
Research Article

Dig Surg 2021;38:166–174

Albumin Difference as a New Predictor of 
Postoperative Complications following 
Pancreatectomy

Jian Shen 

a    Feng Guo 

a    Yan Sun 

a    Dianyun Ren 

a    Jingyuan Zhao 

a    Jin Hu 

b    

Yushun Zhang 

a    Xin Jin 

c    Heshui Wu 

a

aDepartment of Pancreatic Surgery, Union Hospital, Tongji Medical College, Huazhong University of Science and 
Technology, Wuhan, China; bDepartment of Breast and Thyroid Surgery, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan, China; cCancer Center, Union Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan, China

Received: July 15, 2020
Accepted: November 17, 2020
Published online: February 1, 2021

Heshui Wu
Department of Pancreatic Surgery, Union Hospital, Tongji Medical College
Huazhong University of Science and Technology
1277 Jiefang Avenue, Wuhan 430022 (China) 
heshuiwu @ hust.edu.cn 

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/dsu

DOI: 10.1159/000513223

Keywords
Pancreas surgery · Complications · Predictors · Albumin · 
Fluid transfusion

Abstract
Background: Postoperative complications after pancreatec-
tomy are a challenging problem due to their high incidence 
and serious consequences. The majority of studies have fo-
cused on a specific complication, but data on predictors of 
overall postoperative complications (OPCs) are limited. 
Methods: The data of patients who underwent pancreatec-
tomy at a single institute between 2017 and 2019 were ana-
lyzed retrospectively. Univariate and multivariate logistic re-
gression were used to investigate predictors of the out-
comes of interest. The Clavien-Dindo classification and 
comprehensive complication index (CCI) were used to assess 
postoperative complications and the severity of postopera-
tive complications. The relationship between predictors and 
the CCI was evaluated by linear regression. Results: A total 
of 490 patients were divided into a training group (n = 339) 
and a validation group (n = 151). The rate of OPCs was 
44.25%. Fluid transfusion and albumin difference (AD) were 
predictors of OPCs. AD showed a good discrimination  

(AUC = 0.70) and good calibration in the validation cohort. 
AD was associated with complications, including pancreatic 
fistula, intra-abdominal hemorrhage, intra-abdominal infec-
tion, delayed gastric emptying, and re-intervention, and was 
positively correlated with complication severity. Intraopera-
tive blood loss and preoperative albumin were independent 
predictors of AD. Conclusions: AD, a variable that reflects 
dynamic physiological changes is a new and accessible pre-
dictor of OPCs following pancreatectomy.

© 2021 S. Karger AG, Basel

Introduction

An increasing trend in the incidence of pancreatic 
neoplasms has occurred in recent years [1, 2]. Surgical 
resection remains the only potentially curative treatment 
for neoplasms and pancreatic surgery is increasingly per-
formed [3]. Although great progress has been made in 
medical management, pancreatic surgery remains one of 
the most high-risk procedures with an incidence of over-
all postoperative complications (OPCs) of up to 70% [4, 
5] and a 90-day postoperative mortality rate of up to 10% 
in a low-volume center [6]. The occurrence of OPCs can 
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increase not only the economic burden and workload but 
also psychological pressure. Pancreatic surgeons must 
maintain a high level of vigilance to ensure an uneventful 
postoperative course for the patients. Postoperative pan-
creatic fistula (POPF), abdominal hemorrhage, sepsis, 
and intra-abdominal collections are common OPCs [7, 
8]. POPF has attracted much attention from researchers, 
and the majority of current predictors are mainly based 
on distal pancreatectomy (DP) or pancreaticoduodenec-
tomy (PD). The predictors of OPCs after pancreatectomy 
are a topic of continuing interest and could help doctors 
stratify patients and make clinical decisions [7].

Serum albumin is a widely used clinical indicator and 
is generally considered to be a useful marker of the liver 
function and nutritional status. The preoperative serum 
albumin level was demonstrated to be closely associated 
with OPCs; however, with changes in quality of life and 
progress in perioperative management, preoperative hy-
poproteinaemia is no longer a concern, especially in elec-
tive major surgery. However, the albumin difference 
(AD) is associated with postoperative complications [7, 
9] and evidence on the relationship between the AD and 
OPCs following pancreatic surgery is scarce. This study 
aimed to evaluate the value of ADs for predicting OPCs 
following the pancreatic surgery.

