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Background: The aim of this study is to investigate effects of liver resection on albumin binding function 
in patients with and without cirrhosis.
Methods: An observational study was performed on 42 patients with cirrhosis and hepatocellular carcinoma 
(HCC), and 17 patients without cirrhosis diagnosed with hepatic cavernous hemangioma, all of whom 
underwent tumor resection. Control group consisted of 50 healthy volunteers. Albumin metal ion binding 
capacity was assayed as ischemia-modified albumin transformed (IMAT, equal to 1-IMA), and albumin fatty 
acid binding strength was also tested. All indicators were measured 1 day before and 1, 3, 7 days after surgery. 
Results: Preoperative IMAT was significantly higher in healthy volunteers than cirrhotic patients (P=0.02), 
but not than non-cirrhotic patients (P=0.79). Following surgery, a prolonged and sharp reduction was 
observed in cirrhotic patients; whereas, in non-cirrhotic patients, the result rose sooner and faster. Albumin 
fatty acid binding strength in both operated groups decreased for the first 3 days after hepatectomy, then 
both increased to preoperative levels by day 7. Albumin fatty acid binding strength was higher in non-
cirrhotic than cirrhotic patients at all time points. 
Conclusions: This is the first study to show that albumin binding function decreases following liver 
resection in patients with and without cirrhosis. It is more objective than albumin concentration and less 
affected by albumin infusion. It may be an important indicator of liver function.
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Introduction

Assessing liver function in patients undergoing liver 
resection is crucial. As albumin concentration is regarded 
as an important marker of liver function (1,2), serum 
albumin concentration rather than its binding function is 
usually determined. Albumin concentration, however, is 

not an accurate determinant of albumin binding activity, 
as circulating albumin may have lost its binding function. 
The three-dimensional structure of albumin is altered when 
liver function is impaired, reducing the ability of albumin to 
bind to its ligands. This may result in the failure to remove 
metabolic products, including bilirubin, and drugs from 
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the body (3,4). Measuring both albumin concentration and 
binding function can better indicate actual liver function, 
thus guiding clinical practice. 

The most commonly used indicators of albumin binding 
function are ischemia-modified albumin (IMA) and albumin 
fatty acid binding strength, which reflect the binding of 
albumin to metal ions and fatty acids, respectively (3,5,6). 
These activities were found to be lower in patients with liver 
cirrhosis, especially those with liver failure, than in normal 
subjects (7). Although albumin dialysis using a molecular 
adsorbent recirculating system removed albumin-bound 
metabolites from blood, it did not improve albumin binding 
function. Albumin binding function may be a more objective 
indicator of liver status, and IMA could be used to predict 
prognosis. We previously showed that the capacities of 
albumin to bind metal ions and fatty acids provided earlier 
and more sensitive indication than albumin concentration of 
liver damage in patients with nonalcoholic fatty liver disease, 
viral hepatitis and cirrhosis. (Ge PL, Yang HY, Lu JF, et al. 
Albumin binding function: The potential earliest indicator 
for liver function damage. Gastroent Res Pract. In Press.)

To our knowledge, however, there have been no reports 
on perioperative changes of albumin binding function 
in patients with and without cirrhosis undergoing liver 
resection. This observational study therefore assessed 
the effects of liver surgery on albumin binding function 
in patients with liver tumors due to cirrhosis and in non-
cirrhotic patients with hepatic cavernous hemangiomas. Its 
findings suggest that albumin binding function may be a 
good indicator of liver function. 

Methods

Patients

Patients who underwent liver surgery from January 2014 
to March 2015 at the Department of Liver Surgery, Peking 
Union Medical College Hospital, were eligible. The 
study included 42 cirrhotic patients who underwent liver 
resection for hepatocellular carcinoma (HCC), and 17 non-
cirrhotic patients who underwent resection for hepatic 
cavernous hemangioma. The control group included 50 
healthy volunteers (Tables 1,2).  All subjects provided written 
informed consent. The study was performed according to 
the principles of the Declaration of Helsinki and the study 
protocol was approved by the Ethics Committee of Peking 
Union Medical College Hospital. 

Serum sample collection

Peripheral venous blood was drawn from all patients 
undergoing surgery on preoperative day 1 and on post-
operative days (POD) 1, 3, and 7. Only one sample was 
obtained from the subjects in the control group. Blood 
samples were collected into additive-free vacuum tubes after 
at least 12 h of fasting, allowed to coagulate for 30–60 min, 
and centrifuged at 3000 rpm for 10 min. Serum samples 
were stored at −80 ℃ before analysis.

