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Lymphopenia following pancreaticoduodenectomy is 
associated with pancreatic fistula formation
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Backgrounds/Aims: Post-operative pancreatic fistulas (POPF) are a major source of morbidity following pancreatico-
duodenectomy (PD). This study aims to investigate if persistent lymphopenia, a known marker of sepsis, can act as 
an additional marker of POPF with clinical implications that could help direct drain management. Methods: A retro-
spective chart review of all patients who underwent PD in a single hospital network from 2008 to 2018. Persistent 
lymphopenia was defined as lymphopenia beyond post-operative day #3. Results: Of the 201 patients who underwent 
PD during the study period 161 patients had relevant laboratory data, 81 of whom had persistent lymphopenia. 17 
patients with persistent lymphopenia went on to develop a POPF, compared to 7 patients without. Persistent lymphope-
nia had a negative predictive value of 91.3%. Multivariate analysis revealed only persistent lymphopenia as being in-
dependently associated with POPF (HR 2.57, 95% CI 1.07-6.643, p=0.039). Patients with persistent lymphopenia were 
more likely to have a complication requiring intervention (56.8% vs 35.0%, p＜0.001). Conclusions: Persistent lympho-
penia is a readily available early marker of POPF that holds the potential to identify clinically relevant POPF in patients 
where no surgical drain is present, and to act as an adjunct of drain amylase helping to guide drain management. 
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INTRODUCTION

Despite strategies to mitigate the sequelae of POPF fol-

lowing pancreaticoduodectomy, POPF continues to be a 

significant source of morbidity and mortality. Reported 

rates of POPF range from 3-45%, with a 0-5% mortality 

rate.1-4 A systematic review of 60,000 patients demon-

strated that 3.5% of all pancreaticoduodenectomy patients 

had a POPF that lead to organ failure, the need for re-op-

eration, or death. An additional 8.9% of patients required 

antibiotic therapy or additional procedures such as percu-

taneous, endoscopic, or angiographic interventions as part 

of their POPF treatment.3 Management and prevention re-

mains controversial with increasing attention dedicated to 

the need for prophylactic intraperitoneal drains at the time 

of the index operation and their optimal management in 

the postoperative period.5-8

Recent studies have offered conflicting data regarding 

the effect of drains on clinical outcomes after pancreatic-

oduodenectomy. Some studies suggest an increase in the 

number and severity of complications when drains are not 

left, whereas in others no differences were reported with 

or without drains.5,6 The Fistula Risk Score is a useful tool 

that can be employed when deciding in which patients to 

selectively leave a prophylactic surgical drain. Originally 

develop by Callery et al.9 and subsequently validated in 

a multi-institutional study, the score is comprised of gland 

texture, pathology, pancreatic duct diameter, and intra-

operative blood loss to give a score on a scale of 0-10 

and divides patients into negligible, low, intermediate, and 

high risk for POPF.9,10 Decisions regarding leaving drains, 

and also managing them, remain extremely variable amongst 

surgeons.2,8,11,12

Kawai and collogues studied 104 patients following 
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pancreaticoduodectomy and found that intra-abdominal in-

fections were independently associated with patients pro-

spectively assigned to have drains left in place for a lon-

ger period of time (8 days compared with 4 days).13 Based 

on these data and similar reports, efforts have turned to 

early drain removal when a drain is left in place, with 

a variety of groups reporting various drain amylase values 

predictive of safe drain removal at post-operative day 

(POD) 1 or 3.2,7,8,11 While useful, drain amylase lacks spe-

cificity for clinically relevant POPF and is limited in iden-

tifying POPF only in patients with surgical drains in 

place. As POPF can lead to infection, sepsis, and septic 

shock, the aim of this study is to investigate the known 

immunologic alternations in response to sepsis, specifi-

cally lymphopenia, to identify an additional early readily 

available marker to improve specificity for only clinically 

relevant POPF.14,15 Lymphopenia has previously been 

demonstrated to be associated with increased mortality 

secondary to sepsis and trauma.16,17 Sepsis is purported to 

drive lymphopenia by inducing lymphocyte apoptosis to 

prevent an overly exuberant inflammatory response to 

bacterial infection.18-20 Thus, unlike drain amylase, lym-

phopenia has the potential to be more specific for clin-

ically relevant POPF with the added utility of recognizing 

POPF in patients without prophylactic intraperitoneal 

drains. 

