
COMPONENTS OF RESPIRATORY DEPRESSION AFTER NARCOTIC 

PREMEDICATION IN ADOLESCENTS 

R. KNILL*, J.F. Coscnowr P. M. OLLEY, AND H. LEVISON 

N~d~COTIC ACENTS are potent depressants of ventilation. 1-5 Although this effect is 
generally assumed to result from decreased output of the central respiratory 
"'centres," some of the effect could be due to direct action on the ventilatory 
apparatus itself, by increasing respiratory impendance. For example, both 
morphine and meperidine can cause bronchoconstriction;" furthermore they can 
increase the tonic activity of abdominal and intercostal muscles, r-l~ The mechanical 
effects of this increase in abdominal wall tone have not been assessed after thera- 
peutic doses of these agents, but large doses of narcotics administered intravenously 
produce board-like rigidity of the abdominal wall r-lo and markedly decrease total 
respiratory compliance? As the magnitude of this effect appears to be dose 
related 1~ it may well be present to a lesser extent after therapeutic doses of 
these agents. 

The purpose of this work was to determine whether the ventilatory depression 
associated with morphine and a meperidine-phenothiazine mixture is solely the 
result of impairment of the neuromuscular or force-generating mechanisms, or is 
in part due to increased impedance of the ventilatory pump. Even small increases 
in ventilatory load with narcotics probably contribute to ventilatory depression, 
as load compensation is poor when central neural mechanisms are pharmacologi- 
cally imp aired. 11,1 a 

The conventional technique for examining the effect of narcotics on ventilation 
is to apply rebreathing and steady-state.methods before and after medication, to 
measure changes in minute ventilation (V~) and tidal volume (VT).13,~4 However, 
these measurements depend on both central output and the properties of the 
ventilatory apparatus, ~,16 without distinction between them. A newer method, 
formulated by Grunstein, Y0unes and Milic-Emili ~r and modified for use in man 
by Whitelaw and Milic-Emili, is provides more direct assessment of respiratory- 
centre output. This technique requires occlusion of the airway at functional 
residual capacity (FRC) for less than 200 msec; mouth pressure is measured at 
100 msec (Pmlo0). Occlusion is too brief for a cortical response to interrupt the 
inspiratory effort, and since there is no gas flow or change in volume, the measure- 
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ment is not influenced by changes in resistance or compliance of the lungs or chest 
wail. 19 P.ao0 can be measured as part of a CO2-rebreathing study; combined with 
the ventilatory response to CO,,, it gives more detailed information about ventila- 
tion control. 

In the presence of constant length and geometry of the diaphragm occlusion 
pressure is directly related to the isometric tension developed by the diaphragm; 
and, in the presence of normal phrenic nerve activity, neuromuscular and 
diaphragm muscle function is directly related to integrated phrenic neuronal 
discharge and therefore the output of the respiratm T centresY a Thus, the occlusion 
pressure (P,,aoo) provides a convenient and simple index of the "generator" func- 
tion of medullary respiratory "centres," but can be used as such only when certain 
neural and neuromuscular functions and diaphragm geometry remain constant. 
If, for instance, during an experiment there are changes in lung volume (FRC) or 
configuration of the chest wall, the length or curvature of the diaphragm will vary, 
and as a result there will be an inconstant relationship between airway occlusion 
pressure and diaphragm tension and, therefore, medullary drive? ~ However, even 
with such factors varying P,,ao0 continues to represent neuromuscular drive; that 
is, it is an index of the forces being generated by the neuromuscular system on the 
chest wall. For the purpose of this study, P,,,~oo is interpreted in this manner. 

MATERIALS AND METHODS 

We studied 13 patients (7 male, 6 female), aged 12 to 19 years (mean age, 
15 - 2 yr), who were undergoing elective cardiac catheterization. They were 
assessed clinically by a cardiologist before study. The only criterion of selection 
was the patients' ability to co-operate with the investigators. Premeditation, 
injected intramuscularly, consisted of morphine sulphate (0.1 rag/kg body weight) 
or 9, 1111 of CMa; 21 each 1111 of the latter contains promethazine He1 6.25 mg, 
chlorpromazine 6.25 nag, and meperidine HC125 mg. 

Each of ten patients performed FVC expiration into a 9-1itre water-filled Collins 
spirometer. The test of three breaths were analyzed for FVC in one see. (FEV~.o), 
and the results were expressed as a percentage of predicted normal values from 
standards obtained in this laboratoryd'-' Total lung capacity (TLC) and its sub- 
divisions were measured in a variable-pressure body plethysmograph, using the 
technique described by DuBois, e t  al. "-a 

In all 13 patients, Read's rebreathing technique 24 was used to determine the 
ventilatorv response to carbon dioxide and P,,,loo was measured simultaneously. 
The subjects, comfortably supine, breathed 7 per cent CO._, in 93 per cent O.,. A 
rapid-acting low-resistance solenoid valve was inserted into the circuit. It was 
activated periodically during expiration and remained closed for 200 msee during 
the next inspiration. Occlusion was repeated 6 to 10 times during the four-minute 
rebreathing procedure. The following indices were recorded on a Beckman type 
$2 Dynograph; end-tidal carbon dioxide (Paco.,), tidal volume (V~,), gas flow, 
inspiratory time (T~) and total time (Trot) of each breath, and the mouth-occlu- 
sion pressure at 100 msee (Pm0o). Volumes were corrected for body temperature 
and pressure saturated with water (BTPS). The responses of V~.:, V:r and P,,lOO to 
increases in Pxcoe were plotted, and the slope of each response was found by the 
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F'muat~ 1, llcgression lines for "~qr V.,., and P ........ plotted against Pat.,,:. A: Case 6: before and 
after injection of CM:,. B: Case 11: before and after injection of morphine. 

method of least squares. To correct for variations in respiratory frequency, the 
ratio of V,r to inspiratory time (V:r/T1) was determined for the breath preceding 
an occlusion; VT/T~ was plotted against the P,,ao0 value of the respective occluded 
breath, and the slope of this relationship also found by the method of least squares. 

After completion of the first rebreathing procedure, five patients received mor- 
phine and eight were given CMa. After an interval of 47 - 5 rain (mean -+ 1 SD) 
the rebreathing procedure was repeated. The patients remained awake through- 
out the study. 

RESULTS 

In most cases, routine pulmonary function values were within normal range for 
age (Table I). The mean FVC was 96 • 16 per cent of predicted normal, in the 
range 79 per cent to 119 per cent; mean FEV~.0 was 94 -+ 14 per cent of predicted 
normal, in the range 71 per cent to 113 per cent, RV/TLC was in the range of 18.5 
per cent to 38.6 per cent, in two cases slightly above the upper limit or normal 
established in our laboratory.'-"-' 

The composite plot of puhnonary responses to CMa shown in Figure 1A is 
typical of the findings recorded in ali eight patients who received this drug. Simi- 
larly, the plot shown in Figure 1B is typica ! of tim responses seen in the five patients 
given morphine. Both drugs depressed Vc, V:r, and P.a00, the conventional re- 
sponses to CO., (Table II).  Comparison of the ventilator}, and occlusion responses 
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time plotted against P,,.~,, before and after injection of CMa, 

showed a significant decrease (p < 0.05 ) in VT/TI at a Pro100 of 2 cm. H20 after pre- 
medication in ten of the patients. (Three subjects did not achieve this level of 
drive after receiving the narcotic. ) 

The plot of time-corrected VT (Vrr/T~) of breaths preceding occlusions during 
rebreathing v s  P,,10o of the respective occlusions showed a shift to the right after 
premedication with CM3 (Figure 9,). 

As shown in Table Ill, the only sign'.tficant change in magnitude of the slopes 
after premedication was a decrease in SVE after morphine (p < 0.05). At PAco2 = 
55 tort, there was a significant shift in all slopes after premedication with CM.~, but 
in only VE and Pnn00 after morphine. 

DISCUSSION 

The depression of ventilation by narcotics is poorly understood. In general, cen- 
tral nervous system depressants which reduce ventilation (e.g., barbiturates, nar- 
cotics and inhalational anaesthetics) are usually considered to affect ventilation 
by acting on the respiratory "centres" in the medulla. However, direct supportive 
evidence has not been easy to obtain. In one set of animal experiments, respiratory 
eentres under the influence of narcotics showed decreased responsiveness to elec- 
trical stimulation. ~5 

The main purpose of the present study was to assess the effects on ventilation of 
two narcotics frequently used as premedication for cardiac catheterization in chil- 
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dren, In addition, it provided an opportunity to evaluate the effect of a meperidine- 
phenothiazine mixture on ventilation. Finally, we assessed two possible modes of 
action of these narcotics on the respiratory system, one or both of which actions 
might explain their depressant effect, 

Depression of the conventional response to CO., by both morphine and CMa 
was best demonstrated by a shift to the right of the VE/PAro2 and'V~,PAeo, curves 
(Figure 1). This shift was measured by calculating values for each curve at 
PAco2 = 55 torr, a method of analysing shifts suggested by Tenney -~~ and Read, 2a 
The results obtained in our patients accord with those reported after the adminis- 
tration of morphine and mepcridine to neonates ''~ and adults4; similar studies 
have not been reported in older children. The CM:, mixture was at least as 
depressant as morphine alone, each narcotic being administered in approximately 
equipotent amount, supporting Lambertsen at al.'s conclusion 2s that phenothiazine, 
rather than sparing narcotic depression, '-''~ usually potentiates it. 