Routine serological tests

Rout ine  t e s t s  inc luded  to t a l  b i l i rub in ,  a l an ine 

Table 1 Inclusion and exclusion criteria for patients in the cirrhotic group

Cirrhotic group

Inclusion criteria

Preoperative diagnosis of cirrhosis by ultrasound, computed tomography, or magnetic resonance imaging, and confirmation by 
intraoperative exploration and/or pathological tests;

Laparotomic liver segment resection, combined liver segment resection, or hemihepatectomy performed;

Postoperative pathology confirmed for hepatocellular carcinoma

Exclusion criteria

Diagnosis of non-cirrhosis by intraoperative exploration and/or pathological testing;

Pathology confirmed for intrahepatic cholangiocarcinoma or metastatic hepatic carcinoma;

Laparoscopic resection of the tumor;

Treatment with immunosuppressant within 1 month preoperatively;

Preoperative transhepatic arterial chemoembolization or radiofrequency ablation
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aminotransferase (ALT), creatinine, prothrombin time (PT), 
and international normalized ratio (INR). Child-Pugh 
score and model for end-stage liver disease (MELD) score 
were also determined of cirrhotic patients (1). Perioperative 
serum albumin concentrations were measured in samples 
from patients in the cirrhotic and non-cirrhotic groups.

Albumin cobalt binding capacity

Albumin cobalt binding capacity was measured essentially as 
described (6). Briefly, 100 µL of serum were mixed with 25 µL 
cobalt chloride (CoCl2, 1 mg/mL) (Sigma-Aldrich, USA) in 
each well of a 96-well plate and incubated at room temperature 
for 10 min. To each well was added 25 µL dithiothreitol 
(DTT, 1.5 mg/mL) (Sigma-Aldrich, USA). After incubation 
for 2 min, 150 µL saline were added to terminate the reaction, 
and absorbance was measured spectrophotometrically at  
470 nm (Synergy H1; BioTek, USA). IMA was defined as the 
absorbance of the tested sample minus that of the control 
(no DTT added). High absorbance value indicated more 
free cobalt reacted with DTT, with less bound to albumin. 
To be more straightforward, results are presented as IMA 
transformed (IMAT), defined as 1-IMA, with a higher IMAT 
indicating a higher metal ion binding capacity. To assess metal 
ion binding function per unit of albumin, IMAT was also 
normalized to albumin concentration and reported as the 
IMAT/albumin ratio.

Albumin fatty acid binding strength

To measure albumin fatty acid binding strength, 100 µL 

serum and 20 µL spin label 3.0 mmol/L 16-doxyl stearic 
acid (Sigma-Aldrich, USA) were added to a 0.5-mL 
Eppendorf tube. Each mixture was stirred with a glass rod 
for 3 min at 4 ℃. The tubes were sealed and incubated in a 
37 ℃ water bath for 20 min. A 10-µL aliquot of each sample 
was transferred to an electron paramagnetic resonance 
instrument (Bruker EMX A200, Bruker BioSpin GmbH, 
Germany), operated with a center field 3427.4 G, sweep 
width 100 G, microwave frequency 9.6 GHz, microwave 
power 6.5 MW, and modulation frequency 100 KHz with 
modulation amplitude 2.5 G. 

Data were analyzed with Origin 8 image processing 
software (OriginLab, USA), and a spectral diagram of the 
spin label and albumin complex was constructed (Figure 1).  
The ratio of the number of high-affinity to low-affinity 
fatty acid binding sites (H/L) could be calculated from the 
spectrum. H/L reflected not only the binding strength of 
albumin to fatty acid, but also its conformational alteration.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation. Statistical analyses were performed with SPSS 
13.0 statistical software (SPSS Inc., USA). The data 
conformed to normal distribution and homogeneity of 
variance. The difference between preoperative tumor 
sizes was analyzed by independent sample t-tests, and the 
differences in other preoperative parameters among the 
three groups were analyzed by one-way analysis of variance.

