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on Days 0, 7, and 14 in each course. Doses of drugs given
may have to be modified accordingly. It is our experience that
anaemia, leucopenia, and thrombocytopenia occur more -often
as the number of courses given increase. The interval between
courses is lengthened to three months after six courses to
prevent undue bone marrow depression.

Discussion

From these results and from those reported from the
U.S.A. (De Vita et al., 1969; Goguel et al., 1969) there can be
no doubt that combination chemotherapy produces a higher
proportion of both complete and partial remissions than the
use of single agents in generalized Hodgkin's disease. Fur-
thermore, the response to treatment is more rapid than with
single agents, and the time interval between each course
probably gives the normal tissues, particularly the bone mar-
row, an opportunity to recover, enabling more chemotherapy
to be given. We still do not know whether remissions
obtained in this way will last longer than when single agents
are used, but the results of De Vita et al. (1969) suggest that
they may.
Our results show that the bone marrow toxicity of combi-

nation chemotherapy is much greater in patients who have
previously received continuous treatment with single cytotoxic
agents, and such therapy should be given with caution to
such patients, probably in modified doses. With patients who
have had no previous chemotherapy it has been gratifying
that the leucopenia and thrombocytopenia have always
resolved. The reason that we encountered more marrow toxi-
city than did De Vita et al. (1969) and Goguel et al. (1969) is
probably because we used vinblastine rather than vincristine,
but we felt that this disadvantage was outweighed by the
absence of neurotoxicity in our regimen.
These results raise another and very important problem in

the treatment of Hodgkin's disease-that is, the indication for
using chemotherapy as opposed to radiotherapy. Everyone is
now agreed that stage I and stage II disease must be treated
with high-dosage large-field irradiation, and that stage IV

disease should be treated with chemotherapy. The problem
centres on the treatment of patients with stage III disease.
Smithers (1969) recommended treating with radiotherapy
patients having stage IIIA disease, and Kaplan (1968)
included IIIB as well. Others are still treating stage III
disease with chemotherapy. Certainly the initial response to
combination chemotherapy in those patients in whom
chemotherapy is being used for the first time compares very
favourably with that of Kaplan's patients treated with radio-
therapy, but it remains to be seen which group will have the
better ultimate prognosis. A controlled trial of the two forms
of treatment in stage III is highly desirable.
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Dr. W. I. H. Shedden, of Eli Lilly & Co. Ltd., for generous
financial support; and Mr. P. J. Cull and Mr. W. D. Tredinnick,
of the department of medical illustration, St. Bartholomew's
Hospital.
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Physiological Responses to Intravenous Diazepam as a
Sedative for Conservative Dentistry
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ummary: The physiological responses to intravenous
diazepam and oral local analgesia for conservative

dentistry have been assessed in 16 patients. Apart
from a transient tachycardia during actual administration
of the drug, no clinically significant changes occurred in
the haemodynamic, respiratory, or metabolic status of the
patients. In some patients there was a period of incompe-
tence of the laryngeal closure reflex.
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Introduction
There appears to be a continuing demand for sedation or gen-
eral anaesthesia for conservative dentistry, but to what extent
this is due to publicity which has not indicated adequately the
hazards involved is still not clear (Central Health Services
Council, 1967). It seems likely that the safest and most satis-
factory method of meeting this demand will be in the use of
potent but short-acting tranquilizers rather than anaesthetics.
Clinical reports on the use of intravenous diazepam for this
purpose have already been published (Poswillo, 1967; Healy,
Edmondcon, and Hall, 1970; MacDonald and Carmichael,
1970). Though a report of the cardiovascular and respiratory
effects of diazepam has been published (Dalen et al., 1969)
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this was in respect of patients and circumstances unrelated to
outpatient dental treatment. As part of a study of many
aspects of the technique of sedation with intravenous diaze-
pam accompanied by local analgesia in the mouth, a detailed
physiological study was undertaken on subjects requiring con-
servative dental treatment as outpatients, and is reported
here.

