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Abstract
Background: This study investigated the incidence of post-hepatectomy hypoalbuminemia and
the necessity of Intravenous Albumin (ALB) supplement for hypoalbuminemia after Laparoscopic
Hepatectomy (LH).
Methods: Nine hundred and eighty patients with Open Hepatectomy (OH) and 198 patients with
LH were matched on the propensity score by 2:1. The incidences of postoperative hypoalbuminemia
and the usage of ALB injection on different Postoperative Days (POD) were compared.
Preventive and risk factors of hypoalbuminemia were screened by logistic regression. Receiver
Operator Characteristic (ROC) curve and nomogram were established to predict postoperative
hypoalbuminemia.
Result: 175 patients of LH and 296 patients of OH were matched. The usage of ALB injection was
significantly lower in the LH group than those in the OH group (60.0 vs. 75.3%, P=0.000; 6.71 ±
6.99 vs. 8.62 ± 7.18 g, P=0.005). The incidences of postoperative hypoalbuminemia in the LH group
were significantly lower than those in the OH group (62.3 vs. 78.4% (P=0.000) on POD 1, 51.4
vs. 71.6% (P=0.000) on POD 3, 37.1 vs. 51.4% (P=0.003) on POD 5, and 27.4 vs. 39.9% (P=0.006)
on POD 7). Preoperative serum ALB level and Serum Alanine Aminotransferase (ALT) level was
identified as independent protective and risk factor of hypoalbuminemia after LH, respectively.
Preoperative serum ALB level below 42.95 g/L and serum ALT level above 28.50 U/L were identified
as the reliable cut-off value to predict postoperative hypoalbuminemia after LH. A nomogram for
predicting the probability of hypoalbuminemia after LH was established.
Conclusion: LH with a reduced intravenous ALB supplement was still associated with a lower
incidence of postoperative hypoalbuminemia.
Keywords: Laparoscopic hepatectomy; Hypoalbuminemia; Albumin

Abbreviations
ALB: Albumin; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI:
Body Mass Index; Cr: Creatinine; HGB: Hemoglobin; LH: Laparoscopic Hepatectomy; LNHP:
Laparoscopic Non-Hemihepatectomy Group; LHP: Laparoscopic Hemihepatectomy Group; OH:
Open Hepatectomy; OHP: Open Hemihepatectomy Group; ONHP: Open Non-Hemihepatectomy
Group; OALP: Patients without Albumin Supplement after Laparoscopic Hepatectomy Group;
OAOP: Patients without Albumin Supplement after Open Hepatectomy Group; POD: Postoperative
Days; Preop: Preoperative; PLT: Platelet; ROC: Receiver Operator Characteristic; TB: Total
Bilirubin; WALP: Patients with Albumin Supplement after Laparoscopic Hepatectomy Group;
WAOP: Patients with Albumin Supplement after Open Hepatectomy Group

Introduction
Hepatectomy is a primary treatment for benign and malignant liver diseases [1,2].
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Hypoalbuminemia is still a common complication that is caused
by impairment of Albumin (ALB) synthesis or loss of ALB after
hepatectomy [3-5]. In adults, hypoalbuminemia is defined as an
intravascular serum ALB level below 35 g/L [6], with an incidence
of approximately 70% in patients received hepatectomy [7].
Hypoalbuminemia is reported to significantly increase postoperative
complications, including deep vein thrombosis, pulmonary
embolism, superficial and deep surgical site infection [8], which are
further associated with higher mortality, more extended hospital
stay, and increased readmitting [9]. With the advent of laparoscopic
technology, Laparoscopic Hepatectomy (LH) has now been implicated
to improve liver surgery with reduced operative blood loss, less
postoperative pain, and shorter length of hospital stay [10]. Previous
studies have reported that the serum ALB level of patients received
LH was more stable than who received Open Hepatectomy (OH)
[11-14]. However, whether LH decreased neither the incidence of
postoperative hypoalbuminemia nor the risk factors of postoperative
hypoalbuminemia after LH has not yet been investigated.

