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/ Abstract

Background: The effect of hepatic cirrhosis on
anesthetic requirement is still uncertain. Some
studies showed that, end stage hepatic disease
or cirrhotic patients might have less inhalational
anesthetic requirement than patients with
normal hepatic function. In this study, during
major hepatic resection, end-tidal sevoflurane
concentration was compared between cirrhosis
and non-cirrhosis patients.

Methods: Our prospective observational study
included 30 patients with hepatic tumors under-
going open major hepatic resection. The patients
were divided into two groups: cirrhosis group
(n=15) and non-cirrhosis group (n=15). Thoracic
epidural combined with general anesthesia was
performed. End tidal sevoflurane concentration
was adjusted with target BIS between 40-55.
Morphine and lidocaine were given via epidural
catheter for pain control during perioperative

periods. The primary outcome of the study is

mean end-tidal sevoflurane. Demographic data
including age, sex, weight, ASA physical status
and other secondary outcomes were obtained
from anesthetic records.

Results: The mean end-tidal sevoflurane concen-
tration was 1.59+0.23 vol.% in cirrhosis group and
1.67+0.19 vol.% in non-cirrhosis group (P=0.329).
Minimal alveolar concentration (MAC) in cirrhosis
group and non-cirrhosis group were 0.84+0.10
and 0.87+0.07 (P=0.330), respectively. There is no
significant difference in demographic data except
for the ASA status (P=0.002) and the duration of
operation (P=0.033).

Conclusion: Our study shows that there is no
difference in end-tidal sevoflurane concentration,
minimal alveolar concentration between cirrhosis
and non-cirrhosis.
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Introduction

Cirrhosis is the risk factor for development
of hepatocellular carcinoma (HCC), which is
present in 70-90% of those who have primary
hepatic cancer.! Recent advances in surgical
techniques and postoperative care have made
liver resection safe even in patients with higher-
degree cirrhotic with portal hypertension.”
However, liver cirrhosis has still become one of
the major causes of morbidity and mortality.
The mortality rates of cirrhotic patients under-
going abdominal surgery could be as high as
10%, 30% and 82% with Child-Turcotte-Pugh
classes A, B and C, respectively.’

Preclinical and clinical data suggested
that the severity of hepatic disease may have an
effect on anesthetic requirements. A previous
study has found that the minimal alveolar
concentration (MAC) of sevoflurane in end
stage hepatic disease or in cirrhotic patients
was lower than that of patients with normal
hepatic function.® The mechanisms of this
decreased inhalational anesthetic requirement
in cirrhotic patients are poorly understood,
but there is some theoretical background that
might explain this result. Since exogenous
narcotics are known to reduce the MAC of
sevoflurane’®, endogenous narcotics may have
a similar effect. The level of Met-enkephalin,
an endogenous opioid, was found to be higher
in cirrhosis®, thus cirrhotic patients may pos-
sibly demand a smaller dose of inhalational
anesthetic than patients with normal hepatic
function. Another hypothesis is that due to a
diminished capability of the cirrhotic liver to
metabolize inhalation agents, the requirement of
sevoflurane may decrease.” The last hypothesis
refers to association between hepatic cirrhosis
and mild hepatic encephalopathy (MHE). MHE

is highly prevalent in cirrhotic patients and
can be seen between 30-84%.° Patients with
MHE do not show evident neurological deficits
but instead have discernible cognitive dysfunc-
tion. These changes in the brain might explain
the decreased requirement of sevoflurane.’

Over usage of an inhalation anesthetic
agents is associated with hypotension, delayed
emergence and post-operative cognitive
dysfunction.” This excessive use can increase
morbidity and mortality in cirrhotic patients
after abdominal surgery. Thus, appropriate
and careful use of volatile anesthetic agents
may reduce not only the volume of volatile
consumption, but also cost and post-operative
complications.

The aim of this study is to define the
effect of hepatic cirrhosis on anesthetic require-
ment. Primary outcome of this prospective
observational study was to compare the end-
tidal concentration of sevoflurane in cirrhosis
to non-cirrhosis patients. Secondary outcomes
were MAC and total sevoflurane consumption
(mL/h).

Patients and methods

The study was conducted in accordance
with the Declaration of Helsinki (World Medical
Association 2013), using procedures approved by
the Institutional Review Board (number 239/60)
and was nationally registered (Thai Clinical Trials
Registry; TCTR-20170929002). All patients
undergoing major hepatic resection, defined
as resection of 3 or more segments, between
October 1, 2017-October 31, 2018 were recruited
into this study. The following conditions were
considered exclusion criteria: patients with known
neurologic or psychiatric disorders, history of

chronic sedatives usage and alcohol consumption,
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clinically significant cardiovascular, respiratory
or renal diseases, family history of malignant
hyperthermia and body mass index (BMI) >30
kg/m?’.

