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BUTOI1PHANOL TAttTRATE has been shown to provide adequate relief of severe 
post-operative pain for at least four hours when administered to adults intra- 
muscularly in a dose of 2 to 4 rag. Morphine sulphate 10 to 15 mg, meperidine 80 
rag/70 kg and pentazocine 30 to 60 mg have a similar effect. 1-4 In normal volun- 
teers, respiratory depression and the suppression of the respiratory stimulating 
response to carbon dioxide inhalation appears to be less with butorphanol tartrate 
than with morphine sulphate. ~ When butorphanol tartrate 3 nag or morphine sul- 
phate 15 mg was given intravenously to consenting patients under double-blind 
conditions, there was no appreciable elevation in plasma histamine with either.6 
Finally, in a single blind study of subjects undergoing diagnostic cardiac catheteri- 
zation, the intravenous injection of butorphanol tart-rate 0.02 mg/kg, or morphine 
sulphate 0.10 mg/kg, directly through a catheter inserted into the heart of con- 
senting patients with suspected coronary heart disease, revealed that morphine 
sulphate tended to decrease stroke index, lowered left ventricular systolic blood 
pressure, and lowered left ventricular volume, while butorphanol tartrate tended 
to augment these parameters slightly. This cardiovascular study indicated that 
the new compound is safe even in patients with severe ischaemie heart disease. 7 
In addition, the multidose administration of butorphanol tartrate over a period of 
12 to 18 hours for relief of severe pain had no appreciable effect on the eaa'dio- 
respiratory system. 8 

The objective of the present study was to evaluate the safety and efficacy of 
repeated intravenous injections of butorphanol tartrate in combination with hyp- 
notics and muscle relaxants for balanced anaesthesia in patients requiring major 
abdominal operations. 

M'ETHODS 
Clinical Management 

Informed written consent was obtained from adult patients the day before they 
underwent elective :major abdominal surgery. Then, a venous blood sample was 
drawn for baseline serum transaminases, bilirubin, alkaline phosphatase, creati- 
nine and blood urea nitrogen, albumin and total protein, in addition to routine 
laboratory studies which included chest ,and abdominal X-rays and an electro- 
cardiogram. An anaerobic arterial blood sample was also taken to determine pH, 
Paco2, Pao2, Sao2, haemoglobin and haematocrit. Fifty-three patients, free from 
severe renal, hepatic or cardiorespiratory disease, including 38 non-pregnant fe- 
males, were selected for this study. Vital statistics for these patients are shown in 
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TABLE I 
VITAL STATISTICS OF PATIENTS 

Age (years) 
Median 

21-45 45-60 61-75 > 75 (range) Total 

No. of patients 20 22 8 3 51 (21-87) 53 
% 38 42 15 6 

Sex Race Bodyweight (kg) 

Male F e m a l e  Caucasian Non-Caucasian Mean (range) Median 
No. of patients 15 58 50 3 69 (44-109) 64 

% 28 72 94 6 

Table I. Five of the patients had heart disease of whom two had a previous myo- 
cardial infarction. Two patients had marked pulmonary insufficiency and one 
patient had obstructive jaundice. 

Fifty-one patients received diazepam 5 mg or 10 mg, atropine 0.2 mg and sco- 
polamine 0.2 mg intramuscularly about one hour before induction of anaesthesia. 
One patient received diazepam 5 mg and atropine 0.4 rag, and one other received 
the atropine and scopolamine without diazepam. 