Method
All the patients were to receive some form of dental treat-

ment, ranging from simple conservation to m,ore advanced
conservation and oral surgical procedures. The detailed phys-
iological measurements were carried out on 17 patients who
had volunteered to undergo the necessary cannulation and
monitoring. Monitoring not requiring cannulation was addi-
tionally carried out on other patients. Some patients were
selected because. of previous unsatisfactory experiences with
local analgesia, and others because they would consent to the
dental treatment only if they were sedated or asleep. To
obtain significant results from challenging the laryngeal clo-
sure reflex this investigation was performed on 64 patients
treated under the same technique. The purpose and nature of
the investigation was explained to all the patients and infor-
med consent obtained.
One standard limb lead of the electrocardiogram (E.C.G.)

and a fronto-occipital electroencephalogram (E.E.G.) were
recorded. Arterial and central venous pressures were mea-
sured by intravascular cannulation and hydrostatic connexion
to suitable electromanometers. A bellows stethograph and
electromanometer were used to record change in the respira-
tory pattern. All electrical signals were amplified with
Devices amplifiers and recorded on a 12-channel U/V
recorder. The pH, PCo2, and Po2 of arterial and central ve-
nous blood were measured with appropriate Radiometer elec-
trodes. The ratio of lactate to pyruvate in the central venous
blood was calculated by an enzymatic method (Gloster and
Harris, 1962). Cardiac output was estimated by a dye-dilution
technique using indocyanine green, sensed by a Gilford den-
sitometer. The time-concentration curves were recorded on a
potentiometric recorder, the area being computed simulta-
neously by an analogue computer to give an immediate result.
The area of the recorded curves was subsequently computed
by standard methods, and these values were used to calculate
the results presented in this paper. The efficiency of the pro-
tective laryngeal reflex was assessed on one occasion only in
each patient, either immediately after or 5, 20, or 60 minutes
after diazepam, by placing 10 ml. of Lipiodol on the back of
the tongue and asking the patient to swallow (Tomlin,
Howarth, and Robinson, 1968). An anteroposterior chest x-ray
film was taken later to identify contrast medium in the lungs.

After the necessary cannulations and connexion of leads the
patients had a rest period to produce as near basal conditions
as the circumstances would allow. Control measurements of
arterial and venous pressures were then made, and the E.C.G.
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and the E.E.G. were recorded. Samples of arterial and venous
blood were taken for blood gas and lactate/pyruvate ratio
estimations. Continuous recordings were taken of arterial
pressure and central venous pressure (in 15 patients), of
ventilation rate (in 15 patients), of the E.C.G. (in 24 patients),
and of the E.E.G. (in 9 patients) through-out the actual
administration of the drug. Recordings were made in all
patients immediately after the drug had been given and at 5,
15, 30, and 45 minutes after the administration of intravenous
diazepam; blood samples were taken for blood gas and lac-
tate/pyruvate estimations at the same times. Diazepam was
given intravenously undiluted, to a total dose of 0-2 mg. per
kilogram of body weight. Total dosage varied between 8 and
18 mg. An initial 10 mg. was given over a period of one
minute, after which there was a minute's pause. If the cal-
culated total dosage exceeded 10 mg. the remainder of the
dose was then administered at the same rate. An appropriate
intra-oral block was placed by the dentist using between 2
and 9 ml. of lignocaine hydrochloride 2%, with 1/80,000
adrenaline, within three to four minutes of the completion of
the diazepam injection.

Results
Under the stress of clinical care not all measurements

could be made at all times in every patient. Mean values and
the standard error of the mean for all measurements are
shown in Table I, with the number of observations on which
they were based.

Cardiac Output.-Serial cardiac output determinations,
including control values, were performed on 14 patients.
Changes in cardiac output from the initial value were statis-
tically insignificant (Table I), a slight fall being associated
with the onset of sedation. Mean cardiac index after adminis-
tration of the drug remained very close to the normal basal
value.

Heart Rate.-The mean changes in heart rate in 17 patients
are shown in Table I. During the actual administration of
diazepam there was a mean rise of 10 beats per minute in
heart rate, but this subsequently fell to just below the mean
rate previous to administration of the drug. This acute rise
exceeded 20 beats per minute in three patients. In two
patients the heart rate after diazepam eventually fell by over
20 beats per minute. In both cases the reduction followed a
relative tachycardia which had been present in the control
period and during the administration of diazepam. The
changes in heart rate are shown in more detail in Table II.

Electrocardiogram.-Electrocardiographic records from a
standard limb lead were made in 24 patients. Apart from the
tachycardia already noted above, no arrhythmias or other
abnormalities were seen.

Electroencephalogram.-The typical change induced by in-
travenous diazepam was the onset of a fast rhythm with a
dominant frequency of 18 cycles per second. This was noted

TABLE I.-Physiological Measurements. Mean Values and Standard Error of Mean. Numbers of Observations are Given in Parentheses.