Written informed consent for the study
was obtained from the included patients. The
patients were divided into two groups according
to their clinical features and liver imaging findings
as well as biochemical results, namely group C
(cirrhosis group, n=15) and group N (non-cirrhosis
group, n=15). Patients did not receive any
sedative or analgesic premedication before
induction of anesthesia, as recommended in
the enhanced recovery after surgery protocol for
liver surgery."" Combined mid-thoracic epidural
(T7-T10) and general anesthesia were performed in
all patients. Monitoring devices were comprised of
continuous electrocardiography, pulse oximetry,
non-invasive blood pressure, capnography.
Surface electrodes for the BIS (BIS VISTA™, Aspect
Medical system) were placed to the patient’s
forehead. After the induction of anesthesia
double lumen catheter was inserted in the
right internal jugular vein for central venous
pressure measurement and a radial artery
cannula was inserted for arterial pressure
measurement and arterial blood gas test.
A forced-air warming was used in both groups
to maintain normothermia and the urine output
was monitored. Morphine 0.07 mg/kg was
administered via epidural catheter after intuba-
tion for pain control during perioperative periods.
1% lidocaine 3-5 ml were given via epidural
catheter before surgical incision. Anesthesia was
maintained with sevoflurane in Oz/air, (FiO2 50%
with a fresh gas flow of 2 L/min). The end-tidal
concentration of sevoflurane and MAC were
adjusted to maintain BIS index of between 40
and 55. These two parameters were monitored

from anesthetic machine and recorded every 5
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minutes as other standards of monitoring. The
ventilated tidal volume was set to 6 to 8 mlL/kg
to maintain normocapnia (ETCO,, 35-40 mm Hg).
Cisatracurium 1-2 mcg/kg/min was continuously
infused intravenously.

Mean arterial pressure (MAP) was kept at a
target of 65-75 mmHg depending on underlying
medical conditions. Hypertension was defined
as 20% increase of MAP from baseline while BIS
was within a target range (40-55). Hypertension
High blood pressure was treated with antihy-
pertensive medication. If there was a surgical
stimuli response that could not be suppressed
by epidural analgesia, patient would be given
intravenous fentanyl. Hypotension was defined
as decrease of MAP from baseline while BIS
was within a target range (40-55). Hypotension
was treated by increasing the rate of fluid or
administration of vasopressor medication
according to clinical need. After completion of
hepatic parenchymal dissection bleeding was
replaced by blood product, colloid or crystalloid
fluid. At the end of surgery, total volume of

sevoflurane usage was recorded.

Statistical analyses

The sample size was calculated by using
the test for comparing two independent means.
According to a previous study, mean end tidal
sevoflurane levels in both non-cirrhotic and
cirrhosis patients were 1.51+0.16 vol.% vs.
1.33+0.14 vol.% respectively.” We considered
a 0.2 minimum clinical difference would be
clinically significant. Therefore, we determined
that a sample size of 11 patients per group would
provide 80% significance and 95% confidence
level. With an expected 20% drop out rate, the
total number was 15 patients per group.

Continuous variables between the groups
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were compared using the unpaired t test or
Mann-Whitney U test and categorical variables
were analyzed using the Fisher’s exact test. All
variables were tested for normality using the
Shapiro-Wilk test. The data were presented
as the meanztstandard deviation or median
[interquartile range], according to the normality
of data distribution, or as a number (proportion).
Statistical analysis was conducted using SPSS
for Windows Version 22.0 (SPSS Inc., Chicago, IL,
United States). An effect was considered

statistically significant at P < 0.05.

Results

The demographic data of the patients
are shown in Table 1. Compared with those of
non-cirrhotic patients, the ASA physical status was
significantly higher, and the operative time was
significantly lower in cirrhosis group. There were
no other significant differences. Most patients in
the cirrhosis group were diagnosed by regular
surveillance due to chronic viral hepatitis or
incidental imaging analysis. Using Child-Turcotte-
Pugh scoring system, all of them were classified
as Child class A. Since cirrhosis is an essential
risk factor for the development of HCC, 14 out
of 15 patients in cirrhosis eroup were diagnosed
with HCC. In non-cirrhosis group, the pathology
mostly came from secondary hepatic cancer'”
which was colorectal liver metastasis.