Materials and Methods

Patient Population
The electronic medical records of patients who underwent 

pancreatic surgery between 2017 and 2019 at a single institution 
were retrospectively analyzed. The cohort included patients un-
dergoing DP or PD. Patients were excluded if they met one of 
the following criteria: complicated by chronic organ insufficien-
cy; total pancreatectomy or segmental pancreas resection; 
younger than 18 years; history of pancreatectomy; and presence 
of infection at admission. The patients were divided into 2 co-
horts: the training cohort included patients diagnosed in 2017, 
and the validation cohort contained patients from 2018 to 2019. 
Written informed consent forms were obtained before the op-
eration.

Data Collection and Definition
The primary end point of this study was OPCs, and OPCs were 

defined as any deviation from the normal postoperative course, 
which also includes some asymptomatic complications such as ar-
rhythmia [10]. The records were examined manually, and data on 
patient demographics, medical history, biochemical markers, in-
traoperative variables, and OPCs were collected. The following 
main OPCs were identified: POPF, readmission, intra-abdominal 
hemorrhage, pneumonia, reintervention, intra-abdominal infec-
tion, reoperation, and delayed gastric emptying. The Clavien-Din-
do classification (CDC) was used to stratify OPCs. The compre-
hensive complication index (CCI), a continuous scale used to mea-

sure OPCs, was calculated for each patient via the online tool 
provided at https://www.assessurgery.com/[11].

The prognostic nutritional index (PNI) was calculated on the 
basis of admission data as follows: 10 × serum albumin (g/dL) + 
0.005 × total lymphocyte count (per mm3) [12]. The AD was de-
fined as the level of preoperative albumin minus the level of post-
operative albumin on the postoperative day (POD) 1 [7]. POPF, 
intra-abdominal hemorrhage, and delayed gastric emptying were 
classified according to the 2016, 2007, and 2007 International 
Study Group of Pancreatic Surgery guidelines, respectively. Re-
intervention refers to various interventions, including endoscopy, 
intervention, or minor surgery, that need to be performed under 
local anesthesia [11]. Reoperation refers to an unplanned opera-
tion carried out under general anesthesia due to an OPC [11]. In-
fection was diagnosed by clinical features or microbiologic confir-
mation. Readmission was defined as unplanned return to hospital 
within 90 days of surgery. The fluid balance was defined as total 
fluid input minus total fluid output.

Perioperative Management
Routine blood tests and imaging examinations were performed 

preoperatively. Physiological and psychological adjustments were 
made for all patients. Antibiotic prophylaxis was given half an hour 
before the operation. The surgical approaches, including open or 
minimally invasive surgery, were carried out by surgeons with ex-
tensive experience in pancreatic surgery, and specific surgery prin-
ciples and guidelines were followed. The Child’s type digestive 
tract reconstruction technique and an end-to-side duct-to-mucosa 
pancreaticojejunostomy were performed in patients who under-
went PD. DP was performed when the tumor was located at the 
body or tail of the pancreas. Except for artificial blood vessels, no 
additional biological materials were used. Routine peritoneal 
drainage tubes were placed near the stump or anastomosis.

Gastric acid suppression was routinely administered, while so-
matostatin and its analogs were not. Additional tests or examina-
tions were performed when a possible complication was suspected. 
Early oral intake, ambulation, and withdrawal of drainage tubes 
were recommended. Patients in good clinical condition but with a 
high concentration of amylase in the drainage fluid were dis-
charged home with drainage tubes, which were removed during 
their follow-up when the fistula had disappeared. The patients 
were followed up for at least 90 days.

