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Abstract: Thirty patients undergoing lower abdominal surgery
were studied to compare liver and renal functions in total
intravenous anesthesia (TIVA) using midazolam and fentanyl
with those in enflurane-nitrous oxide anesthesia (GOE).
Patients were randomly divided into two groups of 15. In
the TIVA group, anesthesia was induced with 0.3mgkg™!
midazolam and maintained with 0.68 mg-kg='-h~! midazolam
for 15min followed by 0.125mg-kg=*h~! midazolam and
fentanyl. In the GOE group, anesthesia was induced with
5mgkg! thiamylal and maintained with enflurane—nitrous
oxide in oxygen. Plasma levels of aspartate aminotransferase,
- alanine aminotransferase (ALT), lactate dehydrogenase, total
bilirubin, alkaline phosphatase, y-glutamyl transpeptidase (y-
GTP), blood urea nitrogen (BUN), and creatinine (Cr) were
measured before and at 1, 7, and 30days after surgery. There
were transient increases beyond the normal range in ALT and
y-GTP in both groups. BUN and Cr were within the normal
range. There were no differences between the two groups
regarding these parameters and the numbers with abnormally
high levels of each parameter. In conclusion, liver and renal
functions following TIVA using midazolam and fentanyl
were the same as those following enflurane—nitrous oxide
anesthesia.
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Introduction

Total intravenous anesthesia (TIVA) has been dis-
cussed in many reports because volatile anesthetics
produce problems of air pollution, bone marrow sup-
pression, and possible toxicity to the liver and kidneys
[1,2]. We also previously studied the hemodynamics,
plasma levels of catecholamine, and postoperative anal-
gesia in TIVA using midazolam and fentanyl [3,4]. Tt is
well known that each of these two intravenous anesthet-
ics has little effect on liver and renal functions. How-
ever, the elevated serum catecholamine levels during
TIVA [5] will increase the metabolism and vascular
resistance in the liver and kidney, which might affect
liver and renal functions. No reports have appeared
regarding postoperative liver and renal functions fol-
lowing TIVA. The aim of this study was to compare
liver and renal functions after TIVA using midazolam
and fentanyl with those following enflurane—nitrous ox-
ide anesthesia (GOE).

Methods

Following the approval of the Ethics Committee of the
hospital and gaining informed consent, we studied 30
patients, aged 40-70years with ASA class 1 or 2, sched-
uled for elective lower abdominal surgery. Those who
had abnormally high plasma levels of liver enzymes,
blood urea nitrogen (BUN), or creatinine (Cr), or were
taking any drugs prior to surgery were excluded. They
were divided into two groups according to a random-
number table: a TIVA group and a GOE group of 15
patients each.

Atropine {0.5mg) and hydroxyzine (50mg) were in-
jected intramuscularly as premedication 30min before
the patient entered the operating room. Prior to general
anesthesia, an epidural catheter was inserted into a
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single interspace from Th10 to L2 for postoperative
pain control.

In the TIVA group, anesthesia was induced with
0.3mgkg™! midazolam, and tracheal intubation was
performed with 1mg pancuronium followed by
1mgkg! suxamethonium. Midazolam was infused at
0.68mgkg th™? for 15min followed by (0.125mg
kg -h~! according to the method of Persson et al. [6],
with its infusion being stopped about 30min before the
end of surgery. Fentanyl and pancuronium were inter-
mittently administered as necessary. Oxygen (61 min~1)
was inhaled and no volatile anesthetics were used. Atro-
pine (1 mg) and neostigmine (2 mg), naloxone (0.2 mg),
and aminophylline (125mg) were administered at the
end of surgery to antagonize muscle relaxant, fentanyl,
and midazolam, respectively.

In the GOE group, anesthesia was induced with
Smgkg! thiamylal and tracheal intubation was per-
formed as in the TIVA group. Anesthesia was main-
tained with 1.0%-2.0% (end-tidal concentration)
enflurane and 3 I'min~! nitrous oxide in 21‘min~"! oxygen.
Atropine (1 mg) and neostigmine (2mg) were adminis-
tered at the end of surgery. An end-tidal concentration
of 1.68% enflurane was calculated as 1 minimum alveo-
lar concentration (MAC).

