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Reversal of opioid effects by naloxone (NX) can lead to 

significant cardiovascular problems. We have reported pre- 

viously that hypercapnic dogs develop greater increases in 

blood pressure and plasma catecholamine (CA) levels than 

hypocapnic ones when reversed with naloxone. We have also 

demonstrated differences between NX and nalbuphine (NBPH) 

in producing excitatory adrenergic responses when adminis- 

tered during normocapnia. The present study was designed to 

investigate possible dissimilarities in cardiovascular and sym- 

pathetic events after administration of either NX or NBPH in 

dogs made hypercapnic followingfentanyl administration. After 

induction of anaesthesia with thiopentone and intubation, two 

groups of dogs were maintained with controlled ventilation on 

enflurane in oxygen anaesthesia and given 50 Ix g " kg- i fentanyl 

IV. This caused a significant decrease in heart rate (HR) (P < 

0.001), mean arterial blood pressure (MAP) ( P < 0.001), and 

plasma concentrations of norepinephrine (NE) (P < 0.002). 

Then, ventilation was decreased to produce a PaC02 of 60 

mmttg; this was accompanied by a significant elevation in 

plasma level of both epinephrine (EPI) (P < 0.02) and NE 

(P < 0.001). Administration of 20 tzg" kg -t NX to six dogs 

resulted in immediate increases in HR ( P < 0.01) and MAP ( P 

< 0.01), and a further rise in CA levels to greater than 

pre-fentanyl baseline values. In six other dogs, NBPH (0.3 
mg. kg- l ) caused increases in HR (P < 0.001) and MAP (P < 

0.001) only, and the MAP rise was significantly less than that 

seen in the NX group (P < 0.01). Neither NE nor EPI levels 
increased after NBPH. Absolute levels of EPI one minute after 

reversal with NBPH were not greater than baseline and were 
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significantly less than after NX ( P < 0.05). Addition of NX after 

NBPH caused a further significant increase in EP! to levels 

greater than baseline ( P < 0.002). This study suggests that the 

abrupt, significant, and sustained increases in MAP and plasma 

levels of CA which accompany narcotic reversal with NX during 

hypercapnia are blunted if nalbuphine rather than naloxone is 

used. 

L'antagonisme des effets des opiacds par le naloxone (NX) peut 

amener des probldmes cardiovasculaires significatifs. On a 

rapportd dans le passd que des chiens hypercapniques ddvelop- 

paient une plus grande augmentation de la pression artdrielle et 
des catdcholamines plasmatiques (CA) que ceux qui sont 

hypocapniques lots de l' antagonisme avec le naloxone. On a 

aussi ddmontrd des diffdrences entre le naloxone et la nal- 

buphine (NBPH) clans la production de rdponses adrdnergiques 

lorsqu'administrds en normocapnie. Cette dtude a dtd confue 

afin d'investiguer les diffdrences possibles clans les rdponses 
sympathiques et cardiovasculaires aprds administration de soit 

NX ou NBPH chez des chiens rendus hypercapniques aprds 

administration de fentanyl. Aprds r induction de I'anesthdsie 

avec du thiopentone et intubation, deux groupes de chiens ont 

dtd maintenus avec une ventilation contr61de sous enflurane et 

oxygdne et ont refu 50 Izg" kg-i  de fentanl par voie intravei- 

neuse. Ceci amena une diminution significative de la frdquence 
cardiaque (HR) (P < 0,001), pression artdrielle moyenne 

(MAP) (P < 0,001), et des concentrations plasmatiques de 
nordpindphrine (NE ) ( P < 0,002). Par la suite, la ventilation fur 

diminude afin de produire une PaCOz de 60 mmHg; ceci fut 
accompagnd par une augmentation significative des" niveaux 

plasmatiques d'dpindphrine (EPI) (P < 0,02) et de nordpi- 

ndphrine ( P < 0,001). L'administration de 20 tx g " kg- j de NX d 

six chiens a occasionnd une augmentation immddiate de la 

frdquence cardiaque HR ( P < O, 01)et de la MAP ( P < 0,01), et 

une augmentation de la CA dun niveau supdrieur aux valeurs de 

contrdle avant-fentanyl. Chez les six autres chiens, du NBPH 

(0,3 rag. kg-1) a occasionnd une augmentation de HR et de la 

MAP (P < 0,001) uniquement, et l'augmentation de la MAP 

dtait significativement moindre que celle observde dans le 
groupe NX (P < 0,01). Ni les niveaux de NE ou EPI aug- 

