Anesthesiology
V 38, No 2, Feb 1973

Laryngeal Competence with Ketamine

and Other Drugs
I. W. Carson, MB., FF.ARCS.* 1. Moore, MD., FFARCS.

J. P. Balmer, M.D., BSc., F.FR.i J. W. Dundee, M.D., Ph.D., FF.ARCS.$
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The ability of the larynx to close in response to
instillation of radiopaque dye into the pharynx
was studied in 75 patients one minute after induc-
tion of anesthesia. Anesthesia was induced with
ketamine, diazepam, chlormethiazole or one of
three induction agents, with or without premedi-
cation. The presence of aspiration was assessed
by radiologic screening. Soiling of the trachco-
bronchial tree with contrast medium occurred fol-
Jowing all agents studied, and its incidence was
increased by sedation or opiate premedication.
The least aspiration occurred after 1 mg/kg keta-
mine or 0.5 mg/kg diazepam in the absence of
preanesthetic medication. (Key words: Aspira-
tion; Ketamine; Obstetrics; Intravenous anesthe-
sia; Diazepam.)

AspiraTioN of gastric contents, with subse-
quent development of Mendelson’s acid-aspi-
ration syndrome, is a well-recognized hazard
of the use of general anesthesia in obstetrics.
An agent which would produce adequate anal-
gesia for obstetric operations while Jeaving in-
tact the pharyngeal and laryngeal reflexes
would be a major advance in this field. Clini-
cal pharmacologic studies by Domino et al.
suggested that ketamine might be such a
drug.® This was supported by the work of
Moore et al., who found that a “drink” of 20
ml of physiologic saline solution given to ob-
stetric patients during ketamine anesthesia was
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cither swallowed or rejected.? However, de-
pression of laryngeal reflexes following ad-
ministration of ketamine,® as evidenced by
tracheobronchial soiling by a radiopaque con-
trast medium placed at the back of the tongue,
has been reported. This is contrary to the ex-
perience of Dundee and Moore,* but different
premedications and doses of ketamine to-
gether with different timing of the laryngeal
challenge may exphin the discrepancy. To
resolve the conflicting results, a larger study
was carried out using two doses of ketamine
given after different premedicants and com-
paring the findings with those obtained with
other soporific drugs, diazepam? and chlor-
methiazole,® which are frequently used in ob-
stetric practice. A study of induction agents
(thiopental, methohexital, and Althesin® 8}
was also included. This paper reports the
findings in 75 patients in whom the compe-
tence of the laryngeal reflexes was tested a
minute after induction of anesthesia.

Methods

The protocol having been approved by the
Faculty ethical committee, informed consent
was obtained before minor gynecologic opera-
tions from 75 healthy patients, ranging in age
from 18 to 48 vears (average 28). They
fasted from the evening prior to operation.
No patient was sensitive to jodine. They fell
into three groups:

1) Those receiving 1 or 2 mg/kg ketamine
intravenously. Preanesthetic medication, when
given, was an intramuscular injection of atro-
pine, 0.6 mg, hyoscine, 0.4 mg, diazepam, 10
mg, or meperidine, 100 mg, 45 minutes prior
to induction of anesthesia.

2) Patients receiving diazepam or chlor-
methiazole. Diazepam was administered in-
travenously at a rate of 5 mg every 5 minutes
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until the patient was drowsy but responded to
commands. Premedication, when given, was
hyoscine, 0.4 mg, or meperidine, 100 mg.

Chlormethiazole, which is chemically re-
lated to vitamin By, is a sedative and anticon-
vulsant drug which is becoming increasingly
popular in the management of pre-eclamptic
toxemia.? It was administered as an intrave-
nous infusion of a 0.8 per cent solution until
the patient was either responsive and “lightly”
anesthetized or unresponsive and “decply” an-
esthetized. No premedication was given to
these patients.

3) Patients receiving intravenous induction
agents without prior medication. These were
thiopental (4 and 6 mg/kg), methohexital
(1.0 and 1.6 mg/kg), and Althesin, a new
steroid induction agent (30 pl/kg).

A minute after the induction of anesthesia
or attainment of the desired level of sedation,
20 ml of an oily suspension of propyliodone
(Dionosil), as used for bronchography, were
injected into the back of the pharynx using a
svringe and a plastic cathcter. The patient’s
throat and chest were screened with a Phillips
BV20 portable image intensifier with strict
coning to a narrow area to prevent scatter of
radiation.  Screening exposures lasted 2 sec-
onds and were repeated at 1-minute intervals
for 5-6 minutes as necessary. At the end of
screening, the operation was begun and anes-
thesia was maintained with nitrous oxide-
oxygen and suitable adjuvants. Where there
was any evidence of contamination of the
trachcobronchial tree by dye, x-ray examina-
tion of the chest was carried out about half an
hour after the end of the operation. Screening
of the patients and examination and interpre-
tation of all x-rays were done by one radiolo-
gist (J. P. B.).