The results of end-tidal sevoflurane are
presented in Figure 1. The mean of end-tidal
sevoflurane concentration in patients with
cirrhotic livers (group C) was 1.59+0.23 vol.%
and that of non-cirrhotic livers (group N) was
1.67+0.19 vol.%. The difference between Groups
Cand N were not statistically significant (P>0.05).
The mean MAC of sevoflurane was also not
statistically significant (0.84+0.10 vs 0.87+0.07,

P=0.329). The mean of total sevoflurane
consumption, which was calculated by total
volume of sevoflurane usage divided by
operative hours, was significantly lower in patients
with non-cirrhosis group compared to that of
cirrhosis group (11.03+1.89 mL/h vs 13.64+2.10
mL/h, P=0.001%) as reported in Table 2.

Discussion

BIS is one of several methods used to
monitor depth of anesthesia. In this study we
titrated the sevoflurane administration during
major hepatic resection in cirrhotic and non-
cirrhotic patients, to achieve BIS range of 40-55
which is a usual target to prevent awareness
during general anesthesia. Our findings indicated
that there was no significant difference of the
end-tidal sevoflurane concentration between
two groups. This observation is inconsistent with
other published data.

In an animal model, the study demon-
strated that the MAC of sevoflurane decreased
significantly in rabbits with chemically induced

liver fibrosis compared to the control group.”
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Figure 1 End-tidal sevoflurane in cirrhotic and

non-cirrhotic patients. Values are expressed as

mean+SD (volume %)
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Table 1 Characteristics of cirrhotic and non-cirrhotic patients

Variabl Cirrhosis Non-cirrhosis .
ariables (n=15) (n=15) -value

Age (years), mean+SD 61.4+12.0 57.6+11.7 0.388
Female/Male, n 2/13 6/9 0.215
BMI (kg/m?), mean=SD 23.6+3.4 23.2+4.2 0.758
ASA physical status, n (%)
I 0 3 (20.0) 0.224
Il 3 (20.0) 8 (53.3) 0.128
i 12 (80.0) 4.(26.7) 0.009*
Diagnosis, n (%)
Hepatocellular carcinoma 14 (93.3) 4.(26.7) <0.001*
Colorectal liver metastasis 0 6 (40.0) 0.017
Cholangiocarcinoma 1(6.7) 2 (13.3) 1.000
Others 0 3 (20.0) 0.224
Operation, n (%)
Right hepatectomy 8(53.3) 9 (60.0) 1.000
Left hepatectomy 2(13.3) 4(26.7) 0.651
Central hepatectomy 1(6.7) 0 1.000
Multi-segmentectomy 1(6.7) 2(13.3) 1.000
Epidural morphine (mg), mean+SD 4.7+0.5 4.5+1.2 0.672
Operative time (min), mean+SD 312.2+75.9 389.4+109.9 0.033*
Hypotension, n (%) 6 (40.0) 7 (46.7) 1.000
Estimated blood loss (ml), median (IQR) 500 (300, 650) 500 (300, 700) 0.900
Bispectral index 49.1+5.7 46.6+2.8 0.160

Value presented as mean+SD or median (IQR) and number (%).
P-value corresponds to independent t-test or Mann-Whitney U test and Fisher’s exact test.
*P-value < 0.05, BMI; body mass index

Table 2 MAC of sevoflurane and sevoflurane consumption during the study

v bt Cirrhosis Non-cirrhosis Pval
ariables (n=15) (h=15) -value
0.84+0.10 0.87+0.07 0.330

Sevoflurane consumption (mL/h) 13.64+2.10 11.03+1.89 0.001*

Value presented as mean+SD, MAC; minimum alveolar concentration
*P-value < 0.05
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It is possible that the biotransformation of
sevoflurane may be reduced in animals with
liver fibrosis due to the depletion of cytochrome
P-450." Refaat et al. reported that the end-
tidal concentration of sevoflurane required to
achieve a constant entropy range of 40-60 and
total sevoflurane consumption were significant-
ly lower in cirrhotic liver compared with non-
cirrhotic liver patients.” Wang et al. compared
isoflurane concentration required to maintain a
BIS index of 45-55 in three groups of patients.
The outcome showed that end-stage liver
disease patients undergoing liver transplantation
required the least end-tidal isoflurane concen-
tration followed by chronic hepatitis B with
hepatocellular carcinoma patients undergoing
hepatic resection. Otherwise healthy live liver
donors required the highest concentration. They
concluded that end-tidal isoflurane concentra-
tion requirements are different for patients with
various liver status.'