matching, the patients were further stratified into Laparoscopic NonHemihepatectomy Group (LNHP), Open Non-Hemihepatectomy
Group (ONHP), Laparoscopic Hemihepatectomy Group (LHP),
Open Hemihepatectomy Group (OHP), patients with intravenous
ALB supplement after LH (WALP), patients with intravenous ALB
supplement after OH group (WAOP), patients without intravenous
ALB supplement after LH (OALP), patients without intravenous ALB
supplement after OH group (OAOP).
Statistical analysis
Normal distribution continuous data were reported as the
mean ± standard deviation (x ± SD) and compared using the
two-sided Student’s t-test. Non-normally distributed continuous
data were reported as the median (IQR) and compared using
the Mann-Whitney U test. Categorical variables were analyzed
with the Chi-squared test or Fisher’s exact test, depending on best
applicability. Logistic regression was used to examine risk factors of
hypoalbuminemia. Univariate logistic regression was used to examine
the unadjusted risk factor of hypoalbuminemia. Multivariate logistic
regression was applied to examine risk factors of hypoalbuminemia
after adjusting for potentially confounding covariates. Independent
variables with P<0.05 in univariate models were incorporated as
covariates into the multivariate regression model. Receiver Operating
Characteristic (ROC) curve analysis was used to examine predictive
factors of postoperative hypoalbuminemia. Univariate analysis
was applied to determine which variables influenced postoperative
hypoalbuminemia. Data analysis was performed using IBM SPSS
Statistics for Windows version 22.0 (IBM; Armonk, NY, USA). A
nomogram was formulated based on the results of multivariate
logistic regression analysis and by using the rms package of R, version
3.6. P<0.05 was considered to be statistically significant.

In this study, we evaluated the incidence of postoperative
hypoalbuminemia and the necessity of intravenous ALB supplement
for hypoalbuminemia in patents received LH. Furthermore, we
developed a novel strategy to predict the hypoalbuminemia after LH.

Materials and Methods
Patients and data collection
Inclusion criteria: Patients underwent hepatectomy for liver
disease. Exclusion criteria: (1) Patients with severe heart, lung,
kidney and other organ dysfunction; (2) Patients transferred to
Intensive Care Unit (ICU) after hepatectomy; (3) Patients had
proteinuria or nephrotic syndrome; (4) Allergic to human serum
albumin preparations. Clinical data were collected from a total
of 1,178 patients underwent hepatectomy at the Division of
Hepatobiliopancreatic Surgery, Department of General Surgery,
Nanfang Hospital, Southern Medical University, Guang Zhou, China
from March 2012 to August 2017, including 980 patients underwent
open surgery and 198 patients underwent laparoscopic surgery. The
collection of clinical data includes gender, age, Body Mass Index
(BMI), histology, resected range of the liver, cirrhosis, Preoperative
(Preop) Hemoglobin (HGB) levels, Preop Platelet (PLT) levels, Preop
Albumin (ALB) levels, Preoperative Alanine Aminotransferase (ALT)
levels, Preop Aspartate Aminotransferase (AST) levels, Preop Total
Bilirubin (TB) levels, Preop Creatinine (Cr) levels, intravenous ALB
administration, duration of surgery, bleeding volume, and serum ALB
levels on Postoperative Day (POD) 1, POD 3, POD 4, POD 5, POD 7.
The histology of liver diseases is classified as benign and malignant.
The resected range of the liver was grouped as hemihepatectomy
and non-hemihepatectomy, which were defined according to the
Brisbane 2000 standard [15]. Hypoalbuminemia was determined
with serum ALB below 35 g/L [6]. Hypoalbuminemia was stratified
into three levels: 35 g/L to 30 g/L as level 1 hypoalbuminemia, 30 g/L
to 25 g/L as level 2 hypoalbuminemia, and below 25 g/L as level 3
hypoalbuminemia.