Durirg all procedures, an efficient suction
apparatus, a laryngoscope, an endotracheal
tube fitted with connections, and a syringe
containing a mixture of 100 mg succinylcho-
line and 0.6 mg atropine were immediately
available. Three anesthesiologists were pres-
ent at all times.

Where the incidence of aspiration was low,
the number of patients studied in each series
was 10 to 12. This was reduced to three in
the remaining series, except for the induction
agents with which aspiration and laryngo-
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Bxlalcml aspiration of contrast medium

Fic. 1.
with 2 mg/kg after pri
cation with mepcndmc 100 mg.

hetic medi-

spasm limited the numbers to one or two in
each group.

Soiling of the tracheobronchial tree was sub-
divided into two categories, frank aspiration
of contrast medium (fig. 1) and tracheal soil-
ing (fig. 2), depending on whether the con-
trast medium passed beyond the carina. This
was purely a radiologic diagnosis. \Where as-
piration did not occur, it can be assumed that
the dye was actively swallowed.

Results

The addition of sedative premedication in-
creased the incidence of aspiration, especially
with ketamine at the 2 mg/kg dose level
(table 1). In the absence of preanesthetic
medication, almost half of the patients receiv-
ing the larger dose had no dye in the tracheo-
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bronchial tree.  With 1 mg/kg, two thirds of
the patients without preanesthetic medication
had no evidence of aspiration, while in only
one had the medium passed the carina. The
addition of any sedative preanesthetic medi-
cation increased the risk of tracheal aspiration
to a significant degree (P <0.025, x*=6.44
at 2 mg/kg; P < 0.01, x* =7.87 at 1 mg/kg).

Of the ten unpremedicated patients receiv-
ing diazepam (table 2), only one had frank
aspiration, compared with a 50 per cent inci-
dence (i.c., three of six patients) in patients
who received sedative premedication. All the
patients receiving a combination of meperidine
and diazepam, iv, had some evidence of aspi-
ration of dye.

The events with chlormethiazole were dif-
ferent from those with any of the other agents.
Five of the six patients receiving this drug in-
haled the contrast medium, and two of these
five actually regurgitated and aspirated it, one
developing laryngospasm, respiratory obstruc-
tion, and cyanosis. Regurgitation did not oc-
cur with any other drug.

Following induction of anesthesia with thio-
pental, methohexital and Althesin, aspiration
of contrast medium occurred in eight of nive
patients (table 3). The remaining patient,

Tracheal soiling, as evidenced by two thin lines of contrast medium on the tracheal
wall, following sedation with diazepam.

who was given the smaller induction dose
of thiopental, developed mild laryngospasm.
This occurred in four of the seven patients
receiving a barbiturate, and was particularly
troublesome with light methohexital anesthe-
sia, but was not encountered with Althesin.

Figure 3 shows the percentage incidences
of aspiration with the different drugs, with
and without preanesthetic medication. It can
be scen that the lowest incidence of tracheo-
bronchial soiling was with 1 mg/kg ketamine
and 0.5 mg/kg diazepam in unpremedicated
subjects.

Discussion

In their review of the current status of keta-
mine, Bovill and colleagues?® stated, “one
cannot be certain as to its safety in the pres-
ence of a full stomach. Here it is vital that
anesthesia should not be too deep, or the ad-
vantage of the drug is lost.” The present in-
vestigation substantiates this view and also
the view that its use should be restricted to
physicians skilled in the management of air-
way problems.1?

Although the use of ketamine does not guar-
antee that the trachea will be fully protected
from aspiration, in unpremedicated subjects,
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TapLe 1. Incidences of Soiling of the Tracheobronchial Tree after Two Doses
of Ketamine with Various Medications

o N Number of
Preanesthetic Number of ot Latients Nuraber
Medication Patients Who Had Fho Had “Clear
Aspiration Soiling ;
Ketamine, 2 mg/kg | None | 11 [} 0 5
Atropine, 0.6 mg 3 2 1 0
Hyoscine, 0.4 my 3 3 {] (]
Diazepam, 10 my 3 3 0 1]
Meperidine, 100 myg 3 3 0 i 0
Ketamine, 1 mg/kg [ None 12 1 : ! S
Hyoscine, 0.4 mg 3 3 ) 0
Diazepam, 10 mg 3 1 0 2
Meperidine, 100 mg 3 2 0 1

TabLi 2. Incidences of Soiling of the Tracheobronehial Tree after the Drug Combinations Shown

— } ‘ ; -
! ! . - Number of
. b res i ; Numt Pt
Aversie Do =N R oy
i atients  A\spiration
Diazepam 0.5 mg/kyg | None ! 10 1
| 0.1 myg/kg | Hyoscine, 0.4 mgg 3 1
; 0.1 myg/ky | Mcperidine, 100 mg 3 2
Chlormethinzole }0.25 ml/kg/min dight) | None 3 0 3 ‘ 0
:0.34 ml/kg/min (deep) | None 3 2 | 0 : i
;
Tanee 3. Incidences of Roiling of the Tracheobronehiad Tree with Propylisdone
(Dionosily Given One Minute after Three Induction Agents
E i —— e ~ = - - —
g Number of Nurber of -
. Nuaber of . e 11 "ati ho H Nuwb
Induction Asent 3 e varient! ’ Pavigs Who llad | e Whafiad | et
- - I
Thiopental 4 mg/ky 2 1 ¢ 1
0 mg/ke ] 1 0 ; 0
Methohexital 1.0 mg/kp 2 2 ! 0 0
1.6 mg/kye 2 2 ; 0 0
2 ) 0