The differences between the cirrhotic and non-cirrhotic 
patient groups at each preoperative and postoperative time 

Table 2 Inclusion and exclusion criteria for patients in the non-cirrhotic groups

Non-cirrhotic group

Inclusion criteria

Preoperative diagnosis of non-cirrhosis by ultrasound, computed tomography, or magnetic resonance imaging, and confirmation by 
intraoperative exploration and/or pathological testing

Laparotomic liver segment resection, combined liver segments resection, hemihepatectomy, or hepatic hemangioma stripping

Postoperative pathology confirmed for hepatic cavernous hemangioma

Exclusion criteria

Diagnosis of cirrhosis by intraoperative exploration and/or pathological testing

Only liver hemangioma banding performed

Laparoscopic resection of the tumor

Treatment with immunosuppressant within 1 month preoperatively
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point were analyzed by two factor repeated measurements 
analysis of variance, whereas within-group differences 
among time points were analyzed by paired t tests. 
Multivariate analysis of variance was used to test differences 
at the same time point between the two operated groups. 
Two-way tests were used for all analyses. A P value <0.05 
was considered statistically significant.

Results

Tumor size was significantly smaller in the cirrhotic than 
in the non-cirrhotic group (5.94±3.46 vs. 10.88±5.64 cm, 
P<0.001). Patients in both groups underwent laparotomy for 
resection of one or more liver segments or hemihepatectomy, 
whereas some patients in the non-cirrhotic group underwent 
hepatic hemangioma stripping (Table 3).

Figure 1 Electron paramagnetic resonance spectrum of all 
16-doxyl stearic acids (16-DS) bound to albumin. H and L 
represent the number of 16-DS bound to high- and low-affinity 
fatty acid binding sites on albumin, respectively. The H/L ratio 
reflects the binding strength of albumin to fatty acids and the 
changes in albumin conformation.

H

L

Table 3 Demographic and clinical characteristics of cirrhotic and non-cirrhotic patients undergoing liver resection and of healthy volunteers

Parameters
Control
(n=50)

Cirrhotic
(n=42)

Non-cirrhotic
(n=17)

P value

Age (years) 49.20±9.52 51.62±9.58 51.47±11.77 0.46

Sex (M/F) 27/23 39/3 6/11 <0.001

Viral hepatitis

HBV 0 37 2 <0.001

HCV 0 1 0 NA

None 50 4 15 <0.001

Tumor size (cm) NA 5.94±3.46 10.88±5.64 <0.001

Albumin (g/L) 46.64±3.85 41.36±3.69 44.00±3.43 <0.001

Bilirubin (µmol/L) 11.51±3.95 15.96±6.46 13.03±3.32 <0.001

ALT (U/L) 18.56±6.54 43.98±45.80 26.41±38.93 <0.001

Creatinine (µmol/L) 68.94±12.04 76.81±19.90 69.06±17.43 0.06

PT (s) 11.58±0.65 12.45±1.00 11.59±0.61 <0.001

INR 0.98±0.06 1.09±0.09 0.99±0.06 <0.001

Child-Pugh score NA 5.62±0.73 NA NA

MELD score NA 7.95±1.56 NA NA

IMAT 0.57±0.06 0.52±0.09 0.55±0.11 0.02

IMAT/albumin 1.23±0.17 1.25±0.22 1.26±0.26 0.83

H/L 0.76±0.08 0.66±0.05 0.75±0.09 <0.001

Data are expressed as means±standard deviation or number. M, male; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; n.a., 
not available; ALT, alanine aminotransferase; PT, prothrombin time; INR, international normalized ratio; MELD, model for end-stage liver 
disease; IMAT, ischemia modified albumin transformed; H/L, high-affinity/low-affinity fatty acid-binding sites; NA, not applicable.
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Following surgery, all patients in the cirrhotic and non-
cirrhotic groups received prophylactic antibiotics for  
1–3 days and nutritional support. Patients in the cirrhotic 
group who underwent resection of several liver segments 
or hemihepatectomy received infusions of 20 g/day 
commercial albumin (200 g/L, Hualan Bio, China) for  

3–5 days. Albumin infusions were not administered to 
patients in the cirrhotic group who underwent resection 
of a single liver segment or to patients in the non-cirrhotic 
group. All patients recovered well and were discharged from 
the hospital 7–10 days after surgery. No patients died within 
30 days postoperation.