mentdrent apr~s le NBPH. Les niveaux absolus de EP! une 

minute apr~s antagonisme avec le NBPH ne furent pas supS- 
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rieurs d ceux de la valeur de contrrle et dtaient significativement 

moindres qu' aprds NX (P < 0,005). L'addition de NX apr~s 

NBPH a occasionn~ une augmentation significative des niveaux 

de EPI supdrieurs d celui du contrrle ( P < 0,002). Cette ~tude 

suggdre qu'une augmentation brusque, significative, et soute- 

hue de la MAP et des niveaux plasmatiques de CA qui accom- 

pagnent l'antagonisme des narcotiques avec le NX durant 

l'hypercapnie sont amoindris si le nalbuphine plutrt que le 

naloxone est utilisd. 

Nalbuphine, a narcotic of the agonist/antagonist type, ~-4 
has been reported to antagonize effectively postoperative 
respiratory depression caused by intraoperative narcotics, 
while retaining satisfactory analgesia. 5-s A recent study 
by Zsigmond et al.9 reported that antagonism of fentanyl- 
induced respiratory depression with nalbuphine occurred 
without the adverse circulatory or endocrine changes that 
have been seen after naloxone.10-20 However, in some 
patients, hypertension, tachycardia, dysrhythmias, pul- 
monary oedema, and pain have been reported also after 
narcotics reversal with nalbuphine. 21-25 

Studies from our laboratory have shown that nalbu- 
phine reversal of fentanyl in anaesthetized dogs produced 
cardiovascular changes similar to those seen after reversal 
with naloxone. ~'14 In experiments in normocapnic ani- 
mals, unlike the situation with naloxone, haemodynamic 
events after nalbuphine were not accompanied by rises in 
plasma catecholamine levels, yet plasma levels of both 
EPI and NE did rise significantly after the subsequent 
administration of naloxone. In other experiments, we 
have examined the heamodynamic and adrenergic events 
after naloxone in dogs with varying arterial carbon 
dioxide tensions. 26 In that investigation, dogs which were 
hypercapnic at the time of naloxone administration 
responded with more rapid and greater increases in blood 
pressure and plasma catecholamine concentrations than 
did dogs which were hypocapnic. Anaesthetized and 
postanaesthetic patients are likely to have increased 
arterial carbon dioxide concentrations (from hypoventila- 
tion), at the time of narcotic reversal. Therefore, in light 
of (1) the demonstrated lesser effects of nalbuphine than 
naloxone in producing sympathetic stimulation during the 
normocapnic state, and (2) the exaggeration of the 
heamodynamic and adrenergic effects of naloxone during 
hypercapnia, the present investigation was designed to 
compare the actions of these two antagonists in the 
presence of an increased arterial CO2 tension. In other 
words, do the advantages offered by nalbuphine over 
naloxone under normocapnic conditions also occur in the 
hypercapnic state? 

Methods 
Two series of six dogs each were studied. All dogs 

(average weight = 15 • I kg) were anaesthetized with 10 
mg. kg- l thiopentone, then given 20 mg succinylcholine, 
and the tracheas were intubated following 2 mg. kg- i of 
four per cent lidocaine intratracheally. Controlled ventila- 
tion was with 1.5 per cent enflurane in oxygen, and tidal 
volume and rate were adjusted to achieve an arterial 
carbon dioxide tension of 35 mmHg. 

After induction of anaesthesia, 20-gauge catheters 
were introduced percutaneously into a femoral artery for 
transduced blood pressure measurement and blood sam- 
piing, and into a femoral vein for injection of drugs and 
administration of intravenous fluids: five per cent dex- 
trose in lactated Ringer's solution at a rate of five 
ml. kg-  ~ �9 hr- ~. Electrocardiogram electrodes were at- 
tached, and blood pressure and heart rate were measured 
and recorded continuously (Hewlett-Packard Series 7758 
polygraph). Arterial blood samples were taken at intervals 
for determination of blood gas tensions (Instrumentation 
Laboratories, Model Micro 13) and for measurement of 
plasma levels of norepinephrine and epinephrine by high 
performance liquid chromatography.27 Inspired enflurane 
and end-tidal carbon dioxide concentrations were mea- 
sured continuously by mass spectrometry (Perkin Elmer, 
Model MGA 1100). Oesophageal temperature was main- 
tained at 38 • 0.5 ~ C. 

