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ABSTRACT
Objective: The Pringle maneuver used during hepatectomy causes ischemic reperfusion injury 
to the liver remnant. In this study, we compared the effect of maintenance of general 
anesthesia with propofol dexmedetomidine intravenous infusion versus desflurane inhala-
tional anesthesia on post-hepatectomy hepatocellular injury in patients undergoing partial 
hepatectomy during the first six postoperative days.
Methods: Group A (15 patients) received total intravenous anesthesia with a combination of 
propofol and dexmedetomidine for anesthesia maintenance, and group B (15 patients) 
received desflurane for anesthesia maintenance. Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), serum albumin, serum bilirubin, prothrombin time (PT), and interna-
tional normalized ratio (INR) were measured before surgery and at 1, 3, and 6 days after surgery.
Results: Transaminase levels, which were comparable in both groups, peaked between the first 
and the third postoperative days. The peak ALT was 224.27 ± 29.7 and 318.20 ± 52.5 U/L in 
group A and group B, respectively (P < 0.001). The peak AST was 265.60 ± 22.3 U/L in group 
A and 349.27 ± 56.1 U/L in group B (P < 0.001). Albumin levels at day 1 showed no significant 
differences between both groups, but at days 3 and 6, group A showed significantly higher 
albumin levels than group B. Other liver function tests including serum albumin, total and 
direct bilirubin, PT, and INR showed lower values in the propofol/dexmedetomidine group.
Conclusion: The main finding of this study is that propofol/dexmedetomidine as a technique 
for the maintenance of anesthesia resulted in less hepatocellular injury and better hepatic 
functions than desflurane in patients undergoing partial hepatectomy during the first six 
postoperative days.
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1. Background

Hepatectomy is commonly used in patients suffering 
from focal hepatic pathology like focal metastatic 
lesion, hepatocellular carcinoma, hepatic heman-
gioma, and other liver diseases. The liver resection 
causes transient changes in metabolic function, 
hemostasis, and, possibly, the pharmacokinetics and 
pharmacodynamics of drugs used. Currently, the most 
commonly used routine technique is inflow occlusion 
by clamping the portal triad (Pringle’s maneuver) dur-
ing liver transection to minimize blood loss [1]. 
Nevertheless, the Pringle technique causes ischemic 
injury in the remaining liver which may be vulnerable 
to a brief cessation of blood supply [2].

The mechanisms underlying ischemia-reperfusion 
injury (IRI) in the liver are quite complicated. It is linked 
to a number of events, including the Kupffer cell acti-
vation, neutrophil infiltration and rise in adhesion 
molecule levels, release of cytokines, and injury to the 
hepatocytes [3]. More evidence suggests that reactive 

oxygen species produced in excess during the initial 
phase of reperfusion act as a signaling molecule, caus-
ing the release of endogenous damage-associated 
molecules that cause hepatocellular injury [4].

Anesthetic drug advancements, surgical new tech-
niques, and a deep understanding of pathophysiologi-
cal techniques have enabled liver resections to be 
transformed into safe surgeries with low morbidity 
and mortality in recent decades [5].

Propofol (2,6-diisopropylphenol) is a commonly 
used anesthetic drug which is metabolized in the 
liver mainly through the cytochrome P450 system 
and glucuronidation [4]. In addition to its multiple 
anesthetic benefits, propofol has many non- 
anesthetic properties. One of them is increasing anti-
oxidant capacity in various tissues. [6].

Dexmedetomidine is a potent and selective α 
2-adrenoceptor agonist. It improves perioperative sta-
bility of hemodynamics and has anesthetic sparing 
properties [7]. Dexmedetomidine has been shown to 
protect against IRI of the brain, heart, testis, kidney, 
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and, most recently, the liver both in vivo and 
in vitro. [8].

Desflurane is a fluorinated methyl ethyl ether that is 
used to maintain general anesthesia (GA). It has the 
quickest onset and offset when compared to other 
volatile anesthetic drugs [9]. Many recent studies 
have suggested that administering desflurane has 
been shown to provide early hepatoprotection against 
IRI. However, the exact molecular mechanisms are still 
unknown. [10].

