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Abstract. The aim of the present study was to investigate
the application of propofol combined with sevoflurane anes‑
thesia in associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS). A retrospective analysis
of 40 patients with liver cancer who underwent ALPPS was
performed. The study included 21 (control group) and 19
(observation group) patients who were administered propofol
anesthesia and propofol in combination with sevoflurane
anesthesia, respectively. Changes in liver function indicators,
routine blood parameters and blood coagulation function,
as well as cognitive function (mini‑mental state examina‑
tion) were recorded. The total bilirubin and direct bilirubin
levels and the alanine aminotransferase (ALT) level after the
first‑ and second‑stage operation in the two groups was also
higher than that prior to the first‑stage operation (P<0.05),
and the ALT level was significantly lower in the two groups
after the second‑stage operation compared with that prior
to the second‑stage operation (P<0.05). The AST level after
the first‑ and second‑stage operation was lower than that
prior to the first‑ and second‑stage operation, respectively
(P<0.05). The white blood cell count after the second‑stage
operation was significantly lower compared with that prior to
the second‑stage operation (P<0.05). The plasma fibrinogen
(FIB) level was higher after the first‑stage operation compared
with that prior to the first‑stage operation (P<0.05). The
prothrombin time in the two groups of patients was higher
after the second‑stage operation compared with that prior to
the second‑stage operation (P<0.05), whereas the FIB level
was lower (P<0.05) and the international normalized ratio was
not significantly different (P>0.05). The degree of cognitive
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decline prior to the first/second‑stage operation, according to
mini‑mental state examination scores, was different from that
after the first/second‑stage operation (P<0.05). In conclusion,
propofol combined with sevoflurane has a good application
value in ALPPS.
Introduction
Liver cancer is one of the most common malignant tumor types
in the world. Its incidence is high in developing countries. The
associated mortality rate is second only to gastric cancer and
esophageal cancer (1). The disease may occur in individuals
of all ages but it most commonly occurs at an age of onset of
40‑49 years (2). The cancer is more common in male than in
female patients, with men accounting for approximately 6 out
of 7 cases. China has a high incidence of liver cancer, with
cases accounting for 42% of liver cancer cases worldwide, and
its incidence exhibits annual increases. The number of newly
diagnosed patients in China is ~600,000 per year with an
estimated 200,000 individuals succumb to liver cancer each
year (3,4).
Surgical treatment has always been the major treatment
method for liver cancer, but the residual liver volume after
hepatectomy is insufficient to maintain normal liver function
due to the late detection of liver cancer in certain patients or
due to the presence of a large liver tumor. However, surgery
is likely to increase complications or risk of mortality, which
limits the use of hepatectomy (5,6). It is generally thought
that if the volume of the liver removed does not exceed 80%
of the original volume, it does not affect liver regeneration,
thus preventing liver failure (7). Associating liver partition
and portal vein ligation for staged hepatectomy (ALPPS)
is an effective method for the treatment of patients with
liver cancer who cannot undergo hepatectomy and may
promote short‑term rapid proliferation of residual liver cells
after surgery (8,9). However, as ALPPS is complex and the
operation time is longer than that of common hepatectomy,
the anesthesia requirements for ALPPS are high, which limits
the use of numerous anesthetic methods and anesthetics. For
patients with ALPPS, propofol is one of the most widely used
drugs with low toxicity, low liver metabolism and no accumu‑
lation (10,11). Sevoflurane is a novel type of inhaled anesthetic
with no upper respiratory tract irritation and low respiratory
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inhibition. It has little effect on hemodynamics, as it blocks
the action of N‑methyl‑D aspartate receptors. After inhalation
is terminated, it may be quickly metabolized and eliminated
through the respiratory system (12). However, to the best of our
knowledge, studies have reported on the use of sevoflurane in
ALPPS have yet to be performed.
In the present study, the medical records of patients
with liver cancer who were anesthetized with propofol or
sevoflurane in ALPPS were retrospectively analyzed and the
combined application of sevoflurane in ALPPS was evaluated.
Materials and methods
Research subjects. A retrospective analysis of 40 medical
cases of liver cancer who underwent liver detachment and
portal vein ligation was performed at the Jilin Hepatobiliary
Hospital (Changchun, China) between November 2007
and December 2017. The mean age of the patients was
45.62±5.36 years and the study included 21 (control group)
and 19 (observation group) patients who were administered
propofol anesthesia and who received propofol in compliance
with sevoflurane anesthesia, respectively. On the basis of
pathology, all patients were diagnosed with liver cancer, ASA
grade II/III, normal white blood cell (WBC) and no distant
metastasis based on imaging diagnosis, consistent with the
surgical indication of ALPPS (13). The patients did not receive
any anti‑tumor treatment pre‑operatively and there was no
previous history of other tumors, no pre‑operative abnormali‑
ties in the organs, including the heart and kidney, or abnormal
bleeding or coagulation abnormality at the pre‑operative
stage. None of the patients had any allergy to propofol or
sevoflurane, and there was past evidence of alcohol abuse or
use of nitroglycerin. The following patients were excluded:
Those who failed to undergo the second surgery, those with
a survival period of <3 months, those who died during the
study period, those with contraindications for anesthesia,
those with a pre‑operative mini‑mental state examination
(MMSE) score (14) of <24, those with incomplete patient data,
those with a history of hepatitis, those with mental or learning
dysfunction, and those with a tumor of large diameter (>15 cm).
The study was approved by the hospital ethics committee of
Jilin Hepatobiliary Hospital (Jilin, China) and the patient or a
family member signed an informed consent form.
Anesthetic method. All patients underwent two surgical anes‑
thesia treatments. All patients fasted 8 h pre‑operatively and
intake of medications was prohibited. An intravenous injec‑
tion of 0.3 mg scopolamine (Chengdu No. 1 Pharmaceutical
Co., Ltd.) was administered 30 min pre‑operatively. Arterial
pressure, central venous pressure, electrocardiogram, blood
pressure, heart rate, pulse and blood oxygen saturation were
recorded. Anesthesia was induced using 0.2 mg/kg midazolam
(Jiangsu Enhua Pharmaceutical Co., Ltd.), 10 µg/kg remifent‑
anil (Jiangsu Enhua Pharmaceutical Co., Ltd.) and 0.2 mg/kg
atracurium (Zhejiang Xianju Pharmaceutical Co., Ltd.). After
induction, endotracheal intubation was performed and an anes‑
thesia machine (Yi'an anesthesia machine Aeon7200, Shanghai
Hanfei Medical Device Co., Ltd.) was used for mechanical
ventilation. The tidal volume was 8‑10 ml/kg and the respira‑
tory rate was 12‑14 times/min. For anesthesia maintenance,

