INFLUENCE OF DOXAPRAM HYDROCHLORIDE ON RECOVERY
FROM THIOPENTAL ANAESTHESIA
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Many prucs known as respiratory stimulants have been

covery from poisoning by barbiturates and other sedative
have also been used to imtiate and sustam breathng
accelerate the rate of recovery from general anaesthesia

1

used to accelerate re-
drugs These stimulants
n the newborn, and to
Perhaps the most com-

mon practice m years past has been to add carbon dioxide mhalation at the end

of an anaesthetic to accomplish this goal Even thoug]
practices may be mherently dangerous, they are still used !

Recently, several new drugs have been developed which
and may accelerate recovery from anaesthesia with far

ducing dangerous mrritation of the gastromtestmal tract
tract (coughing, sneezing), or neuromuscular system (m
sions ) % Some of these drugs are now bemg used effects
of chronic mcapacitating lung diseases, and they may
respiratory depression produced by analgesics ™10 Alth
short duration when given as a single injection, they m

the respiratory centres to the arterial blood pCO; durm

ratory depiession and may be useful m this condition,
continuous nfusion rather than as a sigle mjection 2 & 1
A drug of this kind, which was recently introduced, 1s

1 many feel that these
2

 can augment breathing
less likelihood of pro-
(vomiting), respiratory
uscle twitching, convul-
vely mn the management
be useful for reversing
pugh thewr action 1s of
crease the sensitivity of
g postanaesthetic respi-
especially if given as a

{
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1-ethyl-4 ( 2-morpholino-

ethyl)-3,3-diphenyl-2 pyrrolidinone hydrochlorde hydrate (Doxapram®) 12 It is
prepared as a 2 per cent stable aqueous solution having a pH of 35 to 50, which

15 compatible with 5 or 10 per cent dextrose in water and

1th 0 9 per cent salme,

but 1s not compatible with any solutions which are alkaline Radioactive carbon-
tagged studies of Doxapram in dogs showed that 29 per cent of the C'* 1s excreted

in the faeces i the first 48 hours and no Doxapram n
found m the urme

‘the unchanged form 1s

This study was undertaken to delermine whether Doxapram effectively shortens
the recovery time from thiopental anaesthesia in dogs and to evaluate 1its efficacy

for accelerating recovery from thiopental-nitrous oxde

anaesthesia when used

following a relatively standard clinical operation m women The mnfluence of
Doxapram on the respiratory and cardiovascular systems i the immediate post-

anaesthetic periods was also evaluated chimically

Methylphenidate and d-amphetamme were tested in the arumals for compari-
son with Doxapram, but they were not used i the clmical study because the

former frequently causes gastromtestinal disturbances,
cardiac arrhythmas

and the latter causes
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METHODS
Amimal Study

Cross-over experiments were performed four times, at weekly mtervals with
Doxapram, d-amphetamme, and methylphemdate, using 10 mongrel dogs of
comparable age and size (13 to 25 kg, mean 21 kg ) Prior to each test the dogs
were weighed after a 12-hour fast In|every expermment, each dog recewved 25
mg /kg thiopental i a 25 per cent solution, mjected mtravenously mn a forepaw
vem at the approxmmate rate of 150 mg per mmnute This was followed 1mme-
diately, m alternate experiments, by mjection of one of the test drugs The dose
selected for the test drug was based on the therapeutic range of usefulness
Immediately after injection, the dog was placed on the floor of the laboratory
and allowed to recover without bemy disturbed or stimulated The recovery
time of each animal was recorded as the time which elapsed from the beginning
of the injection until the dog hfted its head, and then until it attempted and
was able to stand on all four paws without collapsing As soon as a dog recovered,
it was removed from the room so that rlt would not disturb the remamning dogs

Chimical Study

Female patients, scheduled for elective uterme dilation and curettage, who
were 1n good general health and i the age range of 17 to 50 years, were selected
as subjects for the tests If the anaesthetic course was not smooth, or if the patient
did not have a tidal volume of at least 300 ml as determined by a Wright respi-
rometer, at the termination of the anaesthetic, but before the admmistration of
Doxapram, the patient was not mcluded i the study