Time After Administration of Diazeparn
Control

Immediately 5 mins. 15 mins. 30 mins. 45 mins.

Cardiac output (1./min.) .. . 5-8±0-55(14) 5-1 ±0-35(14) 5*3±0-47(12) 4-9±0-47(10)
Cardiac index. . 3-9±0-28(14) 2-81±0-14(14) 2-96±0-26(12) 2-75 ±0-26(10)
Intra-arterial systolic B.P. (mm. Hg) .. . 136±1-6 (15) 133±6-8 (12) *130-1±7-8 (11) t130-8±6-7 (12) 132-7± 6-8 (11) t127±9-5 (6)
Intra-arterial diastolic B.P. (mm. Hg) . . 72±2-5 (15) 73-8±3-6 (12) 75-5±4-1 (11) 76-7±3-8 (12) *76-4±1-9 (11) 75-3±3-2 (6)
Mean B.P. (mm. H) . . .94-2±2-4 (15) 93-6±3-6 (12) 93-6±4-6 (11) 94-1 ±3-8 (12) 95-1 ±3-0 (11) 92-5±4-1 (6)
Total peripheral resistance (dyne/sec./cm.-5) .. 1,458 ± 109 (12) 1,631 ±165 (9) 1,664 ±203 (9) 1,777 ±249 (7)
Heart rate (per min.) . .84-2±3-9 (17) t 94±4-0 (15) 83-1±3-8 (17) 85-1±3-8 (16) 88-8±4-7 (14) 74-7±4-0 (7)
Respiratory rate (per min.) .. .18-9±1-0 (15) 21-4±1-2 (13) *21-5 ±1-1 (13) 20-5 ±1-3 (12) 18-6±1-5 (9) 18-7±1-0 (7)
Pao, (mm. Hg) . .102 ±1-6 (16) 98-2 +2-8 (16) 101-5 ±1-7 (14) 101-6±1-7 (14) 94 9±3-5 (7)
Paco, (mm. Hg) .. .41-2 +0-8 (16) 40 7±1-2 (16) 39-8±1 2 (17) 42-8±1 2 (13) 42-3±1 5 (7)
Pvo, (mm. Hg) . . .47-1 ±1-7 (15) 48-1 ±1-7 (13) 47-2±1-7 (14) 46-3 ±1-5 (14) 48-1±2-5 (6)
Pvco, (mm. Hg) .. .47-4 ±1-3 (16) 46-3 ±0-8 (13) 46-6 ±1-3 (15) 46-3 ±1-0 (14) 50-1±2-8 (5)
Lactate/pyruvate ratio . .6-5 ±0-6 (14) 7-5 ± 1-2 (12) 6-9 ±0-8 (14) *8-3 ±0-8 (14) 59 ±0-4 (6)
Arterial HCO3 (mEq/l.) .. .25-5 ±0-7 (16) 24-4±0-5 (15) 24-6±0-7 (16) *24.01 0-5 (15) *26-8 --1-1 (5)

Using paired t test, * is P<0-05 and t is P<0-01. All others, P>0-05.

4 July 1970

(Two tailed)
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TABLE II.-Changes in Heart Rate Related to Rate Before Administration
of Diazepam.

Change Acute 5 mins. 15 mins. 30 mins. 45 mins. No. of
Readings

Rise>20 3 _ _ 3
Rise 11-20 5 2 1 2 _ 10
Within 10 6 11 12 10 5 44
Fall 11-20 1 3 2 1 _ 7
Fall>20 1 1 1 2 5

in eight out of the nine patients in whom continuous record-
ings were taken. One patient in whom the E.E.G. only was
being recorded received a larger dose of diazepam
(025 mg./kg.) and was unrousable for 15 to 30 seconds. Dur-
ing this time the E.E.G. developed a sleep pattern with a slow
frequency of 4 to 5 cycles per second accompanied by sleep
spindles.

Laryngeal Reflex. In a total of 64 patients 10 ml. of
Lipiodol was placed on the back of the tongue and the
patients were then asked to swallow. The competence of the
laryngeal closure reflex was assessed by the presence or
absence of contrast medium on a subsequent chest radio-
graph. In 19 patients the reflex was challenged immediately
after the administration of diazepam, and in eight patients
contrast medium was found in the lungs. Eight patients were
tested five minutes after the administration of diazepam and
two of them had contrast medium in the lungs. Fifteen
patients had the test at 20 minutes and 22 at 60 minutes after
diazepam; in none of these cases was contrast medium sub-
sequently seen in the lungs.