MATERIALS AND METHODS

All patients who underwent pancreaticoduodenectomy 

in a single hospital system between July 2008 and June 

2018 were identified. The medical records of these pa-

tients were retrospectively reviewed to create a compre-

hensive database including patient demographics, co-

morbidities, functional status, operative details, post-oper-

ative course, pathologic data, and basic laboratory values. 

All patients over the age of 18 with available operative 

reports and discharge summaries were included in the 

analysis. Patients were followed for a minimum of 90 

days or until death. Pre-operative lab values were included 

when drawn within the two weeks prior to pancreatico-

duodenectomy. Patients were excluded from analysis if 

they did not have complete blood counts with differentials 

available on POD #3. POD #3 was selected given prior 

reports in which drain amylase was used as an indicator 

of safety for drain removal at this time point .2,8

POPF were defined using the 2016 update of the ISGPS 

definition and grading of postoperative pancreatic fistula 

as described elsewhere.1 Briefly, all patients had a drain 

amylase ＞3 times the upper limit of normal for serum 

with a clinically relevant alteration of the post-operative 

course. Biochemical leaks without a deviation from the 

normal post-operative course are not considered POPF. 

Grade B POPF indicates persistent drainage for ＞3 weeks, 

signs of infection, or a percutaneous, endoscopic, or an-

giographic procedure. Grade C POPF indicates organ fail-

ure, need for re-operation, or death. Patients were consid-

ered to have POPF only if they met the ISGPS criteria 

for grade B and C. Operative complications were stratified 

by the Clavien-Dindo classification system; all Clavien- 

Dindo class 2 through 5 were characterized as requiring 

intervention for their complications.21 Patient’s pre-oper-

ative comorbidities were scored using the Charlson-Deyo 

Index.

Lymphocyte counts were extracted from the medical re-

cord from standard complete blood counts (CBC) with 

differentials. Leukocytosis and lymphocyte count were de-

fined based on the clinical laboratory standard at Rhode 

Island Hospital with normal ranges of 4,000-11,000 l 

and 1,000-4,000/l respectively. Patients were defined as 

having persistent lymphopenia if the absolute lymphocyte 

count failed to normalize by POD #3.

R version 5.3.1 (The R Foundation for Statically Compu-

ting) was used for data analysis. A p-value of 0.05 was 

employed to define significance for all tests when reported. 

Continuous variables were analyzed by Mann Whitney U 

test and expressed as medians and ranges. Categorical var-

iables were analyzed by X2 test and expressed as absolute 

numbers and percentages. Univariate Cox proportional 

hazard regression was performed for patient, operative, 

and clinicopathologic data using POPF as the outcome. 

Initially multivariate Cox proportional hazard regression 

was then performed including all factors from the uni-

variate analysis. A backwards stepwise elimination of all 

non-significant variables was subsequently performed un-

til all remaining variables were significantly associated 

with POPF. This study was approved by the Rhode Island 

Hospital institutional review board, informed consent was 

waved for this retrospective review.
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Fig. 1. Flow chart of pancreatic 
leak patterns with sensitivity, 
specificity, positive predictive 
value and negative predicted 
value calculated.

RESULTS

201 patients underwent pancreaticoduodenectomy in the 

study period. 40 patients were excluded due to lack of 

lymphocyte counts. Of the remaining patients, 81 had 

lymphopenia and 80 had normal lymphocyte counts on 

POD #3. There were 17 POPF in patients with persistent 

lymphopenia which was significantly greater when com-

pared with the 7 POPF in patients with normal lympho-

cyte counts on POD #3 (p=0.032). Twenty-four patients 

(14.9%) developed ISGPS Grade B and C POPF. Persis-

tent lymphopenia had a sensitivity of 70.8% and a specif-

icity of 53.3%, as well a negative predictive value of 

91.3% and a positive predictive value of 21.0% for POPF 

(Fig. 1).