Result
Patient characteristics
A total of 1,178 patients were enrolled according to inclusion
and exclusion criteria, including 980 cases of OH and 198 cases of
LH. Gender, BMI, histology, resected range of the liver, incidence
of cirrhosis, Preop HGB levels, Preop ALB levels, Preop AST levels
and bleeding volume were different between the two groups (P<0.05).
After 2:1 propensity score matching, 471 cases were successfully
matched, including 296 cases in the open group and 175 cases in the
laparoscopic group. The general data of matched patients were listed
in Table S1. The comparison of general characteristics showed no
significant difference between the laparoscopic group and the open
group after PSM (P>0.05) (Table S1).
Serum ALB levels in laparoscopic group and open group
There was no significant difference between the two groups in
Preop ALB levels, Preop incidences of hypoalbuminemia or Preop
severity of hypoalbuminemia (P>0.05) (Table 1 and Table S2). The
amount of postoperative administration of ALB in the laparoscopic
group was significantly lower than that in the open group (P<0.05)
(Table 1). Serum ALB levels in both groups reached its lowest point
on POD 1, and gradually recovered after POD1. The serum ALB levels
in the laparoscopic group were significantly higher than those in the
open group on POD 1, 3, 5, and 7 (P<0.05) (Table 1). The highest
incidence of hypoalbuminemia occurred on POD 1 in both groups
(Table 1). The incidences of hypoalbuminemia in the laparoscopic
group were significantly lower than those in the open group on POD
1, 3, 5, and 7 (P<0.05) (Table 1). The severity of hypoalbuminemia in

Propensity score matching (PSM) and groups
PSM was performed using the PSM extension program in
Statistical Product and Service Solutions (SPSS) Statistics for
Windows version 22.0 (IBM; Armonk, NY, USA). The nearest
neighbor matching method was used for 2:1 matching (open group:
Laparoscopic group), and the caliper value was set at 0.05. After
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Table 1: Serum ALB levels of laparoscopic and open group.
LH N=175

OH N=296

P value

Percentage of albumin supplement, n (%)*

105 (60.0)

223 (75.3)

0.000†

The average amount of albumin supplement (g), X ± SD

6.71 ± 6.99

8.62 ± 7.18

0.005‡

Preop

39.89 ± 3.96

39.69 ± 4.55

0.618‡

POD1

33.61 ± 3.62

31.88 ± 4.18

0.000‡

POD3

34.74 ± 3.55

32.84 ± 3.86

0.000‡

POD5

36.62 ± 4.10

34.77 ± 4.62

0.000‡

37.95 ± 4.33

36.60 ± 4.95

0.003‡

Preop

22 (12.6)

43 (14.5)

0.552†

POD1

109 (62.3)

232 (78.4)

0.000†

POD3

90 (51.4)

212 (71.6)

0.000†

POD5

65 (37.1)

152 (51.4)

0.003†

POD7

48 (27.4)

118 (39.9)

0.006†

Serum albumin levels (g/L), X ± SD

POD7
*

The incidences of hypoalbuminemia, n (%)

*

Values in parentheses are percentages
†
Chi-squared test or calibration Chi-square test
‡
Student’s t-test
Table 2: Comparison of ALB levels changed between the laparoscopic group and open group with the same scope of hepatectomy.
Non-hemihepatectomies
Hemihepatectomies
N=389
N=82
Characteristic
LNHP
ONHP
LHP
OHP
P value
N=146
N=243
N=29
N=53
Percentage of albumin supplement, n (%)*
The average amount of albumin supplement (g), X ± SD

85 (58.2)

177 (72.8)

0.003†
‡

P value

20 (69.0)

46 (86.8)

0.051†

6.15 ± 6.69

7.97 ± 7.04

0.012

9.53 ± 7.88

11.59 ± 7.13

0.232

Preop

39.86 ± 4.22

39.62 ± 4.43

0.605‡

40.07 ± 2.27

40.02 ± 5.07

0.957‡

POD 1

33.79 ± 3.64

32.10 ± 4.06

0.002‡

32.72 ± 3.46

30.85 ± 4.58

0.059‡

‡

34.70 ± 3.55

33.41 ± 3.91

0.145‡

Serum albumin levels (g/L), X ± SD

POD 3

34.75 ± 3.56

32.71 ± 3.84

0.000

POD 5

36.45 ± 4.11

34.63 ± 4.66

0.000‡

37.47 ± 4.00

35.44 ± 4.40

0.043‡

37.86 ± 4.30

36.34 ± 4.98

0.002

‡

38.43 ± 4.52

37.76 ± 4.63

0.530‡

Preop

22 (15.1)

33 (13.6)

0.683†

0 (0.0)

8 (15.1%)

0.070†

POD 1

88 (60.3)

187 (77.0)

0.000†

21 (72.4)

