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Abstract
Objective-To assess the diagnostic value and

safety of the benzodiazepine antagonist flumazenil
in patients with coma ofunclear origin with suspected
poisoning.
Design-Double blind, placebo controlled,

randomised study.
Setting-Intensive care unit at a major teaching

hospital.
Patients- 105 Unconscious adults admitted

consecutively with suspected drug overdosage during
18 months from a total of 362 cases of poisoning.
Exclusion criteria were pregnancy, epilepsy, obvious
poisoning with drugs identified unequivocally from
information from relatives or others as other than
benzodiazepines, and coma score >10 on a scale
graded from 4 to 20. Patients were allocated randomly
to receive flumazenil (21 men and 32 women) or
placebo (25 men and 27 women).

Interventions -Intravenous injection offlumazenil
(10 ml, 0-1 mg/ml) or placebo (10 ml vehicle alone)
given double blind over three minutes.
Main outcome measures- Serum and urine

concentrations ofbenzodiazepines, antidepressants,
and several other agents; blood gas tensions;
standardised evaluation on admission and five
minutes after the injection by means of coma scale
score and urgent diagnostic or therapeutic interven-
tions indicated according to the history and clinical
examination; standardised interview after the
injection to try to ascertain further information; and
adverse reactions.
Results-Benzodiazepines were found in the

serum in 36 of the 53 patients in the flumazenil group
and in 37 of the 52 who received placebo. The
average coma scale score increased significantly
after injection in the flumazenil group (6-4 v 12-1,
p<0-001) but not in the placebo group. In the flu-
mazenil group several interventions were rendered
unnecessary by the injection: gastric lavage and
urinary catheterisation (19 patients each), intubation
(21), artificial ventilation and computed tomography
of the brain (three patients each), blood culture and
lumbar puncture (one patient each), and electro-
encephalography (two). In the placebo group the
indications for these procedures did not change in
any patient after injection. The 95% confidence
interval for the difference in reduction of the fre-
quency ofindications for gastric lavage after injection
between the two groups was 21% to 51%, that for
intubation 25% to 55%, and that for urinary catheter-
isation 21% to 51%. In the flumazenil group 21
patients gave valuable information on their drug
ingestion within 10 minutes after injection compared
with only one in the placebo group (p<0-001). Nine
adverse reactions were recorded in the flumazenil
group, eight of which were graded as mild and one
severe. The safety of the antagonist was acceptable,
even though 60% of the patients in the flumazenil
group had multiple drug poisoning including
benzodiazepine. No epileptic seizures or arrhythmias
were recorded.
Conclusion-Flumazenil is a valuable and safe

differential diagnostic tool
multiple drug poisoning.

in unclear cases of

Introduction
Patients with coma of unknown aetiology are

commonly admitted to the emergency room. They
constitute a high risk group'2 requiring instant
management and often extensive diagnostic pro-
cedures, such as lumbar puncture, blood cultures,
electroencephalography, or computed tomography of
the brain.23 Unconsciousness has various possible
causes including severe infection, respiratory failure,
metabolic disorders, cerebrovascular incidents, and
poisoning, which is the most common.2 4 In cases of self
induced poisoning the drugs ingested are commonly a
mixture of several compounds, and their identity is
often unknown.56 Standard treatment including
intubation, gastric lavage, and giving activated charcoal
is therefore often indicated.367
The benzodiazepines are the most commonly used

drugs in selfpoisoning3 7; they have been reported to be
involved in about half of all drug poisonings in several
countries.68 The introduction of flumazenil, a selective
benzodiazepine antagