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Midazolam improves 
postoperative epidural 
analgesia with continu- 
ous infusion of local 
anaesthetics 

Purpose: Midazolam has been shown to have an analgesic effect by single shot epidural administration. In this study, the 
effect of midazolam on continuous epidural infusion of bupivacaine was investigated to find a better combination for postop- 
erative analgesia. 
Methods: Sixty patients scheduled for gastrectomy were divided into three groups of 20. The following mixtures, in 40 ml, 
were infused continuously over 12 hr after surgery; 40 ml bupivacaine 0.5% in Group C, bupivacaine 0.5% 38 ml + 10 mg 
midazolam in Group M I0, and bupivacaine 0.5% 36 ml + 20 mg midazolam in Group M20. If necessary, 50 mg 
indomethacin suppository was administered. Blood pressure, heart rate, respiratory rate, analgesia score, and sedation score 
were monitored for 12 hr after surgery. Amnesia and frequency of the administration of indomethacin suppository were also 
noted. 
Results: Blood pressure, heart rate and respiratory rate showed no differences among the groups. Greater sedation was 
seen in Groups M I 0 and M20 compared with Group C during first 120 min (P < 0.05). The number of patients with mem- 
or'/was larger in Group C (I 8) than in Group M I 0 (I 0, P = 0.006) and Group M20 (6, P < 0.001 ). Better analgesia was 
obtained in patients receiving midazolam than in Group C (P < 0.05). The frequency of the indomethacin administration was 
2.0 +_ I. I (SD) in Group C, which was larger than in Group M I 0 (I. I _ 0.9, P = 0.035) and Group M20 (I.2 -4 0.7, P 
= 0.039). 
Conclusion: Adding midazolam to a continuous epidural infusion of bupivacaine provides better analgesia, amnesia and 
sedation than bupivacaine alone without side effects in patients undergoing laparotomy. 

Object i f  : I'effet analg&ique du midazolam a ErE prouvE lots de radministration Epidurale d'une dose unique. La 
pr&ente Etude veut Evaluer reffet du midazolam sur la perfusion Epidurale continue de bupivaca'ine afln de trouver une 
meilleure combinaison pour I'analgEsie post op&atoire. 
M&hodes : Soixante patients devant subir une gastrectomie ont EtE rEpartis en trois groupes de 20. Les melanges 
suivants, en dose de 40 ml, ont EtE perfus& pendant 12 heures apr~s la chirurgie : 40 ml de bupivaca~'ne ~ 0,5 % pour 
le groupe C, 38 ml de bupivacaine ~ 0,5 % + 10 mg de midazolam pour le groupe M 10 et 36 ml de bupivacaine 
0,5 % + 20 mg de midazolam pour le groupe M20. Quand c'&ait n&essaire, on a administrE 50 mg d'indom&hacine 
en suppositoires. La tension art&ielle, les frEquences cardiaque et respiratoire de m~me que les niveaux d'analgEsie et 
de sedation ont fair I'objet d'une surveillance de 12 heures apr& la chirurgie. On a aussi note la presence d'amnEsie et 
la frEquence d'administration d'indom&hacine. 
REsultats : Aucune difference intergroupe n'a ErE not& en ce qui conceme la tension art&ielle et les frEquences car- 
diaque et respiratoire. Une sedation plus profonde a EtE observEe dans les groupes M l0 et M20 compares au groupe 
C pendant les 120 premi&es minutes (P < 0,05). Le nombre de patients avec mEmoire Etait plus grand dans le groupe 
C (18) que dans le groupe M I 0 ( I 0, P = 0,006) et le groupe M20 (6, P < 0,001). Une meilleure analg&ie a &E 
obtenue chez les patients recevant du midazolam que chez ceux du groupe C (P < 0,05). La frEquence d'administra- 
tion de t'indom&hacine &ait de 2,0 + I, I (&art type) dans le groupe C, ce qui &ait plus ElevE que dans le groupe 
M 10 (I, I -+ 0,9 P = 0,035) et le groupe M20 (I,2 _+ 0,7 P = 0,039). 
Conclus ion : I'addition de midazotam ~ une perfusion Epidurale continue de bipuvacal'ne produit une analg&ie, une 
perte mEmoire et une sedation meilleures que la bcipivacatne employee seule et sans effets secondaires chez des pa- 
tients qui subissent une laparotomie. 
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T 
HE GABA (gamma -aminobutyric acid)^ 
receptor in the spinal cord is involved in 
nociceptive mechanisms. 1,2 Midazolam, the 
only clinically available water soluble benzo- 

diazepine, has an analgesic action by its action on the 
benzodiazepine GABA A receptor complex, s Intrathecal 
administration ofmidazolam produces anti-nociceptive 
effects in rats 4 and in humans, s In a human study by 
Serrao e t  al . ,  6 spinally administered midazolam relieved 
chronic mechanical low back pain. We reported that a 
single shot epidural injection ofmidazolam has an anal- 
gesic effect on postoperative somatic, but not visceral 
pain. 7-1~ Therefore, after some types of  surgery such as 
laparotomy, it may be better to administer midazolam 
epidurally in combination with another agent which 
has an analgesic effect on visceral pain. 