For both groups of dogs, after control data were taken, 
fentanyl 50 Ixg" kg-  I was infused over five minutes, and 
measurements were made five and 45 minutes later, all 
during normocapnia (PaCO2 = 35 mmHg). Respiratory 
rate and tidal volume were then decreased until the arterial 
carbon dioxide tension was 60 mmHg, and measurements 
were repeated after cardiovascular stability had been 
attained. None of the nonparalyzed dogs moved or 
attempted to breathe while hypercapnic. Next, vecuron- 
ium 0.1 mg. kg- 1 was given, followed in two minutes by 
the appropriate narcotic reversal agent: one group was 
given naloxone 20 i~g.kg -~, and the other group was 
given nalbuphine 0.3 mg. kg -~. Measurements in both 
groups were repeated at one, five, and ten minutes 
thereafter. Dogs which had received nalbuphine were 
then given 20 p,g-kg-I naloxone, and measurements 
were repeated one minute later. 

All drugs used were commercial preparations: thiopen- 
tone sodium (Pentothal, Abbott Laboratories, IL); succin- 
ylcholine chloride (Anectine, Burroughs-Welcome, NC); 
lidocaine (Topical Xylocaine, Astra Pharmaceutical Pro- 
ducts, MA); fentanyl citrate (Sublimaze, Janssen Phar- 
maceutica, N J); vecuronium bromide (Norcuron, Orga- 
non, N J); naloxone hydrochloride (Narcan), and nalbu- 
phine (Nubain, DuPont Pharmaceuticals, Puerto Rico). 

Intragroup changes were examined by means of analy- 
sis of variance for repeated measure, followed by Bonfer- 
roni's t test. Wilcoxon signed rank test was used where 
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FIGURE I Mean ( -S E M )  heart rates of the two groups of dogs at 
the times indicated. Data from all animals have been pooled for 
the four observation points before narcotic reversal with either 
nalbuphine (cross-hatched bars) or naloxone (solid bars). 
Post-F = after fentanyl infusion; post-R = after reversal agent 
given; post-NX = after naloxone administration (in the 
nalbuphine group only). Statistically significant differences 
(P < 0.05) are indicated as a = different from (paired) 
baseline values; b = different from preceding values; 
c = intergroup difference; d = different from values at one 
minute after n,'dbuphine. 

indicated. Unpaired t tests were used for intergroup 
comparisons. P < 0.05 was considered to be statistically 
significant. 

Results 
All results are reported as mean values --- SEM. As the 
protocol was identical for the two groups of dogs until the 
administration of the reversal agent, and no intergroup 
differences were present, data from all 12 dogs have been 
pooled for the first four measurement points (Figures 1 to 
4). Measurements after reversal are treated separately for 
the naloxone and nalbuphine groups, and are compared 
with their own paired values in the determination of 
intragroup changes. 

The administration of fentanyl produced significant 
and sustained decreases in heart rate (P < 0.001) (Figure 
1), mean arterial blood pressure (P < 0.001) (Figure 2), 
and plasma norepinephrine levels (P < 0.002) (Figures 3 
and 4), as has been reported previously, t3'25 After 
hypercapnia was produced, the plasma epinephrine and 
norepinephrine levels rose significantly (P < 0.02 and P 
< 0.001 respectively), but heart rate and blood pressure 
did not change. From the baseline measurements through 

FIGURE 2 Mean values (--SEM) of mean arterial pressure in 
the two groups of dogs. See caption to Figure I for 
explanation. 

the hypercapnic measurements, there were no differences 
between the two groups in any of the functions measured. 

The rapid administration of 20 i~g. kg- t of naloxone 
caused an immediate, significant, and sustained (through 
the ten-minute measurement period) increase in heart rate 
(P < 0.01) back to baseline levels. In addition, mean 
arterial blood pressure (P < 0.01) and plasma EPI (P < 
0.05) were increased to levels significantly greater than 
baseline one minute after naloxone administration; these 
increases were sustained for at least five minutes (in the 
case of mean blood pressure) or ten minutes (in the case of 
EPI). Mean NE levels also increased to greater than 
baseline levels, but because of the large standard error 
these were not significantly elevated over the pre- 
naloxone levels. (NE values increased in five of the six 
dogs (P = 0.062 by Wilcoxon signed rank test); the large 
standard error in the value one minute after naloxone was 
caused by an extremely large increase in one dog to a level 
of nearly i 700 pg- ml-  i.) 