Statistical Analysis
Normally distributed data were presented as means and stan-

dard deviations and evaluated by t tests; nonnormally distributed 
data were presented as medians and interquartile ranges and com-
pared with the Mann-Whitney test; categorical variables were ex-
pressed as frequencies and analyzed with the χ2 or Fisher’s exact 
test. Variables with p < 0.10 were incorporated into the multivari-
able logistic regression analysis, and the results were expressed as 
odds ratios (ORs) with 95% confidence intervals (CIs). In order to 
discriminate patients with and without the outcome of interest, the 
optimal cutoff value of continuous variable was calculated by Cut-
off Finder [13]. The correlations between the AD and CCI were 
evaluated by linear regression models. Statistical analysis was car-
ried out using SPSS (version 22; IBM Corp., Armonk, NY, USA) 
and R software (version 3.6.2). p < 0.05 were considered statisti-
cally significant.
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Table 1. Relationship between clinicopathologic characteristics and OPCs

Variables Overall 
(n = 339)

OPCs Univariate 
analysis

Multivariate analysis

no (n = 189) yes (n = 150) p value OR (95% CI) p value

Age, years 54.42±12.53 54.67±12.52 54.11±12.58 0.683
BMI, kg/m2 22.53±3.29 22.39±3.38 22.70±3.18 0.382

Sex
Female 157 82 75 0.225
Male 182 107 75

Smoking
Yes 95 55 40 0.620
No 244 134 110

Drinking
Yes 69 38 31 0.893
No 270 151 119

Diabetes
Yes 43 20 23 0.250
No 296 169 127

Hypertension
Yes 83 45 38 0.746
No 256 144 112

Epigastric operation history
Yes 67 40 27 0.467
No 272 149 123
Preoperative albumin, g/L 38.99±5.20 38.91±5.12 39.09±5.31 0.714
Preoperative glucose, mmmol/L 5.28 (4.70–6.30) 5.28 (4.70–6.32) 5.27 (4.70–6.30) 0.988
Preoperative total bilirubin, μmol/L 13.30 (9.00–30.60) 13.20 (8.75–29.85) 13.30 (9.47–30.70) 0.393

Preoperative biliary drainage
Yes 325 183 142 0.321
No 14 6 8
Preoperative white blood cell, 1012/L 5.76±1.92 5.75±1.86 5.77±1.98 0.914
Operative time, min 294.01±94.12 287.10±91.82 302.72±96.53 0.129
PNI 46.57±6.91 46.63±6.97 46.51±6.86 0.018
Pancreas duct size, mm 2.62 (2.03-4.30) 2.62 (1.99–4.39) 2.63 (2.03–4.20) 0.537
Intraoperative red cell transfusion, U 0 (0–2) 0 (0–0.75) 0 (0–3) 0.046
Fresh frozen plasma infusion, mL 0 (0–0) 0 (0–0) 0 (0–150) 0.015
Intraoperative blood loss, mL 460.00 (350.00–650.00) 450.00 (350.00–600.00) 500.00 (350.00–700.00) 0.119
Intraoperative urine output, mL 800.00 (550.00–1,275.00) 800 (550–1,225) 850 (650–1,300) 0.142
Total fluid input, mL 4,000 (3,200–5,400) 4,000 (3,200–5,000) 4,400 (3,100–6,037) 0.047 2.407 (1.330–4.358) 

(>5,850 mL)
0.004

Total fluid output, mL 1,300 (1,000–1,900) 1,300 (995–1,850) 1,350 (1,050–2,055) 0.090
Fluid balance, mL 2,700 (1,950–3,700) 2,620 (1,955–3,385) 2,705 (1,900–4,193) 0.192

Surgical procedure
Minimally invasive surgery 96 58 38 0.277
Laparotomy 243 131 112

Pancreas texture
Soft 149 75 74 0.075
Hard 190 114 76
Tumor size, cm 3.50 (2.17–5.00) 3.50 (2.15–4.55) 3.50 (2.10–5.00) 0.481
Total resected lymph node 10.00 (5.00–17.00) 10.00 (5.00–18.00) 10.00 (5.00–16.00) 0.305

Pathology
Pancreatic cancer and chronic pancreatitis 182 94 88 0.101
Other 157 95 62

Tumor location
Pancreatic head 193 107 86 0.894
Pancreatic body and tail 146 82 64
AD, g/L 11.18±4.59 9.66±4.07 13.08±4.51 <0.001 3.824 (2.584–6.438)