Following routine preparation including the recording of vital signs and electro- 
caa'diogram tracing (lead II), an infusion of lactated Ringer's solution was begun 
through a large plastic cannula inserted into an accessible vein in a hand or fore- 
arm. Butorphanol tartrate (3 mg) was injected intravenously. Induction of anaes- 
thesia was completed within two minutes with a sleep-dose of thiopentone (2 mg 
to 4 mg/kg) and pancuronium approximately 0.1 mg/kg. The lungs were then 
ventilated manually with 100 per cent oxygen for about three minutes, after which 
a tracheal tube was inserted orally and attached to a mechanical respirator set to 
deliver a tidal volume of approximately 8 ml/kg of a mixture of 2:1 nitrous oxide: 
oxygen at a cycling rate of  12 to 15 per minute. Supplementary doses of butor- 
phanol tartrate (0.5 mg to 1.0 mg) were given when deemed necessary, as indi- 
cated usually by a rising blood pressure, and additional pancuronium was given 
usually in doses of one mg to maintain adequate muscle relaxation for the surgical 
procedure. The mean duration of all operations was 195 minutes xwith a range of 
55 to 465 minutes. 

At the end of the operation the effect of the muscle relaxant was reversed with 
atropine and neostigmine (1:2) if adequate spontaneous respiration did not re- 
sume promptly, as verified by a Wright respirometer. If respiration was again 
inadequate in the recovery room and the patient was very drowsy, naloxone was 
given in a dose of 0.4 mg. If severe pain developed early (within 30 minutes) in 
the recovery room, additional butorphanol tartrate was given. 

Clinical Monitoring and Follow-up 
As soon as the patient was ready for surgery, a plastic cannula was inserted 

percutaneously into the radial artery and attached to a strain-gauge and a cali- 
brated oscilloscope* to display the intra-arterial blood pressure visually. A three- 

Q Datascope 850, Type Pz (Pressure Module). 
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way stopcock was fitted to the cannula for arterial blood sampling for serial mea- 
surement of blood gases and pH. The cannula was flushed continuously with 
heparinized saline. The electrocardiogram was displayed continuously on an oscil- 
loscope which was attached to an electrocardiograph, so that permanent tracings 
could be made at 30- to 60-minute intervals or when an abnormal con~guration 
appeared. A Wright respirometer was used to check pulmonary ventilation at 
intervals during the operation. 

Post-operatively, in the recovery room, each patient was given oxygen either by 
nasal catheter or with a Venturi-mask which provided approximately 30 per cent 
oxygen. Arterial blood pressure, electrocardiogram and pulmonary ventilation 
were monitored for at least two hours while the patient was kept under direct sur- 
veillance to ensure a complete record of recovery from anaesthesia. The recording 
equipment was then removed. 

On the following day, the patient was visited by an investigator to check the 
response to anaesthesia and the vital signs. A questionnaire was completed to 
record the patient's evaluation of the anaesthetic and what was remembered about 
the day of the operation. Venous and arterial blood samples were again drawn for 
follow-up laboratory tests and blood gas measurements. 

RESULTS ANn DISCUSSION 

Most of the patients (91 per cent) were drowsy prior to induction of anaesthesia, 
and the majority (71 per cent) appeared to be somewhat apprehensive or excited 
in spite of premedication. We have found this response to be usual before major 
surgery ~ (see Table II ). 

Following the administration of the first dose of butorphanol tartrate intra- 
venously (1.5 mg in one patient, 3 mg in 51, and 4 mg in one), all patients became 
drowsy and most stated that they felt good. Completion of induction of anaesthesia 
with thiopentone and pancuronium and, then, oral intubation, were smooth in all 
cases. Maintenance of anaesthesia with 2:1 nitrous oxide:oxygen and periodic 
supplementation withbutorphanol tartrate and pancuronium, along with mechan- 
ically controlled respiration, were also smooth in all cases. The total doses and 
the ranges of parenteral medication are shown in Table III. 

Unless the patient was anaemic at the outset (haemoglobin < 10 grams per 
cent), lactated Ringer's solution and 5 per cent dextrose in water were adminis- 
tered by drip infusion until surgical blood loss exceeded 500 ml. Whole blood or 
packed red blood cells were then given. Otherwise, a whole blood transfusion 
was started at the beginning of the operation. None of the patients developed 
marked or persistent hypotension and no other drugs were administered except, 
in a few instances, an antibiotic, cefazolin sodium. In patients undergoing aortic- 
femoral bypass, heparin and mannitol were administered intravenously, usually 
shortly before the aorta was clamped. 