This study aimed to compare the effects of intra-
venous infusion of propofol/dexmedetomidine ver-
sus inhaled desflurane on hepatocellular functions 
in patients undergoing partial hepatectomy. Serum 
concentrations of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT), which indicate 
the degree of liver damage, and serum albumin, 
total and direct serum bilirubin, prothrombin time 
(PT), and international normalized ratio (INR), which 
indicate liver function, were compared before 
anesthesia and at days 1, 3, and 6 after surgery.

1.1. Trial registration and ethical committee 
approval

The study was a randomized prospective comparative 
study that was conducted at Ain Shams University 
Hospitals. It was approved by the research ethics com-
mittee in the Faculty of Medicine, Ain Shams University 
(FMASU M D 209/2020). The study was registered with 
trial registration and ethical approval: clinical trials 
(www.clinicaltrials.gov) database ID no (NCT05246371).

2. Methods and measurements

The study was a randomized prospective compara-
tive study that was carried out from November 2020 
to November 2022 at Ain Shams University 
Hospitals.

3. Randomization and patient allocation

Thirty patients over the age of 18 years old with the 
American Society of Anesthesiologists physical status 
II, Child–Pugh classification A to B, and patients who 
were scheduled for more than one segment hepatect-
omy were included in the study. Both sexes were 
included in the study. A computer-generated random 
number table was used to divide the patients into two 
equal groups, each group had 15 patients, namely 
group A and group B.

Group A: Fifteen patients received total intravenous 
anesthesia (TIVA) for the maintenance of GA using 
a combination of propofol and dexmedetomidine.

Group B: Fifteen patients received the maintenance 
of GA using desflurane.

3.1. Exclusion criteria

(a) Patients with Child–Pugh classification C.
(b) Patients <18 years old.
(c) Scheduled liver resection without the need for 

inflow occlusion (Pringle’s maneuver).
(d) Hypersensitivity to any of the above-mentioned 

drugs.
(e) Previous liver resection in preparation for 

donation.
(f) Patients who underwent previous ablation 

treatments (radiofrequency ablation or 
cryosurgery).

4. Sample size calculation

The sample size was calculated using the STATA pro-
gram, with the alpha error set to 5%. The outcome of 
a previous study done by Fayed et al. [11] demon-
strated that the mean ALT in the dexmedetomidine 
group was 4.81 ± 4.87 compared to 97.5 ± 11.7 in the 
control group. Based on this, 15 cases per group (30 
total) will achieve 100% power to detect the observed 
difference between groups in ALT.

4.1. Patients’ interventions and management

Preoperatively, all patients were evaluated and told to 
fast for 8 h for solids and 2 h for clear fluids. Upon 
arrival at the operating room, a ringer solution was 
infused at a rate of 10 ml/kg/h after intravenous access 
was established. For sedation, the patient was given 2  
mg of midazolam intravenously. Intraoperative moni-
toring included noninvasive blood pressure, electro-
cardiogram (ECG), and arterial oxygen saturation. In 
the propofol dexmedetomidine group (group A), 
induction of GA started using 3 mcg/kg fentanyl, fol-
lowed by propofol 2 mg/kg, IV loading dose of dexme-
detomidine 1 mcg/kg over 10 min, and 0. 5 mg/kg 
atracurium. In the desflurane group (group B), induc-
tion of GA started using 3 mcg/kg fentanyl, followed by 
thiopental sodium (5 mg/kg) and 0.5 mg/kg 
atracurium.

After tracheal intubation, all patients of both groups 
were ventilated at 6–8 ml/kg tidal volume to keep end- 
tidal CO2 levels around 35 mmHg. A central venous line 
was placed in the internal jugular vein, and an invasive 
arterial line was placed in the radial artery. Patients 
were monitored for invasive blood pressure, blood 
oxygen saturation, ECG, end-tidal CO2, arterial blood 
gases, and urine output. In group A, anesthesia was 
maintained by infusing propofol at a rate of 0.1–0.2  
mg/kg/min and dexmedetomidine infusion of mainte-
nance dose at a rate of 0.6 mcg/kg/h. Ventilation was 
maintained by an oxygen-air gas mixture to achieve 
FiO2 0.5 and a flow of 2 L/min in a closed respiratory 
system. In group B, anesthesia was maintained by 
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desflurane inhalation with vaporizer set between 4 and 
10 vol% in FiO2 0.5 and a flow of 2 L/min in a closed 
respiratory system. Fentanyl was infused into both 
groups at a rate of 1–2 mcg/kg/h, and atracurium 
was infused at a rate of 0.3–0.6 mg/kg/h.

Under the supervision of an experienced hepatobili-
ary surgery team, surgical procedures were carried out 
in a standardized manner. Each patient was followed 
for the first six post-operative days.

5. Data recording

● Primary outcome: The study’s goal was to com-
pare serum concentrations of AST and ALT indi-
cating the extent of liver damage, serum albumin, 
total and direct serum bilirubin, PT, and INR as 
markers of liver function before and at days 1, 3, 
and 6 after surgery.

● Secondary outcome: Comparing intraoperative 
vital data recorded every hour throughout the 
procedure in both groups.

5.1. Statistical methods

The Statistical Package for Social Science version 22.0 
was used to analyze the data. When indicated, quanti-
tative data were expressed as the mean standard 
deviation (SD) or the median interquartile range. 
Qualitative data were expressed as percentage and 
frequency. The following tests were carried out: the 
chi-squared (X2) test of significance was used to com-
pare proportions between two qualitative parameters 
and the independent-samples t-test of significance 
was used to compare between two means. The con-
fidence interval was set to 95%, and the acceptable 
margin of error was set to 5%.

6. Results

The study’s main finding is that Group A had signifi-
cantly lower ALT and AST levels than group B at days 1, 
3, and 6 postoperatively (P < 0.001). Similarly, at days 1, 
3, and 6, total bilirubin, direct bilirubin, PT, and INR 
were significantly lower in group A compared to group 

B (P < 0.05). Serum albumin was significantly higher in 
group A than in group B at days 3 and 6 postopera-
tively (P < 0.005) (Tables 3 and 4).

Demographic information for both groups was 
comparable (Table 1).

Table 2 shows that the duration of surgery and 
ischemia for both groups were comparable.

Group A had significant lower MAP and HR values 
than group B during the period of 1–5 h anesthesia 
and recovery (P < 0.001) (Figures 1 and 2).

ALT levels in group A were 224.27 ± 29.7 U/L, 144.47  
± 24.1 U/L, and 33.73 ± 11.0 U/L compared to 318.20 ±  
52.5 U/L, 226.73 ± 54.4 U/L, and 58.40 ± 13.8 U/L in 
group B at 1, 3, and 6 days, respectively, indicating sig-
nificant lower ALT values in group A compared to group 
B (P < 0.001). Similarly, AST levels in group A were 
265.60 ± 22.3 U/L, 170.87 ± 23.2 U/L, and 40.00 ± 13.0  
U/L compared to 349.27 ± 56.1 U/L, 238.00 ± 38.2 U/L, 
and 55.33 ± 18.8 U/L in group B at 1, 3, and 6 days, 
respectively, indicating significant lower AST values in 
group A compared to group B (P < 0.001) (Table 3).

Serum albumin was significantly higher in group 
A (3.58 ± 0.2 g/dL and 3.36 ± 0.2 g/dL) than group 
B (3.36 + 0.2 g/dL and 3.43 + 0.2 g/dL) at days 3 and 6, 
respectively (P < 0.005) (Table 4).

Table 4 also shows that at days 1, 3, and 6, total 
bilirubin, direct bilirubin, PT, and INR were significantly 
lower in group A than group B (P < 0.05)

7. Discussion

This study’s main finding shows that propofol/dexme-
detomidine as a technique for the maintenance of 
anesthesia resulted in less hepatocellular injury and 
better hepatic function than desflurane in patients 
undergoing partial hepatectomy during the first six 
postoperative days.

Many strategies for reducing IRI during liver resec-
tion have been developed. Ischemic preconditioning 
and intermittent portal triad clamping were the two 
most commonly used clinical techniques [1,12]. Both 
techniques prolong the operation and expose the 
remaining liver tissue to ischemia and IRI. As a result, 
developing a pharmacological strategy to protect the 
liver during hepatectomy became critical.

Table 1. Demographic data.

Demographic data
Group A  
(n=15)

Group B  
(n=15) P-value

Age (years) 46.20 ± 13.2 49.93 ± 13.6 0.45
BMI (Kg/m2) 28.59 ± 4.7 27.47 ± 3.3 0.45
ASA I 

II
6 (40%) 
9 (60%)

7 (46.7%) 
8 (53.3%)

0.72

Sex Male 
Female

7 (46.7%) 
8 (53.3%)

8 (53.3%) 
7 (46.7%)

0.72

Note: Data are presented as mean ± SD, % = percentage, X2= chi-squared test, A = TIVA group, 
B = desflurane group, BMI = body mass index, ASA = American Society of Anesthesiologists.
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Recently, several studies have been conducted to 
evaluate the effects of different anesthetic drugs on 
liver function. Propofol was discovered to boost the 
antioxidant capacity of many organs [13]. Furthermore, 
recent research suggests that propofol plays a role in 
the various organ protection during acute injury 
through its antioxidant and anti-inflammatory proper-
ties [14].

Dexmedetomidine was discovered to be beneficial 
to liver tissues during sepsis. Numerous studies in 
recent years have demonstrated dexmedetomidine’s 
hepatoprotective action against IRI noticed in patients 
undergoing hepatectomy [15].

Desflurane’s solubility in blood is low, which results 
in quick onset and offset with minimal metabolism. In 
clinical practice, desflurane is an attractive 

maintenance anesthetic in hepatic patients. Many 
recent studies have suggested that administering des-
flurane may offer early protection against IRI. However, 
the underlying molecular mechanisms remain not fully 
understood [10].

During inflow occlusion using Pringle’s maneuver, 
the liver is subjected to IRI, which is divided into two 
stages. The first stage begins 2 hafter reperfusion and 
is characterized by inflammatory response and oxidant 
stress induced by the Kupffer cell, which results in 
acute injury to hepatocytes. The second stage appears 
6 h or more following reperfusion and is attributed 
mainly to neutrophil recruitment-induced oxidants 
and protease release, which causes hepatocyte 
damage to progress [16]. We planned the observation 
time points based on the changes in biochemical mar-
kers following hepatic resection in the study done by 
Siu and his colleagues [17].

Our study showed that the propofol dexmedetomi-
dine combination seemed to exert a protective effect 
against post-hepatectomy hepatocellular injury com-
pared to desflurane as evidenced by significantly lower 
AST and ALT values in comparison to the desflurane 
group. Furthermore, total and direct bilirubin, PT, and 
INR showed significantly lower values in the propofol 
dexmedetomidine group in comparison to the desflur-
ane group. Albumin levels showed significantly higher 
values in the propofol dexmedetomidine group in 
comparison to the desflurane group in days 3 and 6 
post-operatively.

In accordance with our findings, Wu and his collea-
gues (2019) [18] who investigated the effect of propo-
fol versus desflurane on IRI-induced inflammatory 
response in liver transplant recipients revealed that 
propofol-based TIVA showed cytoprotective properties 
and provided attenuated inflammatory response, 

Table 2. Comparison of groups in terms of surgery duration 
and ischemia time.

Surgery data
Group A  
(n=15)

Group B  
(n=15) P-value

Duration of surgery (min) 308.67 ± 19.9 314.33 ± 20.9 0.45
Ischemic time (min) 13.60 ± 1.2 13.27 ± 1.3 0.48

Note: Data are presented as mean ± SD, A = TIVA group, B = desflurane 
group.

Table 3. Comparison of AST and ALT levels between groups.

Postoperative lab data
Group A  
(n=15)

Group B  
(n=15) P-value

ALT BL (U/L) 25.07 ± 47.3 37.80 ± 67.9 0.56
ALT 1 (U/L) 224.27 ± 29.7 318.20 ± 52.5 <0.001*
ALT 3 (U/L) 144.47 ± 24.1 226.73 ± 54.4 <0.001*
ALT 6 (U/L) 33.73 ± 11.0 58.40 ± 13.8 <0.001*
AST BL (U/L) 22.80 ± 13.3 47.27 ± 72.6 0.21
AST 1 (U/L) 265.60 ± 22.3 349.27 ± 56.1 <0.001*
AST 3 (U/L) 170.87 ± 23.2 238.00 ± 38.2 <0.001*
AST 6 (U/L) 40.00 ± 13.0 55.33 ± 18.8 0.01*

Note: Data are presented as mean ± SD, A = TIVA group, B = desflurane 
group, ALT = alanine aminotransferase, AST= aspartate aminotransfer-
ase, BL= baseline, * = significant difference.

Table 4. Comparison between groups as regards serum albumin, total and direct 
bilirubin, PT, and INR.

Postoperative lab data
A group 
(n=15)

B group 
(n=15) P-value

Albumin BL (g/dL) 4.02 ± 0.3 4.20 ± 0.5 0.21
Albumin 1 (g/dL) 3.73 ± 0.2 3.58 ± 0.3 0.15
Albumin 3 (g/dL) 3.58 ± 0.2 3.36 ± 0.2 0.005*
Albumin 6 (g/dL) 3.69 ± 0.1 3.43 ± 0.2 <0.001*
Total billirubin BL (mg/dL) 0.75 ± 0.24 0.60 ± 0.27 0.25
Total billirubin 1 (mg/dL) 1.19 ± 0.4 1.89 ± 0.5 <0.001*
Total billirubin 3 (mg/dL) 1.24 ± 0.2 1.82 ± 0.2 <0.001*
Total billirubin 6 (mg/dL) 0.87 ± 0.1 1.06 ± 0.2 0.01*
Direct billirubin BL (mg/dL) 0.44 ± 0.2 0.33 ± 0.2 0.06
Direct billirubin 1 (mg/dL) 0.87 ± 0.3 1.50 ± 0.6 0.001*
Direct billirubin 3 (mg/dL) 0.73 ± 0.3 1.17 ± 0.2 <0.001*
Direct billirubin 6 (mg/dL) 0.56 ± 0.1 0.62 ± 0.2 0.30
PT BL (sec) 12.35 ± 1.7 12.20 ± 1.5 0.80
PT 1 (sec) 12.70 ± 1.5 16.80 ± 3.4 <0.001*
PT 3 (sec) 12.77 ± 1.1 15.03 ± 2.5 0.003*
PT 6 (sec) 11.80 ± 1.1 11.53 ± 1.5 0.57
INR BL 1.04 ± 0.2 1.08 ± 0.1 0.54
INR 1 1.09 ± 0.1 1.40 ± 0.2 <0.001*
INR 3 1.09 ± 0.1 1.31 ± 0.2 <0.001*
INR 6 1.00 ± 0.1 1.04 ± 0.1 0.31

Note: Data are presented as mean ± SD, A = TIVA group, B= desflurane group, PT = Prothrombin 
time, sec = second, INR = international normalized ratio, BL = baseline, * = significant difference.

EGYPTIAN JOURNAL OF ANAESTHESIA 325



antioxidative stress, improved recovery of graft func-
tion, and better microcirculation compared to desflur-
ane. The TIVA group showed a faster return to normal 
INR and lower ALT values 24 h after liver 
transplantation.

Another study by Laviolle et al. (2011) [19] studied 
the effect of anesthesia with propofol compared with 
desflurane on oxidative stress and hepatic function 
during and after partial hepatectomy and found that 
propofol had a protective effect on hepatic damages 
manifested by a decrease in plasma levels of alpha- 
glutathione s-transferase (α GST) shortly after vascular 
unclamping and an improvement in hepatic metabolic 
function recovery, though there were no differences 
between both groups in AST and ALT.

On the other hand, in a study conducted by Shin and 
his colleagues (2019) [20] to compare the effect of pro-
pofol intravenous anesthesia with desflurane and des-
flurane alone on postoperative liver function after living- 
donor liver transplantation, it was found that there was 
no improvement in laboratory or surgical outcome after 

hepatectomy in patients who received propofol com-
pared to patients who received desflurane alone.

Several studies were conducted to study the effect of 
dexmedetomidine on IRI in patients undergoing hepa-
tectomy. Zhang and colleagues (2020) [21] studied this 
effect by measuring α GST to detect early damage to liver 
cells and by measuring AST and ALT. They found that α 
GST returned to the normal range rapidly and AST and Alt 
levels were reduced 2 and 24 h after hepatectomy. They 
showed that dexmedetomidine exerted a protective 
effect on IRI after hepatectomy.

Human serum albumin is considered to be the 
most plentiful plasma protein. It represents about 
50% of the total plasma proteins (3.5–5 g/l). It is 
synthesized exclusively by hepatocytes, which allows 
it to enter the bloodstream without being stored. 
Normally, 20–30% of hepatocytes only contribute to 
the production of 9–12 g of albumin per day. As 
a result, the liver has a substantial functional reserve, 
so it can increase protein synthesis by 3–4 times 
when necessary [22].
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Figure 1. Line graph between groups as regards MAP. Data are presented as mean ± SD, A = TIVA group, B = desflurane group, 
MAP = mean arterial pressure.
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Figure 2. Line graph between groups as regards HR. Data expressed as mean ± SD, A = TIVA group, B = desflurane group, HR = 
heart rate.
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Although low albumin levels are not a cardinal sign in 
acute liver injury, hypoalbuminemia was linked to 
a higher risk of acute liver failure in patients suffering 
from acute hepatitis A [23]. In the current study, differ-
ences in albumin levels were apparent only at days 3 
and 6.

In our study, although both surgeons and patients 
were blinded to group assignment, it was not possible 
to blind the anesthesiologist to the anesthesia method 
beside that our results were mainly laboratory which 
were not subjected to researcher’s bias. In group A, the 
TIVA technique with preset doses of propofol was used 
due to the unavailability of target controlled infusion 
(TCI) in our facility. In group B, induction of anesthesia 
was achieved by thiopental sodium instead of propofol 
to isolate the effects of desflurane on the liver.

Patients classified as Child–Pugh C cirrhosis were 
not included in the study as they were considered contra-
indication for hepatic resection. Patients who performed 
additional ablation therapies (cryosurgery or radiofre-
quency ablation) were also excluded for fear that these 
procedures might have affected the remaining liver tis-
sue functions.

Although total blood loss, total fluid requirements, 
central venous pressure, pulse pressure variation, and 
urine output were monitored throughout the procedure, 
they were not included in the study parameters as we 
focused on the postoperative liver function. Separating 
the exact hepatoprotective effects of propofol and dex-
medetomidine was not possible in our study design.

Patients treated with propofol/dexmedetomidine 
showed significantly lower HR and MAP. Other studies 
referred to similar effects for dexmedetomidine’s activa-
tion of presynaptic α2-adrenoceptors in both vascular 
endothelial cells and the central nervous system, which 
results in vasodilation [24].

Propofol had no advantage over desflurane in low-
ering MAP [25]. Although we cannot extrapolate these 
results to our study, however, we may anticipate that 
the intraoperative hemodynamic differences are 
mainly due to dexmedetomidine.

8. Conclusion

In conclusion, our results showed that the technique for 
the maintenance of anesthesia using intravenous infu-
sion of propofol and dexmedetomidine resulting in less 
derangement in liver functions seems favorable in the 
early postoperative period after hepatectomy; however, 
its impact on the final surgical outcome is not known 
from this study.
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