(>11.50 g/L)
<0.001

CI, confidence interval; OR, odds ratio; PNI, prognostic nutritional index; AD, albumin difference; OPCs, overall postoperative complications.
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Table 2. Clinicopathological correlations of patients classified by AD

Variables Overall (n = 339) AD Univariate 
analysis

Multivariate analysis

≤11.50 g/L 
(n = 192)

>11.50 g/L 
(n = 147)

p value OR (95% CI) p value

Age, years 54.42±12.53 54.89±12.06 53.80±13.13 0.429
BMI, kg/m2 22.53±3.29 22.37±3.47 22.74±3.05 0.300

Sex
Female 157 84 73 0.280
Male 182 108 74

Smoking
Yes 95 54 41 0.962
No 244 138 106

Drinking
Yes 69 39 30 0.983
No 270 153 117

Diabetes mellitus
Yes 43 20 23 0.152
No 296 172 124

Hypertension
Yes 83 47 36 0.998
No 256 145 111

Epigastric operation history
Yes 67 42 25 0.265
No 272 150 122
Preoperative glucose, mmol/L 5.28 (4.70–6.30) 5.23 (4.70–6.30) 5.43 (4.68–6.50) 0.394

Preoperative jaundice
Yes 113 66 47 0.642
No 226 126 100

Preoperative biliary drainage
Yes 14 10 4 0.254
No 325 182 143
Preoperative albumin, g/L 38.99±5.20 38.04±5.23 40.24±4.90 <0.001 1.101 (1.049–1.156) <0.001
Operative time, min 294.01±94.12 287.10±89.44 303.04±99.49 0.122
Pancreas duct size, mm 3.51±2.31 3.47±2.15 3.55±2.51 0.758

Intraoperative red cell transfusion
Yes 96 50 46 0.331
No 243 142 101

Fresh frozen plasma infusion
Yes 75 39 36 0.360
No 264 153 111

Intraoperative blood loss (>695 mL)
Yes 77 32 45 0.002 1.905 (1.060–3.423) 0.031
No 262 160 102
Intraoperative urine output, mL 800.00 (600.00–1250.00) 800.00 (600.00–1300.00) 800.00 (600.00–1200.00) 0.703

Total fluid input (> 6,100 mL)
Yes 56 21 35 0.002
No 283 171 112

Total fluid output (> 1,175 mL)
Yes 206 109 97 0.085
No 133 83 50

Fluid balance (> 4,225 mL)
Yes 53 22 31 0.016
No 286 170 116

Surgical procedure
Minimally invasive surgery 96 59 37 0.260
Laparotomy 243 133 110

Pancreas texture
Soft 149 83 66 0.759
Hard 190 109 81
Tumor size 3.50 (2.17–5.00) 3.20 (2.00–4.50) 3.50 (2.50–5.00) 0.119
Total resected lymph node 10.00 (5.00–17.00) 9.00 (4.00–18.00) 10.00 (5.00–17.00) 0.690

Pathology
Pancreatic cancer and chronic pancreatitis 182 104 78 0.840
Other 157 88 69

Tumor location
Pancreatic head 193 111 82 0.741
Pancreatic body and tail 146 81 65

AD, albumin difference.
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Results

A total of 512 patients were identified, and 22 patients 
were excluded: 7 for chronic renal insufficiency, 2 for 
chronic cardiac insufficiency, 9 for a pancreatectomy 
history, 2 for total pancreatectomy, and 2 due to age 
younger than 18 years. Finally, 490 patients were includ-
ed in the final analysis; 339 patients were assigned to the 
training group and 151 were assigned to the validation 
group.

In the training group, a total of 150 (44.25%) patients 
experienced OPCs, among which 26 (7.67%), 68 (20.06%), 
37 (10.91%), 16 (4.72%), and 3 (0.89%) patients presented 
CDC I, II, III, IV, and V complications, respectively. 
Three deaths were observed after surgery, 2 for POPF-
related complications, and one for acute bleeding.