Both drugs significantly depressed the mouth-occlusion response (Pro00) to 
CO._,. Since the Pm0o is a direct measurement of the neuromeehanieal output of the 
respiratory centre and there is no evidence that narcotics impair nerve or neuro- 
muscular conditionf ~ we conclude that the depressant effect on neuromeehanieal 
drive reflects an action on the central nervous system. Any action which would 
alter the geometry of the diaphragm would also independently affect Pro, 00, the 
coupling between diaphragm-tension generation and oeelusion-pressure genera- 
tion being highly sensitive to both the length and the radius of curvature of the 
diaphragm. ~~ We have no evidence of an effect of narcotics on diaphragm geom- 
etry, but speeulate that, if present, it would consist in cephalad displacement of 
the diaphragm, thereby increasing the curvature of the diaphragm. Such an effect 
would augment P,,,,oo, not decrease it. 2~ 

The possibility that narcotics also affect the mechanics of ventilation, by in- 
creasing resistance or stiffness of the lungs or chest wall, was exaniined by com- 
paring the ventilation achieved at varying neuromeehanieal drives before and 
after each narcotic. As the index of central drive (Pro100) was taken at a fixed time 
of inspiration (100 reset), V,r values were corrected to a fixed time unit dividing 
them by inspiratory time (V~./T,). VT/T, was significantly decreased (p < 0.05) 
after either drug for a given Pm,oo (2 cm H..,O), indicating that these drugs de- 
crease the responsiveness of the ventilatory apparatus.  A decreased responsiveness 
of the ventilatory pump must represent a change in the compliance or resistance 
characteristics of either the lungs or the chest wall. The only known consistent 
effect of narcotics on these structures is an increase in the tonic actMty of abdom- 
inal and intercostal muscles. ;-~~ Changes in this activity might increase respirator), 
impedance. Increased tonic aetivity directly reduces ehest-wall compliance, an 
effect which has been documented after large doses of narcotics, s'~' Alternatively, 
inereases in intercostal and abdominal activity could disrupt the normal coupling 
of the motions of the diaphragm and the rib cage. This coupling usually acts to 
move the entire chest wall along its "relaxation characteristic," keeping the work 
of breathing at a minimum. :*' If the tonic activity disrupted this relationship, the 
relative motions of the rib cage and diaphragm would change, so increasing the 
work of breathing and respiratory impedance, al Studies of chest-wall motion under 
the influence of narcoties are needed to determine this point. 
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SUMMARY 

The effects of narcotics on ventilatory control were assessed in 13 adolescents 
and young adults. Both a narcotic and narcotic-phenothiazine significantly de- 
pressed the CO,., response curve. Using an occlusion pressure technique (P,,,~o0) 
to evaluate those neuromuscular processes that generate forces acting on the venti- 
latory pump, it was found that narcotic agents reduced neuromuscular drive. In 
most subjects, narcotics had an additional action that contributed to the overall 
ventilatory depression. Using carbon dioxide to vary neuromuscular drive before 
and after drug administration at constant levels of neuromuscular drive the drugs 
reduced tidal-volume responsiveness of the pump. We conclude that narcotics 
impair ventilation through a combination of two effects; first, reduced neuromuscu- 
lar drive, most probably due to central depression, and second, increased impe- 
dance of the ventilatory pump, most probably due to a decrease in chest-wall 
compliance. 

R~suM~ 

Les effets des analgdsiques morphiniques sur le contr61e ventilatoire furent dva- 
luds chez 13 adolescents et jeunes adultes. Un analgdsique de mOne qu'un analgd- 

sique ass0ci6 ~, une phdnothiazine ddpriment d'une fag0n significative la rdp0nse 
au CO.,. A/'aide d'une technique avec pression d'occlusion (Pb~00 = Pression buc- 
cale) permettant d%valuer les mc3canismes neuromusculaires g6ndrateurs des 
forces opdrant sur la pompe ventilatoire, on a trouvd que les agents analgdsiques 
diminuent ]a fore neuromusculaire. Chez la plupart des sujets, les analgdsiques ont 
une action additionnelle qui contribue ~l le ddpression ventilatoire globale. En 
variant ]a CO,, pour faire varier la force neuromusculaire avant et apr+s l'admi- 
nistration des drogues, on a trouvd qu'~l des niveaux constants de force neuro- 
musculaire, les narcotiques diminuaient le volume courant de la pompe ventila- 
toire. Nous concluons que les aualgdsiques modifient la ventilation de deux fagons, 
"t savoir une rdduction de la force ueurolnusculaire probablement par ddpression 
centrale ct par une augmentation de l'finp~dance de la pompe ventilatoire, vrai- 
semblablement due ~t une chute de la compliance thoracique. 
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