45 (84.9)

0.172†

POD 3

77 (52.7)

179 (73.7)

0.000†

13 (44.8)

33 (62.3)

0.128†

†

7 (24.1)

24 (45.3)

0.059†

6 (20.7)

16 (30.2)

0.353†

POD 7
The incidences of hypoalbuminemia, n (%)*

POD 5

58 (39.7)

128 (52.7)

0.013

POD 7

42 (28.8)

102 (42.0)

0.009†

*

Values in parentheses are percentages
†
Chi-squared test or calibration Chi-square test
‡
Student’s t-test

the open group were more severe on the POD 1, 3, and 5 (P<0.05)
(Table S2).

the corresponding subgroups (P>0.05) (Table 2 and Table S4). In
patients who received non-hemihepatectomy, the administration
of albumin was significantly lower in the LNHP than that in the
ONHP (P<0.05) (Table 2). The serum ALB levels in the LNHP
were significantly higher than those in the ONHP on POD 1, 3, 5,
and 7 (P<0.05). The incidences of postoperative hypoalbuminemia
were significantly lower in the LNHP than those in the ONHP on
POD 1, 3, 5, and 7 (P<0.05) (Table 2). The severity of postoperative
hypoalbuminemia significantly attenuated in the LNHP on POD 1,
3, and 5 (P<0.05) (Table S4). In patients received hemihepatectomy,
there were no significant differences in the administration of ALB
between the LHP and OHP groups (P>0.05) (Table 2). The serum
ALB level in the LHP was still significantly higher than that in the

Serum ALB levels and incidence of hypoalbuminemia
in
patients
received
non-hemihepatectomy
and
hemihepatectomy
Stratified analysis was further performed according to the
liver resection range. Serum ALB levels of patients received nonhemihepatectomy and hemihepatectomy in laparoscopic group
and open group were correspondingly compared. The comparison
of general data between the corresponding subgroups showed no
significant difference (P>0.05) (Table S3). There was no significant
difference in the levels of Preop ALB, incidences of Preop
hypoalbuminemia, or severity of Preop hypoalbuminemia between
Remedy Publications LLC., | http://clinicsinsurgery.com/
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Table 3: Comparison of ALB levels changed between the laparoscopic group and open group with or without albumin supplement.
With supplement of albumin
Without supplement of albumin
N=328
N=143
Characteristic
WALP
WAOP
OALP
OAOP
P value
P value
N=105
N=223
N=70
N=73
The average amount of albumin supplement (g), X ± SD

11.18 ± 5.60

11.44 ± 6.00

0.711‡

-

-

-

39.23 ± 4.09

39.30 ± 4.70

0.905‡

40.89 ± 3.57

40.91 ± 3.86

0.968‡

‡

34.73 ± 3.19

34.32 ± 3.91

0.498‡

Serum albumin levels (g/L), X ± SD
Preop
POD 1

32.86 ± 3.71

31.08 ± 3.95

0.000

POD 3

35.02 ± 3.87

32.68 ± 3.93

0.000‡

34.32 ± 2.98

33.33 ± 3.59

0.077‡

37.38 ± 4.42

35.05 ± 4.74

0.000

‡

35.48 ± 3.27

33.92 ± 4.16

0.014‡

38.76 ± 4.42

37.15 ± 5.04

0.005‡

36.73 ± 3.92

34.92 ± 4.24

0.009‡

Preop

18 (17.1)

39 (17.5)

0.939†

4 (5.7)

4 (5.5)

1.000†

POD 1

76 (72.4)

190 (85.2)

0.006†

33 (47.1)

42 (57.5)

0.214†

†

39 (55.7)

50 (68.5)

0.115†

POD 5
POD 7
*

The incidences of hypoalbuminemia, n (%)

POD 3

51 (48.6)

162 (72.6)

0.000

POD 5

34 (32.4)

105 (47.1)

0.012†

31 (44.3)

47 (64.4)

0.016†

†

25 (35.7)

42 (57.5)

0.009†

POD 7

23 (21.9)

76 (34.1)

0.025

*

Values in parentheses are percentages
Chi-squared test or calibration Chi-square test
‡
Student’s t-test
†

OHP only on POD 5 (P<0.05) (Table 2). However, the incidences
of postoperative hypoalbuminemia between these two groups
showed no differences (P>0.05) (Table 2). There was no significant
difference in the severity of postoperative hypoalbuminemia between
these two groups (P>0.05) (Table S4). These data demonstrated
that laparoscopic surgery stabilized postoperative serum ALB levels
and reduced the incidence of hypoalbuminemia, mainly in nonhemihepatectomy.