Clinicopathologic Characteristics of Patients in the 
Training Group
Among the 339 patients, 182 were male and 157 were 

female with an average age of 54.42 ± 12.53 years and a 
BMI of 22.53 ± 3.29 kg/m2. The most common comorbid-
ity was hypertension (24.48%). A total of 19.76% of the 
patients had a history of epigastric operation. A total of 
193 (56.93%) patients underwent PD and 146 (43.07%) 
patients underwent DP. The median tumor size was 3.50 

cm. The mean level of DA was 11.18 ± 4.59 g/L. Clinico-
pathologic characteristics are shown in Table 1.

Univariate and Multivariate Regression Analysis of 
Predictive Factors
Variables suggested previously or thought to be clini-

cally important were included in this analysis. As shown 
in Table 1, PNI (p = 0.018), intraoperative red cell trans-
fusion (p = 0.046), fresh frozen plasma infusion (p = 
0.015), total fluid input (p = 0.047), and AD (p < 0.001) 
may be associated with OPCs according to the univariate 
analysis.

The optimal cutoff value of the AD and total fluid in-
put for predicting OPCs were 11.50 g/L and 5,850 mL. 
Those variables were entered into the logistic regression 
analysis using a stepwise backward method. Finally, total 
fluid inputs (>5,850 mL, OR = 2.407, 95% CI: 1.330–
4.358, p = 0.004) and AD (>11.50 g/L, OR = 3.824, 95% 
CI: 2.584–6,438, p < 0.001) were independently correlated 
with OPCs. The C statistic was 0.73, and a moderate pre-
dictive ability was shown.

Associations between AD and Clinicopathological 
Variables
To clarify which clinicopathological variables are re-

lated to DA, the relationship between them was assessed. 

Fig. 1. The ROC curve and calibration curve of the AD. a The AUC under the ROC curve was 0.70. b The cali-
bration curve of the DA showed accurate predictive ability. AD, albumin difference.
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Of all 339 patients, 147 patients (43.36%) had AD > 11.50 
g/L. The results suggested that preoperative albumin (p < 
0.001), intraoperative blood loss (p = 0.002), total fluid 
input (p = 0.002), and fluid balance (p = 0.016) may be 
associated with higher AD. The details are shown in Ta-
ble  2. The logistic regression showed that blood loss  
(> 695 mL, OR = 1.905, 95% CI: 1.060–3.423, p = 0.031) 
and preoperative albumin (OR = 1.101, 95% CI: 1.049–
1.156, p < 0.001) were independently associated with AD.

Internal Validation of the Cutoff Value of AD
The performance of the cutoff value of AD was further 

validated in our validation dataset (Fig. 1). Patients were 
divided into 2 groups based on the cutoff value of 11.50 
g/L of AD. The AUC was 0.70, showing good discrimina-
tion ability (Fig.  1a). The calibration curves displayed 
good concordance between the prediction and actual ob-
servations (Fig. 1b). The result indicated that the cutoff 
value of AD may be used to predict the occurrence of 
OPCs.

Subgroup Analysis of Complications
Delayed gastric emptying (19.47%), POPF (17.40%), 

intra-abdominal infection (16.22%), and intra-abdomi-
nal hemorrhage (9.14%) were the most common OPCs. 
The relationship between the AD and the main OPCs was 
analyzed to further understand whether the AD is related 

to specific OPCs. Analysis revealed that delayed gastric 
emptying, pancreatic fistula, intra-abdominal hemor-
rhage, intra-abdominal infection, and re-intervention oc-
curred more frequently when the AD value was >11.50 
g/L (p < 0.05) (Table 3).

AD and Complication Severity
We further evaluated the correlation between AD and 

complication severity. The CDC and CCI, which are used 
to evaluate postoperative complication severity, were in-
cluded in this study. Patients with any CDC grade com-
plication were more inclined to present a higher AD (pa-
tients with grade V complications were not included due 
to their limited size) (shown in Fig. 2a). A small but sig-
nificant positive correlation between the AD and the CCI 
was found (R = 0.28, p < 0.001, shown in Fig. 2b).