Respiration.-Changes in arterial and venous oxygen and
carbon dioxide tensions were small and inconsistent, and
were neither clinically nor statistically significant (see Table
I).

Respiratory Obstruction.-When diazepam was adminis-
tered at a rate of 10 mg./min., with a pause of one minute
after the initial 10 mg., sleep supervened in only two patients
out of more than 110 who received this drug under our
supervision. One responded almost immediately to the spoken
word, and the other awoke after half a minute. The latter
patient subsequently admitted to having come to the hospital
straight from working a night shift. In both cases respiratory
obstruction was neither seen clinically nor detected by the
stethograph. In a preliminary study four patients received the
total dose without the pause of one minute after the initial
10 mg., and all four went to sleep. The onset of sleep was
accompanied by clinically obvious respiratory obstruction in
only one patient. In two of the other three, however, though
obstruction was not noted clinically, its occurrence could be
deduced by a reduction in amplitude of the stethograph trace
associated with large swings in the central venous pressure
tracing.

Metabolic Effects.-The changes in lactate/pyruvate ratio
in 14 patients were small, and with one exception the values
obtained were within the normal range found in this labora-
tory. This exception is discussed below. The changes in arterial
standard bicarbonate levels were small. Though the mean val-
ues at 30 and 45 minutes after intravenous diazepam were
significantly different statistically from the control values, they
remained within the normal range.

Local Reactions.-Of 16 patients who received the drug in
the dorsum of the hand, three developed thrombophlebitis.
All the remaining 94 patients received diazepam in the ante-
cubital fossa without sequelae. Three patients oomplained of
pain at the site of injection during actual administration of
the drug.

Dentistry-Healy et al. MEDICAL JOURNAL

Discussion
Excessively apprehensive patients who would otherwise re-

fuse dental treatment require general anaesthesia or heavy
sedation for this purpose. All methods of general anaesthesia
carry a risk of complications, which may vary from minor
morbidity to death (Central Health Services Council, 1967).
Any technique not involving general anaesthesia which is
satisfactory for these difficult patients merits serious attention.
The technique used met the requirements of the patients

and produced satisfactory operating conditions for the dentist.
A full psychological study of the patients was carried out
before and after the procedure to investigate the factors that
led to a demand for this type of treatment, and the psycho-
logical effects produced by it. Tests of co-ordination and
motor function showed that patients were fst to leave the
dental surgery, suitably accompanied, 75 to 90 minutes after
the administration of diazepam. The results of these aspects
of the study are reported elsewhere (Healy, Lautch, Hall,
Tomlin, and Vickers, 1970).
The most notable physiological finding was the absence of

any serious deviations from normal respiratory and cardio-
vascular function. One patient who was included in the study of
the intermittent methohexitone technique by Wise, Robinson,
Heath, and Tomlin (1969), and reacted adversely, volunteered
to take part in the present study and maintained cardio-
vascular and respiratory stability throughout. Suddeni hyperten-
sive responses to pain were not recorded in this study, owing,
no doubt, to the use of an adequate local analgesic block,
which is an essential part of the technique.
One value for the lactate/pyruvate ratio was abnormally

high in one patient (18.4). This value was found five minutes
after the administration of diazepam, but it fell progressively
in the subsequent samples. The patient had a control pulse
rate of 140/min. falling to 100/min. at five minutes and to
801min. at 15 minutes after the administration of diazepam.
The clinical picture was consistent with an initial high level
of circulating catecholamines in an anxious patient that pro-
gressively fell with the effective ablation of anxiety. High
catecholamine levels change the lactate/pyruvate ratio (Buch-
wald and Cori, 1931), and the changes observed could be
explained by postulating an associated initial splanchnic and
hepatic vasoconstriction, with a transient rise in the ratio fol-
lowing an improvement in perfusion of these regions as seda-
tion supervened.
Contrary to the findings of Dalen et al. (1969) there was no

consistent fall in Pao2 or rise in Paco2. This is probably
because in our study the subjects were being continually
stimulated in various ways, including some measurements of
pain threshold by electrical stimulation of a tooth pulp, and
tachypnoea occurred in most patients. The cardiac output
and arterial blood pressure findings were similar to the find-
ings of those workers, as was the lack of any significant
change in calculated peripheral resistance.
The only adverse finding in the present study was that co-