Stratification analysis was performed according to the intravenous
supplement of ALB. The serum ALB levels of patients supplied with
or without ALB in the laparoscopic group and the open group were
further compared. There were no significant differences between the
corresponding subgroups in general data (P>0.05) (Table S5). The
levels of Preop ALB, incidence of Preop hypoalbuminemia, or severity

of Preop hypoalbuminemia between the corresponding subgroups
showed no significant differences (Table 3 and Table S6). In patients
supplied with ALB after surgery, the amount of ALB supplement
showed no significant difference between the WALP group and the
WAOP group (P>0.05) (Table 3). The serum ALB levels in the WALP
group were significantly higher than those in the WAOP group
on POD 1, 3, 5, and 7 (P<0.05). The incidences of postoperative
hypoalbuminemia were significantly lower in the WALP group than
those in the WAOP group on POD 1, 3, 5, and 7 (P<0.05) (Table 3). The
severity of postoperative hypoalbuminemia between the two groups
showed no significant difference (P>0.05) (Table S6). In patients
without supplement of ALB after surgery, the serum ALB levels in the
OALP were significantly higher than that in the OAOP on POD 5 and
7 (P<0.05). The incidences of postoperative hypoalbuminemia were
significantly lower in the OALP than those in the OAOP on POD
5 and 7 (P<0.05) (Table 3). There were no significant differences in
the severity of postoperative hypoalbuminemia between these two

Figure 1: The ROC curve of Preop ALB for postoperative hypoalbuminemia
after LH.

Figure 2: The ROC curve of Preop ALT for postoperative hypoalbuminemia
after LH.

Serum albumin levels and incidence of hypoalbuminemia
inpatients supplied with or without ALB
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Table 4: Univariate and multivariate analysis of postoperative hypoalbuminemia in the laparoscopic group.
Univariate analysis

Multivariate analysis

Variables
Gender (Male vs. Female)

OR (95% CI)

P value

OR (95%CI)

P value

0.891(0.402-1.973)

0.776

-

-

Age

1.008 (0.982-1.036)

0.541

-

-

BMI

0.977 (0.876-1.090)

0.674

-

-

Histology (Malignant vs. Benign)

0.758 (0.272-2.110)

0.596

-

-

Resection (Non-hemihepatectomies vs. Hemihepatectomies)

1.750 (0.624-4.905)

0.288

-

-

Cirrhosis (No vs. Yes)

1.323 (0.656-2.667)

0.434

-

-

Preop HGB

1.003 (0.992-1.013)

0.632

-

-

Preop PLT

1.001 (0.997-1.005)

0.670

-

-

Preop ALB

0.834 (0.751-0.927)

0.001

0.821 (0.733-0.920)

0.001

Preop ALT

1.022 (1.001-1.043)

0.044

1.025 (1.001-1.049)

0.042

Preop AST

1.019 (0.997-1.041)

0.087

-

-

Preop TB

1.013 (0.963-1.066)

0.610

-

-

Preop CR

0.987 (0.972-1.001)

0.075

-

-

Duration of surgery

1.006 (1.002-1.011)

0.004

1.003 (0.998-1.008)

0.190

Bleeding volume

1.005 (1.001-1.009)

0.020

1.004 (1.000-1.008)

0.073

Table 5: Univariate and multivariate analysis of postoperative hypoalbuminemia in the open group.
Univariate analysis
Variables

Multivariate analysis

OR (95% CI)

P value

OR (95%CI)

P value

Gender (Male vs. Female)

0.819 (0.314-2.132)

0.682

-

-

Age

1.024 (0.991-1.057)

0.152

-

-

BMI

0.887 (0.772-1.019)

0.090

-

-

Histology (Malignant vs. Benign)

1.224 (0.273-5.488)

0.791

-

-

Resection (Non-hemihepatectomies vs. Hemihepatectomies)