Discussion

Pancreatectomy remains a challenging procedure with 
substantial potential for OPCs. The incidence of OPCs was 
44.25% in this study; delayed gastric emptying occurred 
most frequently (19.47%), followed by POPF (17.40%), in-
tra-abdominal infection (16.22%), and intra-abdominal 
hemorrhage (9.14%). The PNI, an effective prognostic fac-
tor in several cancers [12] was not a predictor of OPCs. AD 

Fig. 2. AD and complication severity. a The associations between AD and CDC grade (***p < 0.001). b The re-
lationship between AD and CCI. CDC, Clavien-Dindo classification; AD, albumin difference; CCI, comprehen-
sive complication index.
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was evaluated as a potential predictive factor for OPCs in 
patients after pancreatic surgery and is positively correlated 
with the severity of OPCs. Subgroup analysis revealed that 
AD was associated with delayed gastric emptying, pancre-
atic fistula, intra-abdominal hemorrhage, intra-abdominal 
infection, and re-intervention (p < 0.05).

Many studies have been conducted to reduce the inci-
dence of postoperative complications. Some studies em-
phasized the importance of high-volume centers [6], some 
studies focused on the intraoperative supply cost [5], and 
some paid attention to the management of pancreatic anas-
tomosis or the pancreatic stump [14, 15]. Risk stratification 
can play an important role in medical decisions, as doctors 
can make optimal strategies to prevent OPCs and improve 
patient care [16]. In regard to OPCs after pancreatic sur-
gery, many doctors tend to first think of POPF. There is no 
doubt that POPF has attracted the attention of scholars, and 
numerous predictors of mitigation measures for POPF 
have been suggested [7, 16]. Other OPCs, such as delayed 
gastric emptying, intra-abdominal infection, and intra-ab-
dominal hemorrhage, can also have serious effects on pa-
tients. Attention has previously been centered on either a 
single complication or single operation type [16], and few 
studies have focused on the overall OPCs of pancreatic sur-
gery [16]. A recent study indicated that the level of C-reac-
tive protein on POD 3 and POD 5 was a predictor of OPCs 
after PD. However, it cannot predict the occurrence of 
OPCs in the first 3 days after surgery [17]. Perianastomotic 
fluid collection after PD was suggested to be a risk factor for 
OPCs, but it may also be a result of OPCs [18]. In this study, 
the predictors may help physicians screen high-risk pa-
tients on POD 1. Intraoperative fluid transfusion and AD 
were identified as independent predictors of OPC risk.

Liquid therapy plays an important role in medical 
practice; however, excessive intraoperative fluid transfu-
sion is associated with undesirable outcomes after various 
surgeries [19]. Our study is in line with previous studies. 
Reduced short-term complications following elective 
surgery were observed in patients treated with restrictive 
fluid management [19]. A retrospective study of 211 pa-
tients with DP demonstrated that excessive intraopera-
tive fluid infusion was correlated with POPF [7]. Exces-
sive fluid infusion also reported to have significant effects 
on outcomes following PD [20]. A higher frequency of 
cardiopulmonary complications in patients treated with 
excessive fluid was also reported [21]. Fluid transfusion is 
associated with cellular swelling, which impairs the cel-
lular immunological function [22] and tissue healing 
[21]. A relationship was found between fluid overload 
and the blood coagulation state, and excessive intraop-
erative fluid may promote bleeding due to dilution of an-
ticoagulants [19]. Other side effects of excessive intraop-
erative fluid transfusion include volume overload, tissue 
edema, tissue anoxia, and acidosis [7].

The results suggested that AD is an accessible and use-
ful predictor of short-term outcomes in patients who un-

Table 3. Relationship between AD and postoperative complications

Complications Incidence, 
%

AD p value

≤11.5 
(n = 192)

>11.5 
(n = 147)

Pancreatic fistula
Yes 17.40 15 44 <0.001
No 82.60 177 103

Intra-abdominal hemorrhage
Yes 9.14 11 20 0.014
No 90.16 181 127

Intra-abdominal infection
Yes 16.22 22 33 0.007
No 83.78 170 114

Delayed gastric emptying
No 80.53 162 111 0.038
A 12.68 19 24
B 5.02 6 11
C 1.77 5 1