Althesin 50 al/kg 2

even at the lower dose of 1 mg/kg, it would
appear to provide greater protection than any
other agent studied except diazepam. This
may have been a result of preservation of the
swallowing reflex. More important is the ob-
servation that any sedative premedication in-
creases the risk of tracheal aspiration after
ketamine, and in obstetric practice one must

remember that many patients will have re-
ceived sedative or analgesic drugs during labor.

There are unsubstantiated reports of aspi-
ration of gastric contents in non-intubated pa-
tients given ketamine!>13 and a deseription
of aspiration pneumonitis following its use in
a child."* This patient, a 6-year-old boy, had
also reccived pentobarbital. His intracranial
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DRUG PREMEDICATION §_

KETAMINE  2mglkg -

1mg/kg -

+

DIAZEPAM  O-Smglig -

O-4mglkg +

CHLORMETHIAZOLE -

INDUCTION  AGENTS -

Fic. 3. Overall incidences of aspiration (solid bars) and tracheal soiling (bars with dots)
with various drugs, with and without preanesthetic medication.

pressure was high, and he vomited about 15
minutes after loss of consciousness and failed
to cough after the vomiting episode.

In some countdes diazepam, iv, is com-
monly employed as a sedative for the anxious
patient prior to artificial rupture of the mem-
branes and in the treatment of pre-eclamptic
toxemia and eclampsia. All our patients given
diazepam, iv, were responsive to command,
swallowing readily, and were in a lighter plane
of anesthesia than those receiving ketamine,
1 mg/kg. \When preanesthetic medication was
avoided, aspiration was not a problem, but un-
like the ketamine-treated patients, these pa-
tients could not have undergone surgery. Al-
though narcotic premedication permitted use
of a lower dose of diazepam to produce the
necessary depth of sedation, it also resulted in
a 100 per cent incidence of tracheobronchial
soiling. This drug combination is commonly
used in the obstetric patient. When used as
a sedative for conservative dentistry, diazepam
has been shown to produce a period of incom-
petence of the larvngeal closure reflex.!s

Tomlin et al. demonstrated that the larvn-
geal reflex can be depressed for as long as two
hours following any light general anesthesia.!s
Others have demonstrated that contrast me-
dium can be aspirated into the tracheobron-
chial tree during intermittent methohexitone
anesthesia for conservative dentistry.’™1% In
the present study the barbiturates were par-
ticularly dangerous, especially during the light
anesthesia, as laryngospasm and ainwvay ob-
struction were encountered.

Although this study has revealed a moder-
ately low incidence of aspiration of propylio-
done after small doses of ketamine without
premedication, it must be appreciated that a
nonirritant contrast medium was used. Per-
haps laryngeal closure would have occurred
more frequently, with consequent lessening of
aspiration, had a more frritant contrast me-
dium been used. Since this work was started,
a method using very dilute ammonia in air as
a challenge has been described by Hinkle and
Tantum,® but it was felt ethically unjustifi-
able to pursue this study further.

The authors thank their gynccological colleagues
and the nursing staff and radiographers of Mus-
grave Park Hospital for their cooperation in this
study. is work was supported in part by a
grant from Parke, Davis and Company.
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Obstetrics

ABORTION AND COAGULATION FACTORS Coagulation studies were car-
ried out in 40 patients undergoing induced abortion by intra-amniotic injection of
hypertonic saline solution. Other reports have indicated that severe defibrination
syndromes can occur with this method of abortion. Findings of the study included:
1) no significant change in prothrombin time, partial thromboplastin time, or fibrino-
gen level; 2) a lowered platelet count, as well as profibrinolysin and fibrinolytic in-
hibitor levels; 3) the appearance of soluble fibrin monomers in plasma; 4) a de-
crease in factor VIIL. The association of decreased platelet count, decreased factor
VIII and evidence of soluble fibrin monomers suggests that early incomplete activa-
tion of the coagulation system was taking place. In addition, the reduced pro-
fibrinolysin and Bbrinolytic inhibitor levels indicated slight activation of the fbrino-
Iytic system. Despite these changes, no sign of thrombosis or hemorrhage was
evident in any patient studied. One patient, not included in the study, has since
developed disseminated intravascular coagulation. The authors note that problems
may develop in the rare patient with pre-existing coagulation defects, fibrinolytic

defects, or thrombocytopenia.

(Brown, F. D., Dacidson, E. C., Jr., and Phillips

L. L.: Coagulation Change after Hyperionic Salinc Infusion for Late Abortions,

Obstet. Gynccol. 39: 538-543, 1972.)
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