1.281 (0.424-3.871)

0.661

-

-

Cirrhosis (No vs. Yes)

0.946 (0.409-2.189)

0.897

-

-

Preop HGB

0.983 (0.960-1.007)

0.160

-

-

Preop PLT

0.999 (0.995-1.004)

0.793

-

-

Preop ALB

0.817 (0.737-0.905)

0.000

0.825 (0.743-0.916)

0.000

Preop ALT

1.009 (0.992-1.027)

0.300

-

–

Preop AST

1.027 (0.997-1.058)

0.079

-

-

Preop TB

1.015 (0.956-1.079)

0.624

-

-

Preop CR

0.981 (0.958-1.005)

0.118

-

-

Duration of surgery

1.007 (1.001-1.012)

0.025

1.006 (1.000-1.012)

0.055

Bleeding volume

1.003 (1.000-1.006)

0.078

groups (P>0.05) (Table S6). These data suggested that laparoscopic
surgery prevented postoperative hypoalbuminemia regardless of
intravenous ALB supplement.

a preventive factor of hypoalbuminemia on POD 1. However, Preop
AST, duration of surgery, and bleeding volume were identified as
independent risk factors of hypoalbuminemia after LH on POD 1
(Table S7). Preop ALB was a preventive factor of hypoalbuminemia
after OH on POD 1 (Table S8).

Preventive
and
hypoalbuminemia

risk

factors

of

postoperative

Multivariate logistical regression analysis was carried out based
on the significant variables (P<0.05) of univariate logistical regression
analysis. Preop ALB and Preop ALT were identified as independent
preventive and risk factors of hypoalbuminemia after LH, respectively
(Table 4). Preop ALB was also identified as a preventive factor of
hypoalbuminemia after OH (Table 5). Since the highest incidence
of hypoalbuminemia occurred on POD 1, we performed univariate
and multivariate analyses to evaluate the preventive and risk factors
of hypoalbuminemia on POD 1. Preop ALB levels were identified as
Remedy Publications LLC., | http://clinicsinsurgery.com/

Prediction of hypoalbuminemia after LH
ROC curve was performed to estimate the cut-off values of
relevant Preop factors for postoperative hypoalbuminemia after
LH. The analysis identified that Preop ALB levels below 42.95 g/L
(AUC=0.678; sensitivity =47.7%; specificity =85.5%, P=0.000) (Figure
1) and Preop ALT levels above 28.50 U/L (AUC=0.630; sensitivity
=49.6%; specificity =77.3%, P=0.010) (Figure 2) were the most
reliable cut-off values to predict postoperative hypoalbuminemia
in the laparoscopic group. A nomogram was developed from the
5
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Figure 3: Nomogram.

Preop ALB levels as an independent preventive factor, and Preop
AST, duration of surgery, and bleeding volume as independent risk
factors for hypoalbuminemia after LH, indicating that patients with
reduced ALB and elevated ALT levels were more likely to develop
postoperative hypoalbuminemia.
Post-hepatectomy hypoalbuminemia is known to be attributed
to the impaired ALB synthesis and abnormal loss of ALB. Animal
experiments showed that the rate of liver ALB synthesis in rats after
hepatectomy was significantly reduced [3]. ALB accounts for half
of the protein production by the liver. After hepatectomy, the liver
synthesizes a large amount of acute-phase protein, but the ALB
synthesis is inhibited in the liver [23]. Intraoperative bleeding can
cause ALB loss. In addition, patients after surgery are in a state of
fast metabolism, with increased consumption of protein and negative
nitrogen balance, which also contribute to hypoalbuminemia [24].
Increase of the Transcapillary Escape Rate (TER) can also increase
the loss of ALB. Surgery is known to induce Systemic Inflammatory
Response Syndrome (SIRS) [25]. Inflammatory factors can lead to
increase vascular permeability and eventually increase he TER, such
as Tumor Necrosis Factor (TNF), Interleukin 6 (IL-6), arachidonic
acid metabolites [26,27]. Although LH has been previously reported to
stabilize the serum ALB levels after surgery, the mechanism by which
LH prevents hypoalbuminemia is still unclear. Previous studies have
shown that laparoscopic surgery alleviated the SIRS by reducing the
local and systemic production of cytokines and acute-phase reactants,
thus reduced the TER or promoted ALB synthesis [26,27]. Moreover,
LH with less intraoperative bleeding and liver tissue injury might
also reduce ALB lost and alleviated liver dysfunction to promote
ALB synthesis [28]. Altogether, LH with a less invasive technique can
prevent hypoalbuminemia through multiple mechanisms.