In most animal investigations, no signs of  damage 
to the spinal cord or meninges were found in the 
rat, n,12 rabbit, Is and cat 14 . However, neurotoxicity 
has been reported in two studies. Malinowsky et  al. is 

and Svensson et  al .  16 showed spinal toxicity of  
intrathecally administered midazolam although the 
dose of subarachnoid midazolam was twice that giving 
reliable antinociception in rats. Thus, there is some 
controversy concerning the neurotoxicity of  intrathe- 
cally administered midazolam. In humans, no adverse 
or irreversible effects have been observed after 
intrathecal s,6 or epidural n,12,1s,17 administration of  
midazolam. Epidural administration of  midazolam 
may be less toxic to the spinal cord because the drug 
concentration in cerebrospinal fluid is lower than after 
intrathecal administration. 

Currently, continuous epidural administration of  
local anaesthetics and opioids is widely used for post- 
operative analgesia. To reduce the toxicity and blood 
pressure decrease by overdosage of  local anaesthetics, 
opioids are commonly added. However, this combina- 
tion may induce itching, nausea, vomiting, and/or  
respiratory depression by opioids. In our previous 
studies, 7-1~ single shot epidural administration of  
midazolam not only had no side effects but also 
induced some benefits for patients such as sedation 
and amnesia. There are no studies reporting the use of  
continuous epidural administration of midazolam for 
analgesia. Therefore, we investigated the analgesic 
effect of  continuous epidural administration of mida- 
zolam with bupivacaine on postoperative analgesia. 

Subjects and methods 
After approval of the protocol by our institutional 
review board and written informed consent, 60 patients 
(aged 40 to 70 yr, 45 to 70 kg in body weight) sched- 
uled for gastrectomy were enrolled in this study. They 

were divided into three groups of  20 patients at random 
by an envelope method. Patients who had used benzo- 
diazepines chronically, who had a history of  alcohol or 
other substance abuse, who had hepatic, renal, circula- 
tory, or respiratory abnormalities were excluded fi-om 
the study. 

Midazolam 0.05 mg.kg -1 with 0.01 mg.kg q atropine 
(maximum 0.5 mg) i m  was administered 15 min before 
entering the operating room as routine premedication. 
After epidural catheterization into a single interspinal 
space (T 7 - T12), anaesthesia was induced with sevoflu- 

rane 5%, and nitrous oxide 50% in oxygen. Oro-tracheal 
intubation was facilitated with 0.15 mg-kg q vecuroni- 
um. Before skin incision 6 ml lidocaine 1.5% were 
administered epidurally. Anaesthesia was maintained 
with sevoflurane 1 to 2%, nitrous oxide 67% in oxygen, 
and epidural block with intermittent 4 ml to 8 ml injec- 
tion oflidocaine 1.5% (judged by the effect on skin inci- 
sion of  the first administration by the anaesthetist). 
Pancuronium was used as a muscle relaxant during 
surgery. 

At the end of  surgery, 4 to 8 ml (same volume as 
used during surgery) bupivacaine 0.25% were injected 
epidurally. After tracheal extubation, continuous 
epidural infusion (40 ml over 12 hr) was started using a 
balloon infuser (DIB catheteff M, DIB International Co. 
Ltd., Tokyo, Japan). The contents of  the balloon 
infuser were as follows; 40 ml bupivacaine 0.5% 
(Marcain TM, Fujisawa Pharmaceutical Co. Ltd., Osaka, 
Japan) in Group C, 38 ml bupivacaine 0.5% +. 10 mg 
midazolam (Dormicum TM, Yamanouchi Pharmaceutical 
Co. Ltd., Tokyo, Japan) in Group M10, and 36 ml 
bupivacaine 0.5% + 20 mg midazolam in Group M20. 
In all groups, the total volume was 40 ml. Patients were 
observed in the intensive care unit and all variables were 
checked every 30 min during the first two hours then 
every hr until the end of the study. To keep the analge- 
sia level sufficient (level 3 or less), 50 mg indomethacin 
suppository was inserted if the level became 4. The 
minimum interval before repeating the insertion of sup- 
pository was 30 min. 