Albumin concentration

Preoperative albumin concentration was significantly higher 
in healthy volunteers than in cirrhotic patients (P<0.001). 
Albumin concentrations sharply decreased in both the 
cirrhotic and non-cirrhotic groups after surgery (P<0.001), 
gradually increasing along with improvements in liver 
function. Albumin concentration rose faster and higher 
in the cirrhotic than in the non-cirrhotic group, and was 
higher in the former on POD 7 (P=0.03) (Figure 2, Table 4).

Albumin cobalt binding capacity

IMAT
IMAT in both operated groups was significantly lower on 
POD 1 than preoperatively (P=0.01). Minimum IMAT 
was observed on POD 1 in the non-cirrhotic group and 
on POD 3 in the cirrhotic group. On POD 7, IMAT had 
returned to preoperative concentration in both the non-

Figure 2 Serum albumin concentrations in patients in the cirrhotic 
and non-cirrhotic groups at different timepoints. The black 
dashed line represents the mean albumin concentration in 50 
healthy volunteers. aP<0.05 versus preoperative concentration in 
the cirrhotic group; bP<0.05 versus POD 1 in the cirrhotic group; 
cP<0.05 versus preoperative concentration in the non-cirrhotic 
group. POD, post-operative day.

Table 4 Perioperative albumin binding function of cirrhotic and non-cirrhotic patients undergoing liver resection

Parameters groups Pre-operation POD1 POD3 POD7 P* value

IMAT

Cirrhotic 0.52±0.09 0.47±0.10 0.46±0.11 0.50±0.13 <0.001

Non-cirrhotic 0.55±0.11 0.46±0.13 0.50±0.10 0.54±0.03 0.01

P** value 0.20 0.53 0.16 0.09

IMAT/albumin

Cirrhotic 1.25±0.22 1.33±0.29 1.28±0.31 1.33±0.31 0.23

Non-cirrhotic 1.26±0.26 1.27±0.37 1.43±0.23 1.60±0.12 0.01

P** value 0.85 0.50 0.07 <0.001

H/L

Cirrhotic 0.66±0.05 0.65±0.04 0.64±0.03 0.65±0.03 0.03

Non-cirrhotic 0.75±0.09 0.71±0.08 0.68±0.07 0.72±0.08 0.04

P** value <0.001 <0.001 0.01 <0.001

Data are expressed as means ± standard deviation. P*, intra-group comparison among different time points before and after surgery; P**, 
comparison between different groups; POD, post-operative day.
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cirrhotic (P=0.65) and cirrhotic (P=0.28) groups, but there 
were no significant between group differences at any time 
point (P=0.07) (Figure 3, Table 4).

IMAT/albumin
Preoperative IMAT/albumin in the cirrhotic and non-
cirrhotic groups was similar to that in healthy volunteers 
(P=0.83). IMAT/albumin in the cirrhotic group slightly 

fluctuated after surgery (P=0.23). In the non-cirrhotic 
group, IMAT/albumin on POD 1 was similar to that 
preoperatively (P=0.89). IMAT/albumin in this group 
increased subsequently, peaking on POD 7 (P<0.001), at 
which time it was significantly higher than in the cirrhotic 
group (P<0.001). (Figure 4, Table 4).

Albumin fatty acid binding strength

Preoperative H/L ratio was significantly lower in the 
cirrhotic group than in the non-cirrhotic group and in 
healthy volunteers, but did not differ significantly in the 
latter two groups. H/L ratios in both the cirrhotic and non-
cirrhotic groups declined for 3 days after hepatectomy, 
being significantly lower on day 3 than preoperatively 
in the cirrhotic (P=0.01) and non-cirrhotic (P=0.03) 
groups. Subsequently, these ratios began to rise, reaching 
preoperative concentrations in the cirrhotic (P=0.17) and 
non-cirrhotic (P=0.24) groups. H/L ratios were higher in 
the non-cirrhotic than in the cirrhotic group at all time 
points (P<0.001 preoperatively and on PODs 1 and 7; 
P=0.01 on POD 3) (Figure 5, Table 4).

Discussion

Albumin concentration has been used more frequently than 
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Figure 5 Albumin fatty acid binding strength in the cirrhotic and 
non-cirrhotic groups at different timepoints. Higher H/L indicates 
stronger binding to fatty acids. The black dashed line represents 
the mean H/L ratio in healthy volunteers. a, P<0.05 versus POD 3 
in the cirrhotic group; b, P<0.05 versus POD 3 in the non-cirrhotic 
group. H/L, albumin high-affinity/low-affinity fatty acid binding 
sites; POD, post-operative day.