Figure 4: Calibration plots.

total points accumulated by Preop ALB levels and Preop ALT levels
to predict the probability of hypoalbuminemia after LH (Figure 3).
The nomogram demonstrated medium accuracy in estimating the
probability of hypoalbuminemia after LH, with C index of 0.724 (95%
CI, 0.642-0.807). In addition, calibration plots graphically showed
good agreement on the presence of hypoalbuminemia between the
probability estimation by the nomogram and actual situation (Figure
4).

Discussion
Postoperative hypoalbuminemia is a common complication
after various surgeries [4,16-20], and it is associated with poor
outcome in patients undergoing major surgery [18,19,21,22]. In
this study, we reported that LH with less intravenous serum ALB
supplement was still significantly associated with a lower incidence
of postoperative hypoalbuminemia than OH, suggesting that LH
was capable of preventing postoperative hypoalbuminemia. By
analyzing the risk factors of hypoalbuminemia after LH, we identified
Remedy Publications LLC., | http://clinicsinsurgery.com/

The effect of LH with different resection range on posthepatectomy
hypoalbuminemia has not yet been well studied. We performed
stratified analysis according to the liver resection range, our data
demonstrated that LH significantly improved postoperative serum ALB
levels and reduced incidence of posthepatectomy hypoalbuminemia
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in non-hemihepatectomy patients. This result suggested that LH
mainly prevented posthepatectomy hypoalbuminemia in patients
who received partial hepatectomy with resection range less than
hemihepatectomy. It was also reported that the duration of surgery
was longer in laparoscopic hemihepatectomy than that in open
hemihepatectomy, which might exaggerate systemic inflammatory
response to worsen posthepatectomy hypoalbuminemia [29-31].
However, the duration of surgery was not significantly different
between the LH group and OH group in our study. Importantly,
resection range of hepatectomy is a critical factor associated with
post-hepatectomy liver dysfunction [32], including the function of
producing ALB. The residual liver function is related to residual liver
volume was reported in patients who received hepatectomy [32,33].
Although LH has been reported to prevent system inflammation and
local injury [26,27], LH might not be sufficient to reduce the TER or
promote the recovery of ALB production in regenerating liver after
hemihepatectomy because of the more severe surgical trauma and
longer duration of surgery.
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Intravenous ALB supplement is essential for the therapy of
hypoalbuminemia [34]. Our data demonstrated that LH prevented
posthepatectomy hypoalbuminemia with less ALB supplement,
and the stratification analysis according to the supplement of ALB
supplement further verified that LH prevented posthepatectomy
hypoalbuminemia indeed regardless of ALB supplement. These
results indicated that the preventive effect of LH on posthepatectomy
hypoalbuminemia did not rely on ALB supplement, limiting
ALB supplement could be recommended in patients received
partial hepatectomy with normal liver function. However, the
safety of LH without postoperative ALB supplement seeks further
investigation. Importantly, hepatic dysfunction is a critical reason of
posthepatectomy hypoalbuminemia [35]. We identified low Preop
ALB levels and high Preop ALT levels as independent risk factors
for postoperative hypoalbuminemia, which were also indicators of
liver dysfunction. Therefore, intervention should be implemented
for patients with risk factors of liver dysfunction to prevent
hypoalbuminemia after LH.
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Our study has certain limitations. Obviously, the data of some
patients were lost after PSM and selected from a single center. The
results need to be verified in a larger, multi-center study. Secondly,
we did not consider the effect of postoperative parenteral nutritional
support on serum albumin. Thirdly, our study was retrospective and
might fail to control for unknown confounders.
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In conclusion, LH was associated with a lower incidence of
postoperative hypoalbuminemia, particularly in patients who received
partial hepatectomy with resection range less than hemihepatectomy.
Limiting intravenous ALB supplement could be proposed in patients
received partial hepatectomy with normal liver function.
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