The median patient age was 67 years old with a range 

from 23 years old to 92 years old. The majority of pa-

tients (88/161, 54.7%) in this study were male, and pa-

tients with persistent lymphopenia were significant more 

likely to be male (p=0.033). Patients with POD #3 lym-

phopenia were significantly more likely to be lympho-

penic pre-operative (2% vs 17.2%, p=0.009). Just over 

half of patients (50.3%) demonstrated leukocytosis at 

POD #3. There was no significant difference in the pro-

portion of patients with POD #3 leukocytosis between pa-

tients with and without persistent lymphopenia. Further, 

there was no significant difference in the frequency with 

which patients received neo-adjuvant chemotherapy, nor 

was there a difference in the frequency with which pa-

tients underwent biliary drainage or stenting procedures. 

By Charlson-Deyo score the two cohorts had similar se-

verity of pre-operative comorbidities (Table 1). 

The most common indication for pancreaticoduodenec-

tomy was pancreatic adenocarcinoma (95/161 patients, 

59.0%), followed by peri-ampullary or ampullary adeno-

carcinoma (28/161 patients, 17.4%), and intraductal papil-

lary mucosal neoplasms (14/161 patients, 8.7%). Patients 

with and without persistent lymphopenia had similar pat-

terns of tumor types. Sixteen of the 161 patients (10%) 

underwent vascular resection at the time of their operation 

and 22 patients (13.7%) required intraoperative transfu-

sion. All patients in the study had prophylactic intra-peri-

toneal drains lefts at the time of their index operation. 

There were no significant differences in overall survival 

(OS) on Kaplan-Meier analysis with a median OS of 93.9 

months (IQR 21.7 months-upper limit undefined) in pa-

tients without persistent lymphopenia compared with 45.9 

(IQR 17.6 months to 120.8 months) in patients with per-

sistent lymphopenia (p=0.17) (Fig. 2A). When patients 

were subdivided into those with persistent lymphopenia, 

those that were initially lymphopenic but had count recov-

ery by POD# 3, and those that were never lymphopenic, 

there was similarly no significant difference in median OS 

at 49.5 months (IQR 15.0 monthsupper limit undefined), 

55.6 months (IQR 13.2 monthsupper limit undefined), 

and 93.9 (IQR 7.9 monthsupper limit undefined) re-
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Table 1. Clinical characteristics by lymphopenia

Variable
No lymphopenia

n=80 (%)
Persistent lymphopenia

n=81 (%)
p value

Age, median (years) [range] 65 [25-92] 67 [23-85] 0.156
Male sex 37 (46.3) 51 (63.0) 0.033
Charlson-Deyo Score, median [range] 4 [0-9] 4 [0-9] 0.753
Pre-operative lymphopenia 1 (2) 10 (17.2) 0.009
POD#3 leukocytosis 43 (53.8) 38 (46.9) 0.386
Neo-adjuvant therapy 4 (5) 5 (6.2) 0.746
Pre-operative stenting/drainage procedure 23 (28.75) 22 (27.2) 0.822
Tumor type 0.122
  Pancreatic adenocarcinoma 54 (66.7) 41 (50.6)
  Peri-ampullary/ampullary adenocarcinoma 13 (16.3) 15 (18.5)
  IPMN 3 (3.75) 11 (13.6)
  Inflammatory 2 (2.5) 2 (2.5)
  Other 8 (10) 12 (14.8)
Vascular resection 7 (8.8) 9 (11.1) 0.617
Lymphovascular invasion 37 (46.3) 41 (50.6) 0.579
Perineural invasion 48 (60) 52 (64.2) 0.583
Intraoperative Transfusion 8 (10.7) 14 (18.4) 0.177
Pancreatic duct diameter (mm), median [range] 5 [1.5-10] 4 [2-15] 0.594
Gland texture 0.837
  Soft 1 (50) 3 (33.3)
  Intermediate 0 (0) 1 (11.1)
  Firm 1 (50) 5 (55.6)

Fig. 2. Kaplan Meier analysis of (A) overall survival and (B) Progression free survival of pancreatic ductal adenocarcinoma 
by lymphopenia status.

spectively (p=0.28). Looking specifically at patients with 

pancreatic ductal adenocarcinoma, there was no signifi-

cant difference in progression free survival (PFS) with a 

median PFS of 18.9 months (IQR 11.4 months81.6 months) 

without persistent lymphopenia compared with 15.4 months 

(9.8 months39.7 months) with persistent lymphopenia 

(p=0.27) (Fig. 2B).