Pneumonia
Yes 5.31 7 11 0.118
No 94.69 185 136

Re-intervention
Yes 8.55 10 19 0.012
No 91.45 182 128

Reoperation
Yes 4.13 6 8 0.288
No 95.87 186 139

Readmission
Yes 5.60 7 12 0.073
No 94.40 185 135

Clavien-Dindo classification
0 55.75 133 56 <0.001
I 7.67 13 13
II 20.06 23 45
IIIa 8.85 12 18
IIIb 2.06 3 4
IVa 2.36 4 4
IVb 2.36 2 6
V 0.89 2 1

AD, albumin difference.
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dergo pancreatectomy. Patients with higher AD were 
more likely to experience uneventful postoperative 
course. In our validation dataset, AD with a cutoff value 
of 11.5 g/L showed a good discrimination and calibration 
ability. Preoperative hypoalbuminemia was suggested to 
be a risk factor for OPCs [9]. However, no difference in 
preoperative albumin was found between the 2 groups in 
our study. The mean level of AD in this study was 11.18 
± 4.59 g/L, which is consistent with the previously report-
ed 10–15 g/L [9]. Previous studies have demonstrated 
that a higher AD was associated with POPF [7]. As the 
most abundant protein in blood, albumin plays an impor-
tant role in the prevention of abnormal fluid distribution, 
which has been confirmed as a risk factor for complica-
tions after pancreatic surgery [24]. As albumin exists in 
the blood, it is easy to understand why blood loss was as-
sociated with AD. In this study, patients with higher pre-
operative albumin level tends more to experience higher 
AD, and the specific reason is still unidentified [9]. May-
be the body’s compensation mechanism will not work 
until the serum albumin drops to a certain level. A higher 
AD may not be simply attributed to hemodilution. Al-
though the total fluid input and fluid balance was corre-
lated with AD in univariate analysis, they were not inde-
pendent predictors of AD in the multivariate regression 
analysis (p > 0.05). As a negative acute-phase protein, the 
half-life of albumin shortens and the levels of plasma al-
bumin decreases during the acute disease phase [23]. A 
higher AD may also be attributed to increased catabolism, 
decreased synthesis, an increased trans-capillary escape 
rate, and abnormal distribution [9, 23]. Unlike the major-
ity of the predictors that reflect the physiological state at 
a certain moment, AD reflects the physiological dynamic 
changes brought by the operation, and this change may 
be a manifestation of the body’s reserve function.

The CDC is a widely used tool for the assessment of 
disease severity. In this study, patients with OPCs tended 
to have a higher AD than patients without OPCs. How-
ever, no significant differences in AD were found among 
grade I-IV OPCs. As it is known, the CDC considers only 
the most serious complication, and other minor OPCs 
were ignored [11]. However, in clinical practice, patients 
with multiple OPCs after surgery are very common. The 
CCI, a continuous scale, focuses on all OPCs in individ-
ual patients [11]. In this study, a small but significant pos-
itive linear relationship between the CCI and the AD was 
found (R = 0.28, p < 0.001), which suggests that the AD is 
correlated with the severity of OPCs.

There are some limitations in this study. First, some bias, 
such as potential bias in the selection of information and 

patients, cannot be eliminated, as it was a retrospective study 
conducted at a single institution. Second, only the 2 most 
commonly used surgical procedures, PDs and DPs, were in-
cluded in the study, which may limit its application value in 
other surgical methods, such as tumor enucleation and cen-
tral pancreatectomy. Third, the sample size was limited, and 
further studies are needed. In addition, some data not in-
cluded in the study may be important factors for OPCs.

Conclusions

Although pancreatectomy can be performed with a 
low rate of mortality, OPCs remain common. AD and to-
tal fluid input were independent risk factors for OPCs in 
patients who underwent pancreatectomy. AD as a new 
predictor of OPCs was associated with delayed gastric 
emptying, pancreatic fistula, intra-abdominal hemor-
rhage, intra-abdominal infection, and re-intervention, 
and was positively correlated with complication severity. 
Patients with higher AD should be regarded as a high risk 
group for OPCs and appropriate interventions should be 
taken. Intraoperative blood loss and preoperative albu-
min were independent predictors of AD. Due to the lim-
itations of the study, further study should be carried out.
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