the control group was treated with propofol (Guangdong
Jiabo Pharmaceutical Co., Ltd.) for target‑controlled infusion
(plasma concentration, 3 µg/ml) and the observation group
was treated with propofol and inhaled sevoflurane (0.5 MAC;
Futian Gutian Pharmaceutical Co., Ltd.) for target‑controlled
infusion. The two groups were treated with continuous infu‑
sion of remifentanil (0.05‑0.25 µg/kg/min; Jiangsu Enhua
Pharmaceutical Co., Ltd.). In the course of the surgery,
0.1 mg/kg of benzenesulfinic acid atracurium was added to
maintain muscle relaxation based on the condition and the
bispectral index (15), which is one of several technologies used
to monitor the depth of anesthesia, was maintained between
40 and 60%.
Observational indexes. For liver cancer surgery, portal vein
embolization or liver disconnection and portal vein ligation
was defined as the first stage, while ALPPS was the second
stage. The immediate hemodynamic changes in the two groups
of patients prior to and after the first‑stage and second‑stage
operation were recorded. Changes in liver function indicators,
in blood routine parameters and in blood coagulation func‑
tion, as well as cognitive function (MMSE) 3 days prior to
and after the first‑stage operation/3 days prior to and after the
second‑stage operation/after the second‑stage operation were
recorded.
Statistical analysis. SPSS 19.0 (IBM Corp.) was used for
statistical analysis. The enumeration data were expressed as n
(%), and the ratio was compared using the χ2 test. Measurement
data were expressed as the mean ± standard deviation, and
an independent‑samples t‑test was used for comparison
of between two groups, while ANOVA with Bonferroni's
post‑hoc test was performed for multiple‑group comparisons.
P<0.05 was considered to indicate statistical significance.
Results
General patient characteristics. The control group comprised
21 patients (11 male and 10 female patients), with a mean age
of 44.91±5.32 years. The observation group was composed of
19 patients, including 10 male and 9 female patients, with a
mean age of 46.33±5.64 years. No significant difference was
observed in sex and age between the two groups (P>0.05).
The number of surgical interval days, liver volume after the
first‑stage operation, liver volume prior to the second‑stage
operation, the liver volume growth rate, operation time of
the first‑ and second‑stage operation, the extent of first‑ and
second‑stage bleeding during surgery, the degree of education
and area of residence were not significantly different between
the two groups (all P>0.05; Table I).
Hemodynamic changes in the two groups of patients. The
mean arterial pressure (MAP), heart rate and oxygen satura‑
tion were not significantly different between the two groups
prior to and after the first‑stage operation, as well as prior to
and after the second‑stage operation (P>0.05). In both groups
of patients, although minor oscillations could be observed in
the MAP before and after the first and second surgeries, none
of the differences in this category were found to be statistically
significant (P>0.05; Table II).
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Table I. General information of the cohort.
Item

Control group (n=21)

Observation group (n=19)

t‑value

Sex			
<0.001
Male
11 (52.38)
10 (52.63)		
Female
10 (47.62)
9 (47.37)		
Age (years)
44.91±5.32
46.33±5.64
0.822
Operative interval (days)
20.35±2.12
19.64±2.06
1.072
Post‑operative liver volume (l)				
Primary surgery
0.39±0.12
0.40±0.11
0.274
Secondary surgery
0.56±0.13
0.57±0.14
0.234
Liver volume growth rate (%)
43.59±3.72
42.50±3.69
0.929
Operative time (min)				
Primary surgery
231.42±11.33
224.59±12.36
1.824
Secondary surgery
281.17±20.12
286.75±18.49
0.910
Bleeding (ml)				
Primary surgery
200.66±12.12
208.15±13.33
1.862
Secondary surgery
2512.86±142.44
2583.47±152.13
1.516
Degree of education 			
0.007
Junior high school and below
8 (38.10)
7 (36.84)		
Junior high school above
13 (61.90)
12 (63.16)		
R Area of residence			
0.382
Rural
9 (42.86)
10 (52.63)		
Urban
12 (57.14)
9 (47.37)		

P‑value
0.987
0.417
0.291
0.786
0.816
0.358
0.076
0.369
0.070
0.138
0.935
0.536

Values are expressed as the mean ± standard deviation or n (%).

Table II. Hemodynamic changes in the two groups of patients.
Parameter

Control group (n=21)

Observation group (n=19)

t‑value

MAP (mmHg)				
Prior to first‑stage operation
104.38±9.64
102.49±9.42
0.626
Immediately after first‑stage operation
108.94±10.13
107.42±10.09
0.475
Prior to second‑stage operation
110.42±9.84
111.17±9.93
0.240
Immediately after second‑stage operation
107.25±10.32
106.44±10.73
0.301
Heart rate (second/minute)				
Prior to first‑stage operation
83.42±7.14
84.12±7.17
0.309
Immediately after first‑stage operation
82.39±6.37
84.02±6.74
0.786
Prior to second‑stage operation
83.65±6.96
82.41±6.14
0.595
Immediately after second‑stage operation
83.47±6.48
83.17±6.69
0.144
Blood oxygen saturation (%)				
Prior to first‑stage operation
96.34±4.33
96.72±4.25
0.215
Immediately after first‑stage operation
97.58±3.26
98.22±3.37
0.610
Prior to second‑stage operation
97.15±4.25
97.42±4.17
0.202
Immediately after second‑stage operation
98.36±4.31
98.27±4.28
0.066

P‑value
0.535
0.637
0.812
0.765
0.759
0.437
0.556
0.886
0.831
0.545
0.841
0.948

MAP, mean arterial pressure.

Changes in liver function indicators in the two groups of
patients. Total bilirubin (Tbil), direct bilirubin (Dbil), alanine
aminotransferase (ALT) and aspartate aminotransferase

(AST) levels were not significantly different between the two
groups prior to and after the first‑stage operation, as well as
prior to and after the second‑stage operation (P>0.05). The
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Table III. Changes in liver function indicators in the two groups of patients.
Parameter

Control group (n=21)

Observation group (n=19)

F‑value

Tbil (µmol/l)				
Prior to first‑stage operation
18.21±1.12
18.43±1.09
0.766
After first‑stage operation
21.25±1.22a
21.67±1.18a
1.953
Prior to second‑stage operation
17.32±1.15
17.84±1.14
1.476
After second‑stage operation
30.47±1.86a
31.44±1.93a
1.789
Dbil (µmol/l)				
Prior to first‑stage operation
14.74±0.75
14.36±0.76
1.625
a
a
After first‑stage operation
19.58±1.21
19.02±1.18
1.512
Prior to second‑stage operation
13.35±1.05
13.87±1.06
1.469
After second‑stage operation
20.44±1.34a
21.81±1.42a
1.552
ALT (U/l)				
Prior to first‑stage operation
211.35±22.48
212.12±22.56
0.110
After first‑stage operation
325.12±26.78a
334.56±25.79a
1.134
Prior to second‑stage operation
105.42±11.25
109.34±11.26
1.108
After second‑stage operation
42.73±7.31a
46.29±6.99a
1.523
AST (U/l)				
Prior to first‑stage operation
345.74±28.17
351.13±28.42
0.611
After first‑stage operation
252.15±24.25a
254.33±24.72a
0.278
Prior to second‑stage operation
259.87±23.14
262.48±23.56
0.360
a
a
After second‑stage operation
42.58±7.59
44.32±8.01
0.802

P‑value
0.312
0.225
0.142
0.134
0.141
0.126
0.135
0.162
0.923
0.285
0.292
0.152
0.544
0.713
0.744
0.474

P<0.05 compared with the same group and the same period prior to the operation. Tbil, total bilirubin; Dbil, direct bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase.
a

Tbil and Dbil levels after the first‑ and second‑stage operation
were higher than those prior to the first‑ and second‑stage
operation in each of the two groups, respectively (P<0.05).
The ALT level after the first‑stage operation in the two groups
was also higher than that prior to the first‑stage operation
(P<0.05), and the ALT level after the second‑stage operation
in the two groups was significantly lower than that prior to
the second‑stage operation (P<0.05). The AST levels after
the first‑ and second‑stage operation were lower than those
prior to the first‑ and second‑stage operation, respectively
(P<0.05; Table III).
Changes in blood routine indicators in the two groups of
patients. The neutrophil ratios, WBCs and hemoglobin (Hb)
concentrations were not significantly different between the
two groups in all four stages of operation (P>0.05). The
WBC count of the two groups was higher after the first‑stage
operation compared with that prior to the first‑stage opera‑
tion, but the difference was not statistically significant,
which was increased further following the second‑stage
operation (P>0.05); however, the WBC and neutrophil
counts were significantly lower after the second‑stage opera‑
tion compared with that prior to the second‑stage operation
(P<0.05; Table IV).
Changes in coagulation function in the two groups of patients.
The prothrombin time (PT), plasma fibrinogen (FIB) levels and
international normalized ratio (INR) were not significantly

different between the two groups in all four stages of operation
examined (P>0.05). The PT and INR in the two groups were
not significantly different between the time‑points prior to and
after the first‑ and second‑stage operation (P>0.05), but the
FIB after the first‑stage operation was higher than that prior to
the first‑stage operation (P<0.05). The PT in the two groups of
patients was higher after the second‑stage operation than that
prior to the second‑stage operation (P<0.05), whereas the FIB
level was lower (P<0.05) and the INR was not significantly
changed (P>0.05; Table V).
Changes in cognitive function in the two groups of patients.
Although significant declines were noted in cognitive function
after first stage and after second stage operation within both
control and observation groups (P<0.05), no differences were
observed between control and observation groups at any of the
four stages (Fig. 1).
Discussion
The majority of patients are newly diagnosed with liver
cancer at the intermediate and advanced stages, and the use
of ALPPS in the surgical treatment of liver cancer is gradu‑
ally increasing (16). Effective and reasonable anesthesia is
an important step to ensure the success rate and efficacy of
surgery (17). Although the use of ALPPS has been increasing
in surgery, only a few studies are available on the anesthesia
for it. The present study aimed to explore the application

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 921, 2021

5

Table IV. Changes in blood routine parameters in the two groups of patients.
Parameter

Control group (n=21)

Observation group (n=19)

F‑value

P‑value

Neutrophils (%)				
Prior to first‑stage operation
79.42±14.33
81.25±14.56
0.397
0.721
After first‑stage operation
81.32±15.47
82.63±13.15
0.144
0.812
Prior to second‑stage operation
80.48±13.24
80.91±12.33
0.111
0.943
After second‑stage operation
73.45±13.46a
74.58±12.72a
0.236
0.740
9
WBC (x10 /l)				
Prior to first‑stage operation
10.12±1.45
10.48±1.39
0.901
0.479
After first‑stage operation
11.27±1.62
11.73±1.48
0.924
0.376
Prior to second‑stage operation
12.11±1.57
12.53±1.54
0.866
0.372
After second‑stage operation
9.48±1.24a
9.87±1.26a
0.995
0.357
Hb (g/l)				
Prior to first‑stage operation
122.75±18.64
124.12±19.17
0.221
0.828
After first‑stage operation
124.17±17.45
125.32±18.69
0.219
0.864
Prior to second‑stage operation
125.58±17.68
123.86±18.84
0.307
0.743
After second‑stage operation
123.96±18.03
124.49±19.33
0.024
0.992
P<0.05 compared with the same group and the same period prior to the operation. WBC, white blood cells; Hb, hemoglobin.

a

Table V. Changes in coagulation function in the two groups of patients.
Parameter

Control group (n=21)

Observation group (n=19)

F‑value

P‑value

PT (sec)				
Prior to first‑stage operation
12.17±1.35
12.28±1.24
0.267
0.791
After first‑stage operation
12.63±1.42
12.75±1.43
0.266
0.792
Prior to second‑stage operation
14.18±1.51
14.29±1.53
0.229
0.820
After second‑stage operation
17.52±1.64a
17.68±1.71a
0.302
0.764
FIB (g/l)				
Prior to first‑stage operation
2.63±0.12
2.71±0.14
1.946
0.059
After first‑stage operation
4.35±0.83a
4.28±0.79a
0.273
0.787
Prior to second‑stage operation
3.52±0.64
3.61±0.63
0.447
0.657
After second‑stage operation
2.31±0.37a
2.28±0.36a
0.259
0.797
INR				
Prior to first‑stage operation
1.12±0.15
1.14±0.14
0.435
0.666
After first‑stage operation
1.23±0.16
1.26±0.16
0.592
0.557
Prior to second‑stage operation
1.42±0.18
1.41±0.19
0.171
0.865
After second‑stage operation
1.41±0.18
1.42±0.18
0.175
0.862
P<0.05 compared with the same group and the same period prior to the operation. PT, prothrombin time; FIB, plasma fibrinogen;
INR, international normalized ratio.
a

of sevoflurane in ALPPS by retrospectively analyzing the
medical records with regard to propofol and sevoflurane in
patients who underwent ALPPS to provide a reference for
clinical surgical anesthesia.
The present study included 40 patients with liver cancer
who underwent ALPPS. No statistically significant differences
between the two groups were identified regarding sex, age,
operation time, operation interval and liver volume growth
rate, suggesting that the data of the two groups included in

the present study were comparable. The results indicated that
combined sevoflurane anesthesia had no significant impact on
hemodynamics compared with propofol anesthesia. No statis‑
tically significant difference in the hemodynamics indicators
was identified between the two groups at any time‑point
examined. This is similar to the effect of propofol combined
with sevoflurane anesthesia on hemodynamics in general
hepatectomy. Sevoflurane has little to negligible effects on
the respiratory system, does not stimulate cardiomyocytes

6

XU et al: PROPOFOL COMBINED WITH SEVOFLURANE ANESTHESIA IN ALPPS

Figure 1. Changes in cognitive function in the two groups of patients. *P<0.05.
After the first/second stage operation, a decline in cognitive function compared
with the pre‑operative score was noted. MMSE, Mini Mental State Examination.

to respond to catecholamines and relieves the decline in
respiratory function due to extubation, improves the blood
oxygen supply capacity and stabilizes hemodynamics (18,19).
The study also indicated no significant changes in Hb levels
in the two groups. The anesthetic drugs used in patients
undergoing ALPPS should have low hepatotoxicity and low
liver metabolism, should not accumulate and not increase the
liver burden. The liver function analysis of the two groups
of patients indicated a certain amount of damage; bilirubin
accumulation occurred in the peripheral blood, and ALT and
AST levels were increased after first‑stage portal vein liga‑
tion. The Tbil and Dbil levels in the peripheral blood of the
two groups were still elevated, but ALT and AST levels were
significantly decreased after the second‑stage liver resec‑
tion, suggesting that the liver function of the two groups was
recovering to a certain degree. The underlying reason may be
that the liver was resected in the two operations and it was
still unable to completely metabolize bilirubin, so the level
of bilirubin was increased, while reductions in ALT and AST
levels were mainly caused by hepatocyte injury, and after
the treatment, the tumor is basically removed and the liver
cells proliferate, so the levels of ALT and AST are decreased.
However, the liver function indicators of the two groups were
not significantly different between the two groups at any of the
time‑points regarding the first and second stage, suggesting
that sevoflurane did not affect the liver function of patients.
In certain liver surgeries, propofol combined with sevoflurane
did not impair liver function (20,21). The results of the present
study indicated that the absence of any changes in leukocyte
levels after the first‑stage operation may be due to an increased
inflammatory reaction in the body caused by the separation
of bile from the portal vein ligation (22). The proportion of
neutrophils also increased, which also suggested the occur‑
rence of inflammation. After the second‑stage operation,
the WBC count of the two groups decreased, but the WBCs
between the two groups were not significantly different after
the second‑stage operation, and the neutrophils also exhibited
a downward trend. Anesthesia is well known to cause a decline
of immune function in patients (23). This may also be a reason
for the decline in WBCs after the second‑stage operation. The
coagulation function of the two groups of patients was then

tested. Spinal anesthesia was not adopted for ALPPS, as it
may affect the patients' coagulation function. The present
results also revealed certain abnormalities in the coagulation
function of the patients after the first‑ and second‑stage opera‑
tion. The FIB level of the two groups exhibited a significant
increase after the first‑stage operation, whereas the PT of the
two groups increased after the second‑stage operation, and
statistically significant difference was obtained between the
groups in the respective indicators of coagulation function.
Certain studies reported that propofol and sevoflurane affect
the coagulation function of patients to a certain extent, but
the effect of sevoflurane on coagulation function is less than
that of propofol (24‑26). Therefore, propofol combined with
sevoflurane anesthesia has better safety in ALPPS, but moni‑
toring of changes in coagulation function of patients is still
necessary to avoid post‑operative major bleeding. Another
unavoidable side effect of anesthesia is the impact on cognitive
function (27,28). The present results indicated a reduction in
cognitive function after the first‑ and second‑stage operation
in the two groups, but propofol combined with sevoflurane
did not aggravate the decrease of the cognitive function of
patients, which may be due to the faster metabolism of sevo‑
flurane. In general, one hour after stopping inhalation, the
concentration of sevoflurane in the blood may be reduced
to 1/20 of the previous concentration, but sevoflurane also
causes inhibition of synaptic function, which is one of the
reasons for its effect on cognitive function (29). However,
the effect of propofol combined with sevoflurane on cognitive
dysfunction is generally acceptable. The present study also
included a small number of cases, so the results and conclu‑
sions require verification by further studies with more clinical
data. In addition, it is required to investigate the mechanism
with regard to the degree of decline in cognitive function in
future studies.
In conclusion, propofol combined with sevoflurane has a
good application value in ALPPS, as addition of sevoflurane
has little effect on the hemodynamic stability of patients
and improves the level of inflammatory response, but does
not increase the effects on liver function, coagulation and
cognitive function.
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