Using POPF as the outcome, univariate analysis was 

performed on a variety of patient, disease, and operative 

characteristics. Only POD#3 lymphopenia was significant-

ly associated with POPF. Subsequently multivariate analy-

sis with POPF as the outcome was performed with all var-
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Table 2. Univariate and multivariate analysis of clinical variables in relation to pancreatic leaks

Variable n
Univariate Multivariate

p value Hazard ration (CI) p value

Age ≥75 44 0.14
Male sex 88 0.38
Vascular resection 16 0.31
Intraoperative transfusion 22 0.45
EBL ＞400 73 0.63
Multiorgan resection 15 0.31
History of diabetes 50 0.84
Pre-operative stenting 61 0.95
Neo-adjuvant therapy 9 0.99
Pancreatic adenocarcinoma/chronic inflammation 99 0.66
Preoperative lymphopenia 11 0.094
POD#3 leukocytosis 81 0.746
POD#3 lymphopenia 81 0.039 2.57 (1.07-6.643) 0.039

CI, confidence interval; EBL, estimated blood loss; POD, post-operative day

iables from the univariate analysis employing a backwards 

stepwise elimination model. Following backward elimi-

nation, only POD #3 lymphopenia was independently as-

sociated with POPF (HR 2.57, 95% CI 1.07-6.64, p=0.039) 

(Table 2). There was no independent association of neo- 

adjuvant therapy, preoperative lymphopenia, or POD #3 

leukocytosis with POPF. Within the known predictors of 

POPF, there was no association with intraoperative blood 

loss or tumor type. There were not enough data points for 

gland texture or pancreatic duct diameter to be included 

in the univariate and multivariate analysis.

Overall, 54 of the 161 patients (33.5%) had no compli-

cations following their index operation. Another 33 pa-

tients (20.5%) had a minor complication that did not re-

quire major intervention (Clavien-Dindo class 1). Between 

patients with and without persistent lymphopenia, there 

was no significant difference in the number of patients 

without complications or a complication not requiring an 

intervention. Patients with persistent lymphopenia were 

significantly more likely to have a complication that re-

quired intervention (p＜0.001) (Table 3). The majority of 

complications requiring intervention were Clavien-Dindo 

class 2 (40/74 complications, 52.6%). In total, there were 

nine patients that suffered organ failure (5.6%) and six 

peri-operative deaths (3.7%). Of those patients that died, 

three were the result of hemorrhage, two were secondary 

to septic complications, and one was due to a pulmonary 

embolism. Perioperative deaths were not significantly dif-

ferent between patients with persistent lymphopenia com-

pared to those without at five and one deaths respectively 

(p=0.099).

There were significant differences in the number of pa-

tients that required a variety of interventions for their 

complications when comparing patients with and without 

persistent lymphopenia. Overall 42 patients (26.1%) re-

quired antibiotics to treat infection, with twice as many 

patients with persistent lymphopenia requiring antibiotics 

when compared to patients without persistent lymphope-

nia (28 patients vs 14 patients), which was statistically 

significant (p=0.014). Twelve total patients required re- 

operation for the management of a complication, includ-

ing eight patients with septic complications and four pa-

tients with hemorrhagic complications. Patients with per-

sistent lymphopenia were significantly more likely to re-

quire re-operation (10 patients) compared to patients with-

out persistent lymphopenia (2 patients) (p=0.017). Overall 

the median length of stay was 9 days, and patients with 

persistent lymphopenia had a one day longer median 

length of stay compared to patients without persistent 

lymphopenia, which was statistically significant (p=0.013). 

The number of patients with surgical drains present at dis-

charge, that required percutaneous drainage, and who were 

re-admitted within 30-days was similar between the two 

cohorts (Table 3).