In the other group of dogs, which received 0.3 rag" kg- 
nalbuphine, the rapid administration of this agent caused a 
similar significant increase in heart rate (P < 0.001) but 
significantly less increase in blood pressure than seen 
after naloxone. Moreover, plasma catecholamine levels 
did not increase significantly after nalbuphine. However, 
the subsequent administration of naloxone to dogs which 
had received nalbuphine caused a significant rise in 
plasma epinephrine levels to above baseline values. 
Plasma norepinephrine levels increased to above baseline 
also (P < 0.005). 
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FIGURE 3 Plasma epinephrine levels. See caption to Figure I 
for explanation. FIGURE 4 Plasma not'epinephrine levels. See caption to Figure 2 

for explanation. 

Although there were no significant intergroup differ- 
ences in heart rate, blood pressures were significantly 
higher at all sampling times after reversal in dogs which 
received naloxone than in dogs which received nalbu- 
phine (P < 0.002 at 1 min; P < 0.01 at 5 min; and P 
< 0.005 at 10 min). 

One minute after reversal, plasma epinephrine levels 
were higher in dogs which had received naloxone than in 
dogs which had received nalbuphine (P < 0.05). Because 
of the large standard error in the naloxone group, 
mentioned above, intergroup differences in norepineph- 
fine levels at one minute after reversal were not 
significant. 

Discussion 
Numerous examples of misadventure following the ad- 
ministration of the pure antagonist naloxone to patients 
who had previously been given narcotics have been cited 
in the literature. ~~176 Blood gases at the time of 
reversal have usually not been reported. A previous study 
in our laboratory 26 demonstrated the important role of 
hypercapnia in determining the magnitude of cardiovas- 
cular and sympathetic stimulation following narcotic 
reversal. Hypercapnic dogs developed significantly great- 
er increases in blood pressure and plasma catecholamines 
after naloxone reversal of fentanyl than did hypocapnic or 
normocapnic dogs. 26 Several investigators 5-s'23 have 
reported that nalbuphine can be used clinically to provide 
at least partial antagonism of the respiratory depressant 
effects of narcotics without the sometimes calamitous 

cardiovascular events that may surround the use of 
naloxone in the same setting. However, other reports 
concerning nalbuphine have not been so favor- 
able: zl'22'2a'2S tachycardia, dysrhythmias, hypertension, 
incisional pain and pulmonary oedema have been de- 
scribed following the administration of nalbuphine in 
doses averaging about 0.3 mg. kg-  t. 

A transition from controlled ventilation to spontaneous 
ventilation usually takes place at the end of anaesthesia. 
However, in the presence of significantly elevated residu- 
al narcotic levels, the respiratory drive will be suppressed 
to a degree insufficient to support adequate spontaneous 
respiration, and reversal of this suppression with a 
narcotic antagonist or partial agonist/antagonist may be 
contemplated. Ideally, the reversal agent would be 
specific for the respiratory-depressant, rather than for the 
pain-suppressive, effects of the narcotic. Certainly, a pure 
antagonist such as naloxone would restore the CO2 
response curve and get the patient breathing again (in the 
absence of other adverse factors such as neuromuscular 
paralysis, hypothermia, mechanical obstruction, or vola- 
tile anaesthetic overdose), but possibly at the cost of 
extreme sympathetic stimulation. 14 

A modified CO2 response titration is often performed 
while attempting to get patients to breathe at the end of 
anaesthesia, thus balancing factors stimulating respiration 
(pain, hypercapnia, and perhaps hypoxia) against 
narcotic-induced respiratory depression. In the process of 
this titration, a "light hand on the bag" produces ever- 
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increasing hypercapnia until the level is reached where the 
patient begins to breathe. Many operating rooms are 
equipped with some form of capnometer, and relatively 
precise measurements of end-tidal (and, presumably, 
arterial) carbon dioxide levels can be made. If the 
"threshold" for breathing is unacceptably high, narcotic 
reversal may be attempted to lower it. This investigation 
has delineated the haemodynamic and sympathetic se- 
quelae of such reversal by either a pure antagonist, or a 
partial agonist/antagonist, during hypercapnia. 

In these experiments, the administration of 50 Ixg" kg- 
of fentanyl promptly and nearly completely abolished 
sympathetic outflow, lowering heart rate and blood 
pressure. This finding is in agreement with previous 
experience in our laboratory, 14,26 which has proved that 
the hypotensive effects of fentanyl are entirely indirect, 
and that, even at higher doses than in the present 
experiments, fentanyl is devoid of direct cardiac depres- 
sion. 29 In the present protocol, ventilation was decreased 
to produce hypercapnia; this change abruptly and signifi- 
cantly increased plasma catecholamine concentrations, 
but blood pressure and heart rate were not significantly 
increased. 