Postoperative pain control was performed with inter-
mittent epidural injection of 0.25% bupivacaine and
buprenorphine. Cefazolin was used as an antibiotic for
7 days after surgery in every case. Those who had ap-
parent infection were excluded from this study.

Plasma levels of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydroge-
nase (LDH), total bilirubin (T.Bil), alkaline phos-
phatase (ALP), y-glutamyl transpeptidase (y-GTP),
BUN, and Cr were measured before surgery and at 1, 7,
and 30 days after surgery. All parameters were mea-
sured at the hospital’s central laboratory according to
standard procedures.

Data are given as mean = standard error. Statistical
analysis consisted of an analysis of variance (ANOVA)
with repeated measures for each parameter before
and after anesthesia, a y? test for sex, and the Mann—
Whitney U-test for other parameters between groups.
A P value less than 0.05 was considered statistically
significant.

Results

There were no significant differences between the two
groups for age, sex, body weight, duration of surgery,
and anesthesia (Table 1), and blood pressure and heart
rate (Table 2) during surgery. In the TIVA group, 48.5
* 41mg (range 41.0-61.4mg) midazolam and 717 +
60ug (range 600-900 ug) fentanyl were administered. In
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Table 1. Demographic data

TIVA group GOE group

Number of cases 15 15
Sex (male/female) 9/6 8/7
Age (years) 56 +£5 55«3
Body weight (kg) 529 =31 534 =48
Duration of

Surgery (min) 223 = 37 218 = 32

Anesthesia (min) 295 = 27 288 = 35

TIVA, total intravenous anesthesia; GOE, enflurane-nitrous oxide
anesthesia.

Mean = SEM.

There is no significant difference between the two groups.

Table 2. Blood pressure and heart rate

TIVA group

GOE group

Blood pressure
Systolic/diastolic (mmHg)
Before induction 135 £7/72 £ 6
Start of surgery 142 £ 9/79 = 8
1h after the start 140 = 6/80 = 5
of surgery
End of surgery
After extubation

130 = 9/66 = 7
139 £7/72 £ 9
131 =7/75 =9

130 £ 8/71 £ 6
128 = 8/71 £ 6

128 = 9/70 = 6
130 = 7/71 £ 5

Heart rate (beats-min~')

Before induction 65 4 68 =5

Start of surgery 76 = 6 77 = 4

1h after the start 69 =3 70 =5
of surgery

End of surgery 68 £3 68 = 4

After extubation 71 %3 723

Mean *= SEM.
There is no significant difference between the two groups.

the GOE group, 41 = 02MAC-h (range 3.1-
47MAC-h) enflurane was used.

AST and ALT on the 7th day after surgery and T. Bil
on the 1Ist day after surgery in the TIVA group, and
LDH on the 1st and 7th days after surgery in both
groups increased significantly compared to the
presurgical values. However, they returned to the
presurgical values on the 30th day after surgery. BUN
and Cr were within the normal range in both groups.
There were no significant differences in these param-
eters between the two groups. The numbers who had
abnormally high levels in each parameter did not signifi-
cantly differ between the two groups (Fig. 1).

Discussion

Halothane [7] and enflurane [8] are known to cause
liver dysfunction. Nitrous oxide is reported to depress
bone marrow function [9]. Therefore, extended expo-
sure to volatile anesthetics is dangerous not only to the
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Fig. 1. Liver and renal functions. Closed circle, total intra-
venous anesthesia (TIVA) group (15 patients); open circle,
enflurane-nitrous oxide (GOE) group (15 patients); bar, SEM;
shaded area, normal range. The number who had an abnor-
mally high value is shown in parentheses. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lac-

patients, but also to the operating-room personnel [10].
The newly developed volatile anesthetics isoflurane [11]
and sevoflurane [12] are also reported to cause liver
dysfunction. However, no reports have indicated that
midazolam or fentany! alone cause liver or other organ
dysfunction. In addition, intravenous anesthetics do not
result in air pollution.

The TIVA method employed in the present study
generated stable hemodynamics and postanesthetic
analgesia [3], although it produced higher serum
catecholamine levels than did enflurane—nitrous oxide
anesthesia during surgery in our previous study [5]. In
the present study, the TIVA group presented a tran-
sient but significant elevation in AST, ALT, LDH, and
T.Bil following surgery, which might be due to in-
creased metabolism or vascular resistance by catechola-
mine [13,14] in the liver during TIVA. However, these
elevations did not differ significantly from those in the
GOE group. The increases in liver enzymes were in part
due to the abdominal surgical procedure employed,
which unquestionably influenced liver blood flow and
function.

