.1080/03007995.2023.2239033
https://doi.org/10.1080/03007995.2023.2239033
https://doi.org/10.21037/gs-20-789
https://doi.org/10.1016/j.cca.2021.02.018
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.jhin.2023.07.001
https://doi.org/10.1002/sim.3841
https://doi.org/10.1002/sim.3841
https://doi.org/10.1001/jamanetworkopen.2022.45818
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1007/s00595-021-02312-7
https://doi.org/10.1186/s12957-020-01847-2
https://doi.org/10.1186/s12957-020-01847-2
https://doi.org/10.4240/wjgs.v13.i10.1216
https://doi.org/10.4240/wjgs.v13.i10.1216
https://doi.org/10.3892/mco.2018.1698
https://doi.org/10.3892/mco.2018.1698
https://doi.org/10.1186/s12933-023-01898-1
https://doi.org/10.1007/s00595-023-02727-4
https://doi.org/10.1007/s00595-023-02727-4
https://doi.org/10.1016/S1499-3872(16)60068-1
https://doi.org/10.3389/fimmu.2023.1303283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Comprehensive analysis of the association between inflammation indexes and complications in patients undergoing pancreaticoduodenectomy
	Introduction
	Method
	Study population and data collection
	Surgical procedure and perioperative management
	Definition and outcomes
	Statistical analysis

	Results
	Study population characteristics and outcomes
	The association of inflammation-related indexes with outcomes
	Clinical POPF
	SSI
	CD3 complication
	Hemorrhage
	Reoperation
	Readmission
	Predictive ability of indicators


	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