ordination of swallowing was impaired in many of the
patients immediately following the intravenous administration
of this dose of diazepam and in a few of the patients after 5
minutes. It appeared to be satisfactory after an interval of 20
minutes. Of 20 unsedated dental patients with similar intra-
oral analgesic blocks and in whom an air-rotor drill was used,
not one showed contrast media on a radiograph of the chest
after having laryngeal closure competence challenged in a
similar manner. For this reason it is suggested that sponge
packs should be inserted in the mouth to protect the airway
from possible inhalation of debris for at least the first 20
minutes after administration of the drug in this dose. Such a

pack was found to be acceptable to these patients.
In view of the above finding the question of withholding

food and drink clearly arises. In this study no patient had

12 4 July 1970
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food or drink for three hours before receiving the drug, but
we may have been unduly cautious. Provided that the drug is
not administered in such a manner that unconsciousness
supervenes, the risk of vomiting should be no greater than in
any conscious subject. There is another reason why patients
should remain awake throughout. There was a high incidence
of respiratory obstruction in those who went to sleep which
was usually not detected clinically. It is possible that the
transient apnoea after intravenous diazepam reported by
Hellewell (1968) may have been due to umdetectable respiratory
,obstruction.

If sedation is required for conservative dentistry then the
work reported here suggests that intravenous diazepam
administered in the manner described, followed by local anal-
gesia, is physiologically more acceptable than other tech-
niques hitherto investigated.

We extend our sincere gratitude to the patients who volunteered
to take part in this study and made it possible. Our thanks are

due to Professor Shovelton for making facilities available to us at
the Dental School and to Mr. N. Hall, who undertook
the dental surgery. The work was supported in part by the
Endowment Fund of the United Binmingham Hospitals. Some of
the costs of investigations were defrayed by Roche Products
Limited.
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ummary: Patients unable to submit themselves to
routine dental treatment under local anaesthesia

were studied during treatment under diazepam sedation
accompanied by local anaesthesia, and compared with a
matched control group for psychiatric assessment. Physio-
logical responses, operating conditions, amnesia, pain
threshold, and recovery were all assessed by various tests.
Some of the patients had an anxiety neurosis, and

several had been referred because of previous failure to
complete dental treatment. Satisfactory conditions were
obtained in all but two instances, and no adverse physio-
logical responses occurred with diazepam in an intra-
venous dose of 0-2 mg./kg. Patients were clinically safe
to leave accompanied by a responsible adult within one
hour of administration of the drug. Some patients showed
an improvement in attitude towards dentistry following
treatment.

Introduction

It is generally agreed that there are some people who are un-
able to submit to dental procedures under local anaesthesia,
but their number is unknown (Central Health Services Coun-
cil, 1967). A variety of regimens involving various drugs have
been recommended to meet the special problems of such
patients. No single specialty, however, is equipped to consider
all aspects of such a complex problem involving, as it must, a
consideration of such factors as the history and personality of
the patients, and the short-term and long-term physiological
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tSenior Registrar, Department of Psychiatry, University of Birmingham.
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and psychological effects of drug-assisted treatment on
thenm
In an attempt to answer some of these questions the depart-

ments of conservative dentistry, psychiatry, and anaesthetics in
the University of Birmingham have carried out a study of the
technique of sedation with intravenous diazepam, together
with local anaesthesia, for the management of outpatients un-
able to tolerate oral surgery or dental conservation under local
anaesthesia alone. The patients were studied at various times
throughout their attendances at the Birmingham Dental Hos-
pital by different members of the team; for the sake of clarity,
however, the methods and results are presented in this paper
as seen by the discipline most likely to be interested in that
part of the investigation, and the whole study is reviewed in
the discussion.

Dental Aspect

Selection of Patients
All patients were interviewed by the dental surgeon and

assessed regarding their suitability for inclusion in the investi-
gation. The assessment was based on their response to past
dental treatment, their attitude to dentistry, and the reasons for
their fears. Those with cardiovascular and respiratory diseases
were excluded.

If a patient was considered suitable for inclusion in the trial
the method of treatmnent was explained and he was
encouraged to ask questions. No attempt was made to per-
suade or influence patients to accept treatment, which was
normally arranged to be undertaken a week later.

Methods
All patients were prepared as for an outpatient dental gen-

eral anaesthetic, instructed to have nothing to eat and drink
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