Figure 3 Albumin cobalt binding capacity in patients in the 
cirrhotic and non-cirrhotic groups at different timepoints. A 
higher IMAT value represents greater albumin cobalt binding 
capacity. The black dashed line presents the mean IMAT in 50 
healthy volunteers. a, P<0.05 versus preoperative concentration in 
the cirrhotic group; b, P<0.05 versus POD 3 in the cirrhotic group; 
c, P<0.05 versus preoperative concentration in the non-cirrhotic 
group; d, P<0.05 versus POD 1 in the non-cirrhotic group. IMAT, 
ischemia modified albumin transformed; POD, post-operative day.

Figure 4 Albumin cobalt binding function per unit albumin in 
the cirrhotic and non-cirrhotic groups at different time points. 
The black dashed line represents the mean IMAT/albumin value 
in healthy volunteers. a, P<0.05 versus preoperative concentration 
in the non-cirrhotic group; b, P<0.05 versus POD 1 in the non-
cirrhotic group; c, P<0.05 versus POD 3 in the non-cirrhotic 
group. POD, post-operative day.
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albumin binding activity to assess liver function in patients 
with liver disease (8). Albumin activity may better reflect 
changes in liver function, decreasing when liver function 
is impaired, albumin conformation changes, or metabolic 
burden increases (9). Our previous study found that 
albumin binding activity was significantly lower in patients 
with viral hepatitis than in normal individuals, although 
albumin concentrations in the two groups did not differ. 
Furthermore, albumin concentrations and binding activities 
in patients with various degrees of cirrhosis differed from 
each other. (Ge PL, Yang HY, Lu JF, et al. Albumin binding 
function: The potential earliest indicator for liver function 
damage. Gastroent Res Pract. In Press.) Albumin metal ion 
binding capacity was found to decrease in patients with both 
chronic hepatitis and cirrhosis (10). As these results were 
less affected by albumin infusion, albumin binding capacity 
was regarded as more objective.

To assess whether albumin binding activity correlated 
with albumin concentration in patients undergoing liver 
surgery and whether these parameters differed in patients 
with and without cirrhosis, we compared cirrhotic patients 
with HCC and non-cirrhotic patients with hepatic 
cavernous hemangioma. To our knowledge, this study is the 
first to compare albumin binding activity in patients with 
and without cirrhosis.

IMA, originally an indicator of myocardial ischemia, can 
be measured by testing the binding capacity of the N-terminal 
metal ion binding sites of albumin to cobalt ions (6). Studies 
have found that IMA is higher in patients with type 2 diabetes 
mellitus, stroke, mesenteric ischemia, and Alzheimer’s disease 
than in healthy individuals (11-14). IMA was altered earlier 
than other indicators of oxidative stress (15), perhaps because 
the impact of oxygen free radicals on albumin structure can 
be detected earlier than their impact on other parameters (16). 
IMA is regarded as an indicator of liver damage (7,9). Our 
study found that albumin metal ion binding capacity could 
be used as a parameter to assess the recovery state of patients 
following hepatectomy.

Our results showed that preoperative metal ion binding 
capacity and albumin concentration were both lower in 
patients with cirrhosis than in healthy volunteers (P=0.02). 
Although preoperative albumin concentration was also lower 
in patients without cirrhosis than in healthy volunteers, 
their albumin binding activity was similar (P=0.79). These 
findings indicate that cirrhosis not only reduces albumin 
concentration, but lowers albumin binding capacity. This 
activity was also slightly lower in non-cirrhotic patients 

with huge hepatic cavernous hemangiomas (tumor size 
10.88±5.64 cm). In non-cirrhotic patients, binding activity 
was lowest on POD 1 (P=0.01), rising to preoperative 
concentrations on POD 3 (P=0.19), although no albumin 
was infused. In cirrhotic patients, however, albumin binding 
capacity was lower on POD 1 (P=0.01). Despite infusion of 
exogenous albumin, binding activity in this group remained 
low until POD 3. By POD 7, albumin binding activity 
returned to preoperative concentrations in both the non-
cirrhotic (P=0.65) and cirrhotic (P=0.28) groups, whereas 
the albumin concentration in both groups remained 
significantly lower than preoperatively (both P<0.001). 
Although surgery greatly affected albumin concentration 
and binding function, these effects differed from each other, 
as well as differing in cirrhotic and non-cirrhotic patients. 
Specifically, surgical trauma had a more profound and 
prolonged impact on albumin binding function in patients 
with liver cirrhosis.