C ardiorespiratory Effects 
Arterial blood pressure was usually somewhat elevated throughout the opera- 

tion, but part of the elevation was undoubtedly due to the higher pressure that is 
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TABLE If 
ASSESSMENT OF PREMEDICATION 

Total 
Symptoms None Slight Moderate Marked patients 

Drowsy 1 (2%) (8%) 47 (89%) 1 (2%) 53 
Apprehensive 15 (28%) 31 (58%) 5 (9%) 2 (4%) 53 
Excited 37 (70%) 13 (24%) 3 (6%) 0 53 

TABLE III 
I.V. MEDICATIONS FOR ANAESTHESIA 

Drugs Mean dose in mg (range) 

Butorphanol tartrate (0.1%) 7 (2-12) 
Thiopentone (2.5%) 165 (100-350) 
Pancuronium (0.1%) 7.4 (5-10) 

recorded from the arterial cannula, when compared to the initial blood pressure 
taken by  auscultation with a mercury manometer  attached to a Riva-Rocci euf[. 1~ 
In one patient, marked elevation of the blood pressure occurred ( >  30 per cent) .  
Chlorpromazine (2 mg)  was given intravenously to reduce it. The pulse rate was 
quite stable throughout  the operations (Table  IV).  

The  electrocardiogram was normal before, during and after anaesthesia in 43 
(81 per cent) of the patients. Two patients had non-speciflc electrocardiogxam 
abnormalities during the time that recordings were taken, and one had a sinus 
arrhythmia throughout. These were probably  unrelated to the anaesthesia and 
surgery. Of the other seven patients, three had ECG abnormalities during their 
operation: one had  sinus bradycardia  and two had premature  ventricular contrac- 
tions at varying intervals. The others had normal ECG before and during the 
operations and developed occasional premature  ventricular contractions and bra- 
dycardia postoperatively. None of these ECG changes were attr ibuted to the 

anaesthetic or to hypoxaemia.  

TABLE IV 
MEAN VITAL SIGNS DURING BALANCED ANAESTHESIA WITH BUTORPHANOL TARTRATE, THIOPEN- 

TONE, PANCURONIUM AND N20 

TI* T2* T,t T4t Tbt T6t T,t 

Systolic BP mean 124 129 142 140 138 134 135 
torr S.E.M. 3 3 3 3 3 3 3 
Diastolic BP mean 74 77 87 83 84 83 81 
tort S.E.M. 2 2 2 2 2 2 2 
Heart rate mean 82 81 88 83 79 79 80 
beats/rain S.E.M. 2 2 2 2 2 2 2 
Resp. Rate mean 19 18 12 14 21 21 21 
breaths/min S.E.M. <1 <1 <1 <1 <1 <1 <1 
Min. Volume mean 6.7 6.4 8.1 6.7 7.4 ~'.8 8.0 
l/min S.E.M. 0.12 0.15 0.18 0.45 0.53 0.51 0.35 

T1 = prior to preop, medication. Ts = 30 min after anaesthesia. 
T2 pre-induction. T6 = 60 min after anaesthesia. 
T8 = 30 min after induction. Tv = 120 min after anaesthesia. 
T4 = at end of anaesthesia 
*auseulatory blood pressure (with Riva-Rocci cuff and mercury manometer). 
i"intra-arterial blood pressure (radial artery) recorded on calibrated oscilloscope. 
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TABLE V 
RATE OF RECOVERY AFTER ANAESTHESIA (IN 5IINS) 
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Signs 
Spontaneous breathing* 5.7 
Open eyes on command 11.9 
Protrude tongue on command 21.9 
Raise head on command 24.7 

*Thirty-six patients were given prostigmine and 
atropine (2:1); two of these also subsequently received 
naloxone. 

TABLE VI 
SUMMARY OF ARTERIAL BLOOD PH AND BLOOD GASES BEFORE AND AFTER BALANCED 

ANAESTHESIA 

Before 30 min after 60 min after 24 hrs after 
anaesthesia anaesthesia* anaesthesia* anaesthesia 

pH mean 7.43 7.37 7.39 7.46 
S.E.M. 0.01 0.01 0.01 0.01 
Range 7.34-7.55 7.27-7.51 7.29-7.52 7.31-7.52 
Paco2 mean 36 39 37 35 
S.E.M. 0.6 0.7 0.8 0.7 
Range 23-47 28-47 21--48 26-53 
Pao~ mean 85 122 134 78 
S.E.M. 2 7 8 3 
Range 61-145 66-257 71-298 54-142 
Sao2 mean 95 97 97 95 
S.E.M. <1 <1 <1 <1 
Range 88--99 90-100 88--100 82-100 

*During administration of 30% oxygen by Venturi-mask or nasal oxygen (,~7 I/min). 

No conjunetival changes were observed during the anaesthetics and the pupils 
were usually slightly contracted and fixed in the midline. 

In evaluating the respiratory response to this anaesthetic technique, all but  two 
patients recovered normal breathing without unusual supportive measures (see 
Table V). Thirty-six patients were given atropine and neostigmine at the end of 
their operations to reverse what was judged and shown with a respirometer to be 
a persistent effect of pancuronium. Another 17 did not require reversal. Two 
patients required naloxone in addition to reversal of the muscle relaxant. Arterial 
blood-gas analyses are summarized in Table VI. All patients had a mild respira- 
tory alkalosis during the operations and the oxygen tension was usually over 100 
torr. Considerable blood shunting in the lungs was evident from the Pao2 estima- 
tions in several of the elderly patients. However,  this is a regular observation in 
patients with emphysema and in those with chronic obstructive lung disease. 11 

Postanaesthetic Effects 
In the recovery room, it was noted that the complaint of post-operative pain 

was far less frequent  after these operations than when similar procedures were 
performed with inhalation anaesthetics such as enflurane and halothane. Only 
three patients required potent  analgesic medication within the first 30 minutes in 
the recovery room and nine others in the following two hours. The incidence of 
nausea and vomiting was 26 per cent. Of this percentage, 7 per cent vomited. 
Other side-effects are listed in Table VII. 
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TABLE VII 
POSTANAESTHETIC SIDE EFFECTS 

No. of patients 
Symptoms (%) 

Nausea 14 (26) 
Vomiting 7 (13) 
Burning at I.V. site 5 (9) 
Headache 3 (5) 
Lightheadedness 2 (4) 
Breathing difficulty 2 (4) 
Dizziness 1 (2) 
Tinnitis 1 (2) 
None 23 (43) 

TABLE VIII 
SUBJECTIVE ANSWERS RELATED TO OPERATION 

(INTERVIEWED FIRST POSTOP. DAY) 

Yes No 

Remembers going to 
operating room 51 (06%) 2 (4%) 

Remembers moving to 
operating table 46 (86%) 7 (14%) 

Remembers going to sleep 27 (50%) 25 (50%) 
Remembers being jn 

reeovery room 21 (40%) 32 (60%) 
"Sleep" pleasant* 21 (40%) 4 (8%) 

*Twenty-eight patients (52%) had no memory of event. 

Fifty patients received one or more drugs during the 24 hours after retxlrn to 
the ward, as follows: for analgesia, meperidine, 40 times; morphine, 12; levodro- 
moran, 1; acetaminophen, 1; percodan, 1; for nausea or vomiting, proelorperazine, 
9; trimethobenzamide, 3; hydroxyzine, 4. Three patients were given diazepam for 
sedation and one received diphenhydramine for a minor transfusion reaction. Most 
of the patients received antibiotics as well. 

At interview, the day following the operation, it was observed that some patients 
had amnesia for the immediate pre-operative events, none recalled anything of 
the operation and many did not remember being in the recovery room (see Tables 
VIII and IX).  All but two patients were pleased with the anaesthetic they had 
received. 