Premedication consisted of atropimne or scopolamme 04-05 mg, 1m, admims-
tered 30-45 minutes prior to anaesthesia Induction was achieved with thiopental
25 per cent solution admimistered mtiavenously through a three-way stopcock
connected to an intravenous mfusion of 500 cc 5 per cent dextrose in water A
test dose of 75-100 mg of thiopental was given After 1 minute, the patient was
asked to look at the celng and count aloud during the slow mjection of thio-
pental (25 mg /sec ) When the patien| stopped counting and/or closed her eyes
and wouldn't open them when requested to do so, a face mask was apphed and
mitrous oxide-oxygen muxture (6 htres/2 htres) was admmistered using a semi-
closed method and assisted breathing A second dose of thiopental, equal to the
total induction dose, was then mjected at the same rate When abdommal relaxa-
tion was requuwed to facilitate bimanual pelvic examination, a small dose of
succmylcholne was administered mtravenously Respiratory rate, blood pres-
sure, and pulse rate were recorded throughout the procedure

At the termmation of the surgical procedure, the patient’s {1dal volume was
measured by a Wright respirometer, along with the other wital signs Then, an
ntravenous infusion of Doxapram 01 per cent solution mn 5 pei cent dextrose m
water was begun by connecting it to the existent intravenous mfusion via the
three-way stopcock It was previously decided that 400 mg would be the maxi-
mum dose of Doxapram administered at the rate of 133 mg per munute

Thereafter, vital signs were recorded at 1 mimnute mntervals unti] the patient was
fully recovered from the anaesthetic, as evidenced by her answering questions and
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executing verbal commands #'3 The Doxapram intusion was discontinued when
the desired end pomt was reached and the patient Fvas then taken to the recove:
room where another reading of tidal volume, respiratory rate, blood pressure, and
pulse was taken, usually within 5 minutes after D?)xap ram infusion was stopp
All patients were observed carefully during their stay 1 the recovery room f &rr

1-2 hours postoperatively to determme the occurrence of side-effects.

ResuLTs

The responses to Doxapram, d-amphetamine, and methylphemdate m dogs are
summarized m Table I No untoward effects occurred followmg mjection of the
analeptics, and each mvanably caused an appreciable reduction m the recovery
time from thiopental anaesthesia The effects of Doxapram and d-amphetamme
were essentially the same, while methylphemdate was evidently the weaker
analeptic according to the dosage selected

TABLE 1
EFrcCeT OF RESPIRATORY STIMULANTS ON THIOPINTAL| RECOVERY IN Dogs
Recovery time (min ) Recovery time (min )
Head up Differ- Signifi- Legs up  Differ- Sigmifi
Dose — ence cance ‘ ence cance
(mg /kg) Mean*SE (%) P Mean*SE (%) P
Thiopental alone 25 33 6 53 7
F doxapram 10 22 5 8 00l 3 ¢ 35 <000
iopental alone 25 30 5 44 6
Th_}_ amphletalxmme 01 gi 4 24 <0 001 30 ; 32 <0 001
iopental alone 25 5 49
+ methylphemdate 10 29 7 15 <0 01 38 7 22 <0 01

*Each mean time represents 20 adminmistrations of thiopental alone or with test drug

A summary of the chinical data 1s shown in Table II The first effects of Doxa-
pram were a rapid mcrease 1n tidal volume and respiratory rate These changes
usually became apparent m less than one minute and, m all cases, before three
mmutes following the mitiation of the Doxapram mnfusion Then a plateau was
reached and, after about three to four minutes, there was a gradual decrease in
both respiratory rate and tidal volume, with subsequent levellng off The initial
mcrease 1n tidal volume was usually more promment and striking than the effect
on the respiratory rate Pulmonary ventilation remained stable during the period
of observation after the mfusion was discontmued In no mstance did the tidal
volume or respiratory rate decrease below the valuei noted immediately prior
to the admimstration of Doxapram |

Circulatory changes observed during the administration of Doxapram were not
appreciable No instances of frank hyperiension occt ed a shght ncrease in
blood pressure occurred 1n four patients (> 20 mm Hj ) and an mcrease m heah*t
rate occurred 1n only five patients (10 to 20 beats/ mmuf

Neuromuscular uritation appeared m four patients and. consisted of muscular
ngdity in two of the patients and mild twitching of the small muscles of the face
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TABLE 11

INFLUENCE OF DoxAPRAM ON RECOVERY TIME FROM THIOPENTAL-NITROUS OXIDE ANAESTHESIA
; ; ]

Recovery time (min )

Response
Pentothal Doxapram to
Anaesthesia [ verbal Sluggish Alert Hand Total
Weight time Total otal com verbal verbal face sleeping
Age (kg) (mun) dose mg /ke dose mg /kg mand response response  test tune
1
Control* 40 64 20 480 75 — — 14 17 18 19 38
(55 patients)
Controlt 37 63 19 441 70 — — 12 15 16 18 37
(79 patients)
Mean 37 69 31 560 93 195 33 5 6 7 8 39
(50 patients)
Highest 50 88 45 850 16 2 400 89 10 15 18 20 70
Lowest 17 40 15 400 6 6 80 13 1 2 3 3 18

*#¥Previously reported (Ref 12)
+Previously reported (Ref 2)

and hands mn all four These symptorj:e disappeared within a few minutes after

the Doxapram mfusion was discontinu

Recovery from Anaesthesia

Signs of recovery from the anaesth
changes Once the Doxapram mfusion
the hypnotic state preceding the infus
shghtly drowsy, but all were easily eng

developed sneezing or sahvation dur

d

etic followed shortly after the respiratory
was discontinued, there was no return to
1on The patients remamed fully awake or
raged 1n conversation None of the patients
mg the Doxapram mfusion One patient

coughed and one patient vomited during awakening

Discussion

Continuous mtiavenous mfusion of
chosen over the intermittent method o
viously reported data, as well as our
it permits munute-to-minute control ¢
whereas a single mjection of any anale

The decrease 1n recovery time was
to the expected recovery time followm
most adults “sleep” approximately 40
amount of thiopental which causes u
the total “sleeping time” 1n the contrc
however, the stages of awakening app
an effect observed by others who have'

recovering from thiopental as well as fiom inhalational anaesthe
It 1s obwvious, therefore, that one dannot categorically state
time” 15 changed by any therapeutic measure unless the avera

for a given dose of an anaesthetic age

a dilute solution (01%) of Doxapram was
f intravenous njection on the basis of pre-
own experience with Doxapram, because
if effects both deswrable and undeswrable,
ptic produces an evanescent effect 23 11

not statistically sigmficant when compared
g a double “sleep dose” of thiopental, since
minutes after the mjection of twice the
nconsciousness #1314 In {he present study,
ol and test groups was virtually the same,
eared at a much faster pace m the latter—
studied the action of Do

xapram m humans
sia 3-8

» that “awakenmng
ge “sleeping time”

nt 1s determmed first 1 a similar group or
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m the same group of patients Using a dose of 5 mg /kg

awake responses after 30 mmutes occurred oftener if 1

given than it the control group, although the difference
study reported by Siker, Mustafa, and Wolfson 8 In our s
had a much slower rate of awakening even though the av
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of thiopental, the fully
mg /kg Doxapram was
was not striking m the
tudy, the control groups
erage dose of thiopental

was less and the duration of anaesthesia maintenance was appreciably shorter
On this basss, 1t 1s possible that the Doxapram infusion did i fact accelerate the

rate of recovery

In dogs, an accelerated arousal effect by Doxapra

m hydrochloride 1s an

established fact, as has been shown for virtually all analeptics that have been

tested durmg thiopental anaesthesia '*-'7 To be certan

covery from anaesthesia occurs in humans, one must u
patient 1s anaesthetized at least twice with the same de
without an analeptic, as was done 1n a cross-over test n ar

The resprratory stimulating action of Doxapram 1s be

that an accelerated re-
se a test in which each
ise, once with and once
nmals

yond any doubt, as evi-

denced by the results of this study, as well as those reported by others ¢ The

increase m miute volume of breathing was due consisten
volume and respiratory rate * > The duration of the resp
with Doxapram hydrochloride appeaied to be long-la
patients awakened they did not lapse back mto sleep wi

tory depression This effect may be attributed to the m
be admimstered without provoking undesirable reactic

tly to a rise i both tidal
ratory-stimulating action
sting because once the
th recurrence of respira-
ich larger dose that can

s when a slow dilute

mfusion 1s gwven Such an effect can be duphcated w:kh several of the newer
analeptics 3

Augmented pulmonary ventilation 1s the most useful eFect that one may desire
from use of an analeptic at the end of an anaesthetic on account of the usual
problems arismg when postanaesthetic respiratory depression persists 27818 The
effect on breathing 1s more likely to accelerate awakeg'ung after an nhalation
anaesthetic than one given by the ntravenous route, because the mhaled agent
may be elimmated more rapidly An acceleration of awakening by an analeptic
may also inherently augment pulmonary ventilation °

Effects of Doxapram on the cardiovascular system, as judged by changes m
blood pressure and heart rate, were neghgible in the patents observed and con-
firms similar observations by others +-¢

Complications such as sneezing, salivation, coughing, and nausea and vommting
were uncommon, occurring only m 2 of the 50 patients m the present study,
Four patients developed signs of central nervous system uritation, but, upon
discontinuing the Doxapram mfusion, there was an immediate abatement of this
response Undesirable effects thus appeared to occur less frequently than with
other analephics 2

The advantages and disadvantages of using pharmacological versus mechanical
hyperventilation 1s a subject which remams controversial ' However, pharma
cological hyperventlation supplemented by oxygen mhalation offers advantages
over mechanical methods provided that the analeptic drug does not interfere with
any physwological functions aside from stimulating or augmenting pulmonary
ventilation As with any other method of intensive care¢, constant attendance by
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personnel famihar with the use of araleptic agents and full knowledge of how

to manage possible neuromuscul;

Smce Doxapram appears to p
efficacious if used in the followm
sion not due to excessive doses of
breathing due to mcisional pam (“spl
abdominal procedures, to accelerate

ar C(
pssess a high relative safety factor, it may b
g sithations postanaesthetic respiratory depres

ymplications remain essential

muscle relaxants, postahaesthetic shallo
ting”), especially after thoracic and uppe:

to augment breathing 1n nstances of mild or moderate overdosage with centr

depressant drugs

;Fousal after short surgical procedures, anci
a

It 1s probably wise to avoid the use of Doxapram hydrochloride 1 patients

with a history of epilepsy, petit me

patients with severe hypertensive cal

St

Cross-over expermments performed
chlonde m a single-dose injection was
the recovery tume from a standardiz
more effective than methylphenidate
untoward effects were observed m a

When Doxapram hydrochlonde wa
for 50 healthy female patients follow
the uterus, the drug was effective for

1, and other convulsive disorders and m
rdiovascular disease

IMMARY

m dogs showed that Doxapram hydro-
as effective as d-amphetamine shortening
>d dose of thiopental anaesthesia and was
mn the dosages that were compared No
ny of these expermment
1s used m an 1ntravenojus mfusion method
ing an elective dilatation and curettage of
stimulating respirations ( both tidal volume

and respiration rate) without producing any appreciable circulatory changes

In four mstances, there were signs |
subsided promptly upon discontinuat

An appreciable difference m the 1
between patients receiving the analey
observation leaves no doubt that an
along with the augmented breathing |

from thiopental anaesthesia 1s not a p

of central nervous system uritation which
1on of the Doxapram mfusion

me for full recovery to occur was found
stic and others who did not Direct chnical
arousal effect 1s produced which persists
response However, an accelerated recovery
romment effect with respect to the expected

recovery time because 1t did not appr

eciably reduce the total “sleeping time” fol-

lowing a double “sleep dose” of thiopental m humans

R

A la suite d’expériences croisées c
chlorhydrate de doxapram, administrs
I'amphétamme pour accélérer le réve

14 4
ESUME

ez des chiens, nous avons constaté que le
> en une seule dose, était auss: efficace que
1l a la sute d'une anesthésie produite par

une dose standard de thiopental et ét]iut plus efficace que le phémdate de méthyl
a des doses comparables Au cours de ces expériences, nous n’avons pas observé

d’effets secondarires
Chez 50 malades en bonne santé, op

érées pour dilatation et curetage, nous avons

employé le chlorhydrate de doxapram en perfusion endoveineuse, nous avons
observé une stimulation de la respiration (Vair courant et le rythme) sans change-

ment circulatoire important Chez quatre malades, des s

es duntation du

systéme neirveux central sont apparus, mais, en arrétant la perfusion, ils sont

disparus rapidement
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Nous avons observé une différence appréciable dans le délai du réveil compljt
chez les malades qui avalent regu Panaleptique et cchez ceux qu: ne 'avaient pas
recu L'observation climque directe nous permet d’afirmer quil se produit ur
réveil qui persiste et ams1 qu'une augmentation des échanges respiratowres Toute-
fois, un réveil précoce d’'une anesthésie au thiopental ne constitue pas un facteur
important s1 I'on considére le délai normal prévu pour le¢ réveil, le médicament n'a

pas diminué, de facon appréciable, la durée du sommeil chez 'humain, a la suite
d'une double dose de thiopental
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