Care was taken in choosing the doses of narcotic 
reversal agents used in these experiments. That of 
naloxone, 0.4 mg (or an average of about 30 Ftg. kg- i), is 
certainly more than enough to reverse the effects of the 
fentanyl. The case reports citing misadventure following 
naloxone use report an average of about 0.4 mg naloxone 
per patient (or about 5 ~g. kg- i). Naloxone itself, even in 
very high doses (nearly 6000 Ixg" kg- J ), has been reported 
to be without cardiovascular effect. 28 In the case of 
nalbuphine, which has mixed agonist-antagonist effects, 
a compromise was reached: the "ceiling" dose, above 
which further increases in either analgesia, or antago- 
nism, will not occur, has been reported 1'3~ as about 0.2 
mg.kg -I .  Unless extremely high (nonphysiological) 
doses of nalbuphine were used, no further narcotic 
reversal would likely accompany a dose higher than the 
0.3 mg.kg- i  which was selected. 

After administration of naloxone, the sympathetic and 
cardiovascular stimulation was profound and sustained. 
The administration of nalbuphine also stimulated heart 
rate and blood pressure significantly. In addition to this 
autonomically mediated activation, we 26 and others 3~ 
have demonstrated that, in the absence of autonomic 
tone, an elevated arterial carbon dioxide tension brings 
about direct depressant effects on the cardiovascular 
system: namely, bradycardia and vasodilatation. These 
opposing direct effects may preclude an even greater 
autonomically mediated (indirect) rise in heart rate and 
blood pressure. 25 Two differences exist between the 

reversal by the pure agonist and the partial agonist/ 
antagonist: first, the increases in blood pressure were 
significantly greater at all times after reversal in the 
hypercapnic dogs given naloxone. Second, a significant 
increase in either epinephrine or norepinephrine levels 
was not found at any time after nalbuphine. Naloxone, on 
the other hand, did cause adrenergic excitation, whether 
administered alone or added after nalbuphine. This was 
true in both normocapnic I and hypercapnic dogs (Figures 
2 and 3). Thus, those factors which are apt to compromise 
cardiovascular function severely and dangerously are 
more pronounced after naloxone than after nalbuphine 
administration. Dangerous arrhythmias are known to 
occur more frequently in the presence of high sympathetic 
tone; and, of course, the resultant hypertension per se is 
not without potential sequelae such as aneurysm rup- 
ture, 12 stroke, and cardiac ischaemia. Peripheral vaso- 
constriction can lead to fluid shifting from the systemic 
venous to the pulmonary circulation. 13 

These differences between naloxone and nalbuphine 
may be related to the ways in which each reacts with the 
different opiate receptors. Specifically, most opioids 
stimulate mu receptors to a large degree, and kappa 
receptors to a lesser degree. At the doses used in these 
experiments, nalbuphine antagonizes narcotic effects at 
the mu receptor, but at the same time stimulates the kappa 
receptors. 3"4 Naloxone, on the other hand, antagonizes 
narcotic effects at all receptors, but has no agonist effects 
of its own. The "ceiling effect" for the agonist-antagonist 
agent nalbuphine (respiratory depression and analgesic 
effect) has been well described; 3t .32 it is presumed that the 
dose of narcotic used in these experiments was sufficient 
so that both the agonistic and the antagonistic effects of 
nalbuphine were present, i 

In conclusion, fentanyl has been shown, once again, to 
diminish sympathetic outflow in dogs; however, the 
institution of hypercapnia did elicit some adrenergic 
response even in these narcotized, well-anaesthetized 
animals. A bolus dose of 20 l~g" kg- i naloxone caused a 
further increase in plasma catecholamine levels and 
increased heart rate and blood pressure significantly. The 
administration of an equipotent dose of nalbuphine in the 
same model not only produced significantly less rise in 
blood pressure, but was unaccompanied by significantly 
increased sympathetic outflow. Thus, the previous find- 
ing that narcotic reversal during normocapnia may be 
"less stressful" with nalbuphine than with naloxone has 
now been extended to include the inherently more 
dangerous 26 hypercapnic situation. It should be noted, 
however, that in these experiments the dose and rate of 
administration of the antagonists were selected to show 
maximal haemodynamic responses. It may be possible, of 
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course, to attenuate both haemodynamic and hormonal 
effects of  reversal by giving the naloxone slowly and with 
careful titration. 
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