The results of laboratory tests were similar to those reported after evaluation of 
numerous combinations of analgesics with sedatives in animal tests and after use 

TABLE IX 
PATIENTS' EVALUATION OF ANAESTHETIC 

(INTERVIEWED ON FIRST POSTOP. DAY) 

Can't 
Time to fall asleep Long Short remember 

0 38 (72%) 15 (28%) 
Recall induction Yes Vague No 

a (6%) 39 (74%) 11 (21%) 
Recall operative events- none 
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of pentazocine and other analgesics for balanced anaesthesia in man. 12-16 All the 
patients in this study survived their operations. 

SUMMARY AND CONCLUSIONS 

After premedication with diazepam and antisialogogues, butorphanol tartrate 
was used with thiopentone and pancuronium to induce surgical anaesthesia. The 
induction was smooth in all eases. Nitrous oxide (65 per cent) was used with 
supplementary small doses of butorphanol tartrate and pancuronium to maintain 
satisfactory conditions for major abdominal operations in 53 consenting patients. 
Respiration was invariably controlled with a mechanical respirator. Blood pressure 
was slightly elevated, pulse rate was stable, and the electrocardiogram was essen- 
tially unchanged ( lead II ) in the majority of patients. 

Recovery of adequate respiration was uneventful after reversal of the residual 
effects of pancuronium. Neostigmine and atropine were the reversal agents. Two 
patients were given naloxone as well, to reverse excessive drowsiness and respira- 
tory depression apparently due to butorphanol tartrate. 

The incidence of other side-effects, such as nausea and vomiting, was not ex- 
cessive. Amnesia for surgical events was complete in all cases and most of the 
patients were pleased with the anaesthetic management. 

Since butorphanol tartrate provides satisfactory analgesia for major surgery, is 
available synthetically, has a low propensity to addiction, and has little or no effect 
on the cardiorespiratory system or on liver and kidney function, we recommend 
further trial of this compound when a parenteral form of balanced anaesthesia is 
desired. 

R~sv~v~ 

Apr~s une pr~m~dication avec diazepam, atropine ou scopolamine, le tartrate de 
butorphanol a ~t~ utilis6 avec le thiopentone et le pancuronium pour induire l'anes- 
th6sie. Celle-ci, dans les 53 cas 6tudi~s, a ~t~ maintenue avec du protoxyde .d'azote 
et de petites doses suppl~mentaires de tartrate de butorphanol et de pancuronium. 
Dans tousles cas, la respiration 6tait contr61~e m6eaniquement. 

La tension art~rielle ~tait l~g~rement augment~e. La fr~quence cardiaque est 
demeur6e stable et l'61eetrocardiogramme n'6tait pas modifi~ dans la majorit~ des 
patients. Le retour ~ une respiration adequate a ~t~ obtenu apr~s neutralisation 
des effets du pancuronium par n~ostigmine et atropine; la naloxone a ~t~ employee 
chez deux patients pour renverser une somnolence marqu6e et une d~pression res- 
piratoire probablement secondaire au tartrate de butorphanol. 

L'incidence d'effets secondaires, tels naus~e ou vomissement, ~tait basse. Une 
amn~sie de la procedure chirurgicale enti~re a ~t~ confirm~e ehez tous les patients. 

En raison au niveau d'analg6sie qu'il procure, de sa faible tendance ~t pro- 
duire de l'accoutumance et de son peu d'influence sur les syst~mes cardiorespira- 
toire, h~patique et r~nal, nous recommandons l'essai du tart_rate de butorphanol 
quand une forme parent~rale d'anesth~sie balane6e est d~sir~e. 
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ADDENDOIvt: Since submit t ing this repor t  an addit ional  22 patients have been  
studied in a similar fashion, including 14 patients who had major  abdomina l  opera- 
tions and 8 patients who had hear t  surgery (coronary  grafts) .  T he  latter rece ived  a 
mean  dose of 14 mg butorphanol  and were  skillfully managed  by  Dr. D. King. All 
these addit ional  pat ient  studies were  unevent fu l  and the patients have a smooth 
pos topera t ive  course. 