Unlike other studies, the reason that
we could not demonstrate the difference of
sevoflurane requirement between groups may
derive from two factors. Firstly, in previous
studies, we have noticed that the mean age
of cirrhotic patients was significantly higher. In
Refaat et al. study, the mean age in cirrhosis
group was 47.9+11.22 and in the control group
was 29.7+8.52 (P<0.05).” In Wang et al. study,
the mean age of end-stage liver disease patients
and control group were 51.9+18.2 and 32.9+9.2
(P<0.05), respectivety.16 In our study, the mean
age showed no significant difference among the
study and control group. This could perhaps
explain the difference in MAC requirements in
the previous two studies since increasing age also
decreases the MAC of sevoflurane at about 6%

17,18

per decade ", then elderly patients required

lower anesthetic inhalation concentration
compared to younger patients.

Secondly, according to the Barcelona Clinic
Liver Cancer classification’’, curative hepatic
resection in cirrhotic patients is recommended
only in early tumor stages at Child class A
without portal hypertension.” Our study based
the diagnosis of liver cirrhosis on computerized
tomography scan or magnetic resonance imaging
together with clinical features, and biochemical
results’" under the same criteria as in previous
s’cudy.9 However, 10 out of 15 patients in cirrhosis
group, the pathology reports from surgical tissue
showed only mild or early stage liver fibrosis.
These results might occur due to early detection
and treatment of HCC in cirrhotic patients.
Therefore, even advanced liver cirrhosis and
portal hypertension are not considered as an
absolute contraindication for hepatic resection.
Our results demonstrated that major hepatic
resections in cirrhosis were commonly performed
in patients with relatively good liver function
at Child class A. The effect of cirrhosis might
not be present in this group of patients as
opposed to cirrhosis Child B, C or in end stage
liver disease patients. These two situations can
possibly explain why our study could not find
any significant difference of end-tidal sevoflurane
between groups.

With regards to secondary outcome, the
mean MAC of sevoflurane was not significantly
difference between groups. The result was also
correlated with the primary outcome in contrast
to the mean of total sevoflurane consumption.
Sevoflurane consumption (mL/h) was significantly
lower in non-cirrhosis group. Since The study
was not specifically powered for the secondary
result, this result was not conclusive. Another

hypothesis to this outcome derives from rostral
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spread of epidural morphine. Since most of the
patients the non-cirrhosis group were diagnosed
with colorectal liver metastasis then the patients
would be treated with neoadjuvant chemother-
apy. The chemotherapy had toxic injury to the
liver parenchymal which result in negative impact
on surgical technique and duration of surgery."
Due to longer operative time in non-cirrhosis
group, epidural morphine could reach supraspinal
receptors during that period” and this may cause
side effects such as sedation.” So, to maintain
the same depth of anesthesia, the non-cirrhosis
group might require less amount of inhalational
anesthetic agent especially during at the end
of surgery. Further investigations may require
clarifying this hypothesis.

After hepatic resection, morphine phar-
macokinetics are affected by reduced hepatic
function and plasma clearance.” However,
pain in open hepatic resection is categorized as
severe pain and morphine is generally given
during perioperative period. To provide better
postoperative pain control, epidural morphine
with local anesthetic is preferred in our hospital.
Caution is still needed when using morphine in
this patient group. None of the patients in both
groups were found to have serious adverse
effects such as over sedation or respiratory
depression.

To the best of our knowledge, this is the
first clinical study to investigate the effect of Child
A cirrhosis on sevoflurane requirement under the
same variable factors. Many variables alter the
amount of inhalational anesthetic required during
general anesthesia for example; age, tempera-
ture, sedative-hypnotic agents, and opioids. The
strength of our study was these variables were
not different between groups.

Sahadol Poonyathawon, et al.

Limitations

This study was conducted using a relatively
small sample size. Moreover, there are also other
factors that may limit our results. Firstly, in liver
cirrhosis, there are many different score systems
for grading the severity of liver fibrosis from
surgical pathology, otherwise the results from
surgical pathology may not represent all parts
of the liver. This could be another limitation to
our study. Secondly, in our non-cirrhosis group,
most of the patients developed liver tumors from
colorectal liver metastasis, cholangiocarcinoma
or hepatic adenoma. There was no previous study
about their effect on inhalational anesthetic

requirement. Further studies may be required.

Conclusion

Regarding inhalation anesthetic agents, our
study could not show any significant difference
in end-tidal sevoflurane requirement between
Child-Turcotte-Pugh class A cirrhosis and non-
cirrhosis. Nonetheless, we recommend anesthe-
siologists be cautious with over usage of inhala-
tion agents, and BIS monitoring or other devices
could be used to maintain adequate depth of
anesthesia in patients with hepatic dysfunction.
This is due to the higher risks of perioperative
morbidity and mortality in cirrhotic patients
compared to patients with normal hepatic

function.
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