Joshua T. Cohen, et al. Persistent lymphopenia predicts POPF  247

Table 3. (A) Comparison of complication by Clavien-Dindo classification between normal and persistently lymphopenic patients. 
(B) Comparison of adverse events between normal and persistently lymphopenic patients

Overall
No lymphopenia

n=80 (%)

Persistent 
lymphopenia

n=81 (%)
p value

(A) Complication
  None 54 31 (38.8) 23 (28.4) 0.160
  No intervention required
    Class 1 33 21 (26.3) 12 (14.8) 0.078
  Intervention required ＜0.001
    Class 2 40 16 (20) 24 (29.6)
    Class 3 19 9 (11.3) 10 (12.3)
    Class 4 9 2 (2.5) 7 (8.6)
    Class 5 6 1 (1.3) 5 (6.2)
(B) Management of complications
  Antibiotics 42 14 (17.5) 28 (34.6) 0.014
  Time to removal of surgical drain, 

  median (days) [range]
6 5 [3-29] 6 [3-28] 0.942

  Surgical drain present at discharge 108 52 (65.0) 56 (69.1) 0.576
  Percutaneous drainage 23 10 (12.5) 13 (16.0) 0.520
  Re-operation 12 2 (2.5) 10 (12.3) 0.017
  Hospital LOS, median (days) [range] 9 8 [2-42] 9 [5-133] 0.013
  ICU LOS, median (days) [range] 0 0 [0-11] 0 [0-120] 0.126
  30-day readmission 35 15 (18.8) 20 (24.7) 0.361

LOS, length of stay; ICU, intensive care unit

DISCUSSION

Given the variable practice patterns, frequency of POPF, 

and consequences of unrecognized POPF, there exists a 

need for early readily available markers. Here we demon-

strate that persistent lymphopenia on POD #3 is indepen-

dently associated with clinically relevant POPF. Perhaps, 

more importantly, we note that a normal lymphocyte count 

on POD #3 had over 91% negative predictive value for 

POPF. This result is likely due to a degree of immuno-

suppression, which has been well described following 

trauma, major operations, and the onset of sepsis.14,15,20,22

In response to major surgery, lymphocyte apoptosis in-

creases which can subsequently decrease the absolute lym-

phocyte count for the first 72-96 hours post-operatively.16,20,23 

Sepsis similarly leads to increase in CD-4 helper T-Cell 

and B-cell apoptosis in a time dependent progressive 

manner. That is, the longer sepsis is present the more pro-

found the degree of apoptosis becomes.18 When sepsis is 

superimposed on the initial insult of an operation, pro-

longed lymphopenia results with failure to replenish circu-

lating lymphocytes. This persistent immunosuppression 

has been linked to late mortality from sepsis.17,22

Even in the absence of sepsis, persistent lymphopenia 

has been associated with increased mortality at three 

weeks following a traumatic injury. Interestingly, here pa-

tients with early lymphopenia that recovered by post-in-

jury day 4 had similar survival to patients that were never 

lymphopenic; however, when analyzing patients that did 

die, this cohort had the longest time to death. This sug-

gests transient immune cell exhaustion and desensitization 

is likely protective, but with ongoing insults a persistent 

lymphopenic response becomes detrimental.16

In the present study, patients were not significantly 

more likely to die in the perioperative period with persis-

tent lymphopenia when compared to patients with normal 

lymphocyte counts on POD #3, and overall survival was 

not significantly different between the two groups. How-

ever, this may be due in part to the low event rate given 

there were only 6 total perioperative deaths. Indeed, pa-

tients with persistent lymphopenia accounted for 5 of the 

6 total perioperative deaths and had half as long median 

OS. Further, OS is likely clouded by underlying tumor bi-

ology and indication for pancreaticoduodenectomy.

These data run counter to reports of utilizing pre-oper-

ative neutrophil-to-lymphocyte ratios in the prediction of 
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overall- and disease free-survival following pancreatico-

duodenectomy for pancreatic adenocarcinoma.24 However, 

these studies examine pre-operative cell counts which re-

flect the immunomodulatory effects of the tumor itself 

rather than the post-operative counts which more likely 

reflect the pathologic insult of surgery and ongoing in-

flammation from POPFs. 

In patients with POPF, the ongoing enzymatic leak and 

superimposed inflammation and infection would act as a 

continuous insult leading to lymphocyte exhaustion and 

apoptosis. Given the limited role of lymphocytes in the 

first five days of wound healing it is unlikely that lympho-

penia would impact anastomotic integrity.25 Thus persis-

tent lymphopenia is more likely to act as a marker of im-

pending sepsis secondary to a POPF rather than a causa-

tive factor contributing to the development of a POPF. An 

assertion that is supported by the 2-fold increase in the 

need for antibiotics, a 5-fold increase in the need for 

re-operation observed in this study. 

