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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 0.3mg.kg l 
midazolam and maintained with 0.68mg.kg-l-h -1 midazolam 
for 15min followed by 0.125mg.kg ~.h -1 midazolam and 
fentanyl. In the GOE group, anesthesia was induced with 
5mg.kg 1 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 30 days 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 T IV A  using midazolam and fentanyl [3,4]. It 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 
T IV A  [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 T IVA group and a G O E  group of 15 
patients each. 

Atropine (0.5 rag) and hydroxyzine (50rag) 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 f rom T h l 0  to L2 for postoperat ive 
pain control. 

In the T I V A  group, anesthesia was induced with 
0.3mg.kg -~ midazolam, and tracheal intubation was 
per formed with l mg pancuronium followed by 
l m g . k g  -1 suxamethonium. Midazolam was infused at 
0.68mg.kg-l .h 1 for 15min followed by 0.125mg. 
kg ~.h -~ according to the method  of Persson et al. [6], 
with its infusion being s topped 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 rag), naloxone (0.2 mg), 
and aminophylline (125mg) were administered at the 
end of surgery to antagonize muscle relaxant, fentanyl, 
and midazolam, respectively. 

In the G O E  group, anesthesia was induced with 
5mg.kg 1 thiamylal and tracheal intubation was per-  
formed as in the T I V A  group. Anesthesia was main- 
tained with 1 .0%-2.0% (end-tidal concentration) 
enflurane and 31.min ~ nitrous oxide in 21.min -1 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 concentrat ion (MAC).  

Postoperat ive pain control was per formed 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 f rom this study. 

Plasma levels of aspar ta te  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.  

Da ta  are given as mean  _+ standard error. Statistical 
analysis consisted of an analysis of variance ( A N O V A )  
with repeated  measures  for each paramete r  before 
and after anesthesia, a X 2 test for sex, and the M a n n -  
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 T I V A  group, 48.5 
+-_ 4.1mg (range 41.0-61.4mg) midazolam and 717 +_ 
60 ~tg (range 600-900 ~tg) 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) 52.9 • 3.1 53.4 • 4.8 
Duration of 

Surgery (min) 223 • 37 218 + 32 
Anesthesia (rain) 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 • 6 130 - 9/66 +_ 7 
Start of surgery 142 • 9/79 +_ 8 139 • 7/72 -+ 9 
lh  after the start 140 -:-_ 6/80 + 5 131 + 7/75 • 9 

of surgery 
End of surgery 130 • 8/71 _+ 6 128 + 9/70 _+ 6 
After extubation 128 _+ 8/71 _+ 6 130 + 7/71 • 5 

Heart rate (beats.min J) 
Before induction 65 + 4 68 _+ 5 
Start of surgery 76 •_ 6 77 +- 4 
lh  after the start 69 • 3 70 • 5 

of surgery 
End of surgery 68 + 3 68 • 4 
After extubation 71 _+ 3 72 • 3 

Mean _+ SEM. 
There is no significant difference between the two groups. 

the G O E  group, 4.1 +_ 0 . 2 M A C . h  (range 3.1- 
4.7 M A C .  h) enflurane was used. 

AST and A L T  on the 7th day after surgery and T. Bil 
on the 1st day after surgery in the T I V A  group, and 
L D H  on the 1st and 7th days after surgery in both 
groups increased significantly compared  to the 
presurgical values. However ,  they re turned to the 
presurgical values on the 30th day after surgery. B U N  
and Cr were within the normal  range in both  groups. 
There  were no significant differences in these param- 
eters be tween the two groups. The numbers  who had 
abnormal ly  high levels in each paramete r  did not  signifi- 
cantly differ between the two groups (Fig. 1). 

Discussion 

Halo thane  [7] and enflurane [8] are known to cause 
liver dysfunction. Nitrous oxide is repor ted  to depress 
bone  mar row 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- 

tate dehydrogenase; T.Bil, total bilirubin; ALP,  alkaline 
phosphatase; 7-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 

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 fentanyl alone cause liver or other organ 
dysfunction. In addition, intravenous anesthetics do not 
result in air pollution. 

The T I V A  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 T I V A  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 

[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 T I V A  or enflurane-nitrous ox- 
ide anesthesia. 

In conclusion, the results of this study suggest that 
liver and renal functions following T I V A  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. 
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