Regarding the effect on renal function of anesthetics,
methoxyflurane is well known to cause renal damage

Days after surgery

Before 1 7 30 (days)
Days after surgery

7 30 (days)

tate dehydrogenase; T.Bil, total bilirubin; ALP, alkaline
phosphatase; y-GTP, y-glutamyl transpeptidase; BUN, blood
urea nitrogen; Cr, creatinine. * P < 0.05 vs the value before
surgery. There are no significant differences in any parameters
between the two groups

[15] and no other anesthetics are reported to cause renal
dysfunction. The normal values of BUN and Cr in the
present study indicate that renal function was not clini-
cally affected by either TIVA or enflurane—nitrous ox-
ide anesthesia.

In conclusion, the results of this study suggest that
liver and renal functions following TIVA using
midazolam and fentanyl are the same as those after
enflurane—nitrous oxide anesthesia. To clarify this
problem, further studies are necessary in much larger
populations.

References

1. Nilsson A, Tamsen A, Persson P (1986) Midazolam-fentanyl an-
esthesia for major surgery. Plasma levels of midazolam during
prolonged total intravenous anesthesia. Acta Anaesthesiol Scand
30:66—69

2. Reves JG, Glass P, Jacobs JR (1989) Alfentanyl and midazolam:
New anesthetic drugs for continuous infusion and an automated
method of administration. Mount Sinai J Med 56:99-107

3. Nishiyama T, Odaka Y, Seto K (1990) Total intravenous anesthe-
sia with continuous infusion of midazolam (in Japanese with En-
glish abstract). Masui (Jpn J Anesthesiol) 39:1120-1125

4. Nishiyama T, Odaka Y, Seto K (1990) Total intravenous anesthe-
sia with continuous infusion of midazolam. Study on plasma levels



of midazolam and catecholamines (in Japanese with English ab-
styact). Masui (Jpn J Anesthesiol) 39:1383-1387
- Nishiyama T, Odaka Y, Seto K (1990) Comparison between in-
travenous anesthesia and inhalation anesthesia (in Japanese).
Rinsho Masui (Jpn J Clin Anesth) 14:1257-1260
. Per§son P, Nilsson A, Hartvig P, Tamsen A (1987) Pharmacoki-
netics of midazolam in total LV. anaesthesia. Br J Anaesth
59:548-556
- Subcommittee on the National Halothane Study of the Commit-
ted on Anesthesia, National Academy of Sciences—National Re-
search Council (1966) Summary of the National Halothane Study.
Possible association between halothane anesthesia and postop-
erative hepatic necrosis. JAMA 197:775-788
- Adams AP (1981) Enflurane in clinical practice. Br J Anaesth
53:527-41
- Nunn JF, Sharer NW, Gorchein A, Jones JA, Wickramasinghe
SN (1982) Megaloblastic haemopoiesis after multiple short-term
exposure to nitrous oxide. Lancet 1379-1381

T. Nishiyama and T. Iwasaki: Liver and renal functions after TIVA

10.

11.

12.

13.

14.

15.

Report of an ad hoc committee on the effect of trace anesthetics
on the health of operating room personnel, American Society of
Anesthesiologists (1974). Occupational disease among operating
room personnel: A national study. Anesthesiology 41:321-340
Hirakawa M (1993) Metabolism of volatile anesthetics and organ
dysfunction (in Japanese). Rinsho Masui (J Jpn Soc Clin Anesth)
13:504-514

Ogawa M, Doi K, Mitsufuji T, Satoh K, Takatori T (1991) Drug-
induced hepatitis following sevoflurane anesthesia in a child
(in Japanese with English abstract). Masui (Jpn J Anesthesiol)
40:1542-1545

Gelmans S (1987) General anesthesia and hepatic circulation.
Can J Physiol Pharmacol 65:1762-1779

Hanson KM (1973) Response of intrahepatic vasculature to
isoproterenol and epinephrine infusions. Angiologica 10:65-75
Mazze RI, Shue GL, Jackson SH (1971) Renal dysfunction asso-
ciated with methoxyflurane anesthesia. A randomized, prospec-
tive clinical evaluation. JAMA 216:278-288