Blood pressure, heart rate, respiratory rate, analge- 
sia score, and sedation score were monitored for 12 hr 
postoperatively. Memory retention and frequency of  
the administration of indomethacin suppository were 
also noted. Analgesia score was as follows, 1: no pain 
at any time; 2: no pain at rest; 3: slight pain at rest but 
easily tolerable; 4: intolerable severe pain. Sedation 
score was as follows, 79 1: deep sleep (did not respond 
to a verbal command); 2: sleep (respond to a verbal 
command); 3: no complaint or body movement, calm; 
4: complaint with body movement, but calm; 5: sub- 
stantial complaining and body movement, not calm; 
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6: a great deal of complaining and body movement 
accompanied by some excitement. These complaints 
did not include those about pain. Amnesia was tested 
on the next morning. The family visited the patient in 
the intensive care unit about one hr after starting the 
continuous infusion of epidural drugs as usual. On the 
next morning, the anaesthetist asked the patient 
whether he/she remembered the visit of his/her fam- 
ily. Other variables were checked by the nurse in inten- 
sive care unit, who did not know the content of a 
infuser. 

All data are expressed as mean + standard deviation 
(SD). Demographic data (age, body weight, height, 
duration of  surgery and lidocaine dosage) were com- 
pared among the groups using one way factorial analy- 
sis of variance (ANOVA) followed by Scheffe's F test. 
Time course changes in analgesia and sedation levels 
were evaluated by Friedman test. Analgesia and seda- 
tion scores and frequency of the administration of 
indomethacin suppository among the groups were 
analyzed by Kruskal-Wallis test. The chi-square test 
was used to compare gender, type of surgery, and 
memory retention among the groups. Blood pressure, 
heart rate and respiratory rate were analyzed by two 
way repeated measures ANOVA followed by contrast. 
A P value less than 0.05 was considered statistically 
significant. 

Results  
There were no differences among the groups with 

regard to age, sex, body weight, height, type of surgery, 
duration of surgery and anaesthesia, or the dose ofepidu- 
rally administered lidocaine during surgery (Table). 

In Group M10, blood pressure decreased in the six 
hours after surgery (P = 0.028 - 0.041, In the Figure 
1, only systolic blood pressure was indicated, because 
diastolic blood pressure showed the same change as 
systolic pressure.). However, no differences were seen 
among the three groups and no patients required 
treatment for hypotension. No differences were 
observed in heart rate among the three groups, while 
Groups C and M20 showed transient increase (Figure 
1). Respiratory rate did not show any time or inter- 
group differences (Figure 1). 

Greater sedation (lower sedation score) was seen in 
patients receiving midazolam (Groups M10 and M20, 
Figure 2) compared with those without midazolam 
(Group C) during the first two hr (P = 0.020 - 0.046). 
However, no difference was seen between Group M10 
and Group M20. In no patients was excessively deep 
sedation nor a excitement seen in any groups. 

The number of patients with memory of his/her 
family's visit was greater in Group C (continuous 

TABLE Demographic data 

Group C Group MIO Group M20 

Age (yr) 58 • 10 56 • 11 58 • 11 
Sex (Male/Female) 12/8 11/9 13/7 
Body weight (kg) 58.7 • 8.5 55.3 • 7.2 59.0 • 8.9 

Height (cm) 158.9 • 12.3 159.5 • 9.9 162.7 • 9.5 
Surgery (number of patients) 

Subtotal gastrectomy 4 6 3 
Distal gastrectomy 16 14 17 

Duration of 

Surgery (min) 215 • 98 199 • 45 188 • 72 
Anaesthesia (min) 278 • 105 243 • 65 238 • 59 

Dose oflidocaine (mg) 231 • 59 205 • 63 198 • 69 

mean • SD, n = 20 in each group 
Group C: 40 ml bupivacaine 0.5% in 12 hr 

Group M10:38 ml bupivacaine 0.5% + 10 mg midazolam / 12 hr 
Group M20:36 ml bupivacaine 0.5% + 20 mg midazolam / 12 hr 
Dose of lidocaine is for epidural injection during surgery. 

bupivacaine, 18 / 20) than in Group M10 (10 / 20, 
P=  0.006) and Group M20 (6 / 20, P<  0.001). 