Patients with lymphopenia were nearly 2.5 times more 

likely to develop a POPF when compared to patients with-

out persistent lymphopenia. This finding is independent of 

pre-operative lymphopenia as well as leukocytosis at the 

same time point. Patients with persistent lymphopenia had 

a 170% increase in the rate of complications that required 

intervention and a one day increase in the median length 

of hospitalization. We were unable to stratify these pa-

tients based on their Fistula Risk Score, as duct diameter 

and gland texture were not routinely dictated in operative 

notes, which is a limitation of this study. 

Although all of the patients included here had prophy-

lactic intraperitoneal drains left at the time of their pan-

creaticoduodenectomy, extrapolating from these data there 

may be a readily available early marker for the develop-

ment of POPF in patient where no drain was left and thus 

no drain amylase is available for testing. Using persistent 

lymphopenia as a marker for POPF has a negative pre-

dictive value of just over 91%, which is a useful data 

point in the evaluation of an often complex post-pan-

creaticoduodenctomy patient deviating from the normal 

post-operative course, especially when no drain amylase 

is available. In addition to the pancreatic Fistula Risk 

Score, there was recently a nomogram for predicting clin-

ically relevant POPF.26 As these tools are refined and be-

come available, it is likely that selective draining will be-

come more commonplace and the early recognition of 

POPF will be critical to prevent delays in management. 

In these patients, persistent lymphopenia could prompt 

early diagnostic imaging studies allowing for early percu-

taneous or endoscopic interventions, ultimately preventing 

the need for emergent re-operative interventions. Further, 

identifying a patient cohort at risk of developing clinically 

significant POPF could avoid inappropriately early dis-

charges and prevent the readmission of patients in 

extremis. Unfortunately, in the current study, duct diame-

ter and gland texture were only available in a small num-

ber of cases, so we were unable to stratify the negative 

predictive value of lymphopenia by Fistula Risk Score.

Further, while early drain amylase is promising, it is 

limited in the number of patients that can be identified 

for early drain removal. For example, Seykora et al.11 pro-

posed a drain amylase cut-off of ≤150 IU/L for drain re-

moval on POD#3 for a negative predictive value of 

96.6%. However, at this cut-off there is only a 36.6% spe-

cificity, which leaves a large cohort of patients with 

drains in place that will not go onto develop POPF. 

Serene et al.2 improved specificity to 56% by combining 

POD #1 and POD #3 drain amylase, which is similar to 

the specificity we report here. As early drain removal be-

comes prevalent, persistent lymphopenia may become an 

important indicator of POPF after drain removal when 

drain amylase is no longer available. Additionally, com-

bining persistent lymphopenia with drain amylase may al-

low for early removal of surgical drains at a higher drain 

amylase threshold by improving specificity for clinically 

relevant POPF, although prospective validation is required.

Drain amylase was not routinely checked on POD #3 

at our institution during the study period, though it has 

since been adopted. We are therefore unable to comment 

on the sensitivity and specificity of combining drain amy-

lase and persistent lymphopenia beyond that a combina-

tion holds the potential for improved prognostic capa-

bility. This study is further limited as drain management 

was not standardized and was left to the discretion of the 

five operating surgeons contributing to the study. Additio-

nal studies would be required but combining persistent 

lymphopenia with drain amylase levels on POD #3 has 

the potential to liberalize the drain amylase cut-off im-

proving specificity and positive predictive value while 

maintaining the negative predictive value. 
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In conclusion persistent lymphopenia following pan-

creaticoduodenectomy is independently associated with 

POPF likely owing to the immunosuppressive effects of 

impending sepsis. As such, persistent lymphopenia can act 

as an adjunct to drain amylase in the early detection and 

management of clinically relevant POPF when an intra-

peritoneal drain is present. Further, persistent lymphope-

nia holds the potential to act as a readily available early 

marker of developing POPF in patients where no intra-

peritoneal drain is present. Prospective validation in pa-

tients and with and without intraperitoneal drains is an im-

portant next step in fully elucidating the potential of per-

sistent lymphopenia as a predictor of POPF.
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