The mechanism underlying the return of albumin 
binding function, but not albumin concentration, to 
preoperative concentrations by POD 7 remains unclear, 
but may be due to albumin compensation, which helps 
the liver resist surgical stress. We therefore calculated 
the ratio of albumin binding to metal ion to unit albumin 
concentration (IMAT/albumin). Although preoperative 
albumin concentration and binding function were 
both lower in patients with cirrhosis than in healthy 
volunteers, IMAT/albumin did not differ (P=0.83), 
suggesting that albumin binding function in cirrhotic 
patients began compensating for liver injury before 
hepatectomy. Compensatory ability, however, did not 
increase after liver resection (P=0.06), suggesting that 
the compensatory ability of binding function per unit of 
albumin is limited in cirrhotic patients. Furthermore, 
the metal ion binding capacity of commercially infused 
albumin (200 g/L) was 1.34 times that of native serum 
albumin of healthy volunteers with the same volume, and 
4.29 times for albumin concentration. Thus, the binding 
capacity of commercial albumin was 31.24% that of the 
same concentration of native albumin, in agreement with 
previous findings (17). Thus, albumin infusion contributed 
more to increasing concentration than binding function. 
In contrast, preoperative IMAT/albumin was similar in 
non-cirrhotic patients with hepatic cavernous hemangioma 
and in healthy volunteers (P=0.83), indicating that these 
lesions had no discernible effect on albumin binding 
function, and therefore did not induce a compensatory 
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increase. Nevertheless, hepatectomy could damage 
albumin binding function of patients with non-cirrhosis. 
Per unit albumin binding function in these patients 
gradually recovered after surgery, peaking on POD 7 
(P<0.001). These findings indicate the compensatory 
ability of albumin binding function was better in non-
cirrhotic than in cirrhotic patients, accounting for the 
differences in recovery between albumin concentration 
and albumin binding function.

Normally functioning binding sites are the structural 
basis for the transport and metabolic roles of albumin. 
However, functioning of these binding sites may be affected 
by many factors, including albumin structure, toxins, 
and drugs in the blood. The three-dimensional structure 
of albumin may be damaged in patients with cirrhosis, 
hepatitis, and liver ischemia. The binding to ligands 
changed, resulting in changes in the ratio of high- to low-
affinity binding sites to fatty acid (18). To explore the reason 
for these differences, we assessed albumin structures in the 
three groups of subjects.

H/L reflects the strength of albumin binding to fatty 
acids. This ratio was similar in non-cirrhotic patients 
preoperatively and in healthy volunteers (P=0.96). In 
contrast, the preoperative binding function of cirrhotic 
patients was significantly lower, which indicated that 
instead of the size of tumor, cirrhosis was to blame. 
Following surgery, both cirrhotic and non-cirrhotic 
patients showed reductions in binding capacity, being 
minimal in both groups on POD 3 and slowly returning to 
preoperative concentrations on POD 7. Liver surgery may 
have damaged the three-dimensional structure of albumin, 
with these conformational changes reducing albumin 
fatty acid binding capacity. The postoperative recovery 
of damaged albumin structure and newly generated 
albumin gradually enhanced fatty acid binding capacity 
to preoperative level. Although postoperative infusion of 
commercial albumin into cirrhotic patients increased their 
serum albumin concentrations, making it higher than in 
non-cirrhotic patients, the fatty acid binding capacity of 
albumin remained lower in cirrhotic than in non-cirrhotic 
patients at all time points. 

Albumin binding function reflects synthetic capacity of 
liver. On the other side, clinically relevant postoperative 
prognosis is mainly affected by heterogenous perioperative 
treatment and overall liver function, so correlation analysis 
between them isn’t done.

One limitation of the study is the small sample size. The 
heterogeneity of data and complex effect of liver surgery to 

albumin concentration and binding function limit us to get 
a solid conclusion. 

Conclusions

To our knowledge, this study is the first to show that 
albumin binding function decreases following liver resection 
in patients with and without cirrhosis, especially the former. 
Binding capacity is a better indicator of liver damage than 
albumin concentration, with the results less affected by 
albumin infusion. Albumin binding capacity may be an 
important indicator of liver function. 
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