Better analgesia (lower score) was obtained in 
patients receiving midazolam (Figure 3). Group M20 
s h o w e d  b e t t e r  analgesia  t h a n  G r o u p  M 1 0  10 ra in  af ter  

the start of the infusion (P = 0.026). The frequency of 
administration of the indomethacin suppository was 2.0 
• 1.1 (0 - 4; range) in Group C, which was larger than 
in Group M10 (1.1 • 0.9; 0 - 2, P = 0.035) or Group 
M20 (1.2 • 0.7 times; 0 - 2, P = 0.039). 

Discuss ion  
This study showed that adding midazolam to contin- 
uous epidural infusion of bupivacaine 0.5% induced 
better analgesia than bupivacaine alone, together with 
sedation and amnesia but without adverse effects. 
There was little difference of the effects between 10 
mg midazolam and 20 mg midazolam. 

The increase in respiratory rate seen after a single 
shot epidural administration ofmidazolam in our pre- 
vious studies s,9 was not observed in this continuous 
infusion study. Generally, after systemic administration 
of midazolam, respiratory rate increases to compen- 
sate for a decrease in tidal volume by a central effect. Is 
These results suggest that sufficient midazolam to 
affect the respiratory centre could pass enter the cen- 
tral nervous system by single shot administration but 
not by continuous infusion. Blood pressure reduction 
seen after systemic administration of midazolam, 19 
which was also induced by a single shot epidural 
administration of midazolam, s,~~ was not observed in 
this study. Thus, '  systemic side effects may be 
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decreased by continuous infusion. 
Sedation and amnesia are probably the result of the 

action of midazolam on the central nervous system. 
However, the route by which midazolam reaches the 
brain might not be via the systemic circulation but via 
the cerebrospinal fluid. To produce sedation by sys- 
temic administration of  midazolam, serum concentra- 
tion of  200 ng-m1-1 are necessary while after epidural 
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F I G U R E  1 Blood pressure, Heart rate and Respiratory rate 

The horizontal axis is the time after starting the continuous epidural 
infusion. Bars indicate standard deviation (SD). Closed circle: 
Group C; 40 ml bupivacaine 0.5% in 12 hr, Open circle: Group 
M10; 10 mg midazolam + 38 ml bupivacaine 0.5% in 12 hr, Closed 
triangle: Group M20; 20 mg midazolam + 36 ml bupivacaine in 12 
hr. *: P <  0.05 vs control value (time 0) 

F IGURE 3 Analgesia Score 

The horizontal axis is the time after starting the continuous epidural 
infusion. Bars indicate standard deviation (SD). White column: 
Group C; 40 ml bupivacaine, Cross-hatched column: Group M10; 
10 mg midazolam + 38 ml bupivacaine, Black column: Group M20; 
20 mg midazolam + 36 ml bupivacaine. *: P < 0.05 vs  control value 
(time 0), a): P < 0.05 vs  Group C, b): P < 0.05 vs  Group M10. 

single shot administration ofmidazolam in our human 
study, 7 patients were asleep with serum midazolam 
concentrations < 200 ng.m1-1. 

There was no clear dose dependence of  the effect of  
epidural midazolam in the present study. In this study 
10 mg midazolam may have been sufficient to aug- 
ment analgesia because bupivacaine 0.5% induced 
moderate analgesia. 

The analgesic effect of  epidural midazolam may be 
mainly attributed to action at the spinal cord because, 
after a single shot administration ofmidazolam, a dose 
dependent, segmental analgesia was observed. 8 
However, occasionally a total spinal like analgesic 
effect was obtained, 8 which suggesting that the action 
is also at the brain. There are no experimental studies 
investigating the analgesic effect of  epidural midazo- 
lam. Only intrathecal administration has been studied. 
The intrathecal single shot administration of  midazo- 
lam induced reversible segmental antinociception in 
animals, 2~ which were similar to the results of  our 
clinical study using epidural administration. 8 

We have demonstrated that adding midazolam to 
continuous epidural infusion of bupivacaine provides 
better analgesia, and' greater amnesia and sedation than 
does bupivacaine alone without any side effects for 
patients undergone laparotomy. This combination may 
take the place of routinely used combination of  opioids 
and local anaesthetics. 

F I G U R E  2 Sedat ion Score 

The horizontal axis is the time after starting the continuous epidural 
infusion. Bars indicate standard deviation (SD). White column: 
Group C; 40 ml bupivacaine 0.5%, Cross-hatched column: Group 
M10; 10 mg midazolam + 38 ml bupivacaine 0.5%, Black colunm: 
Group M20; 20 mg midazolam + 36 ml bupivacaine 0.5%. *: P < 
0.05 vs control value (time 0), a): P <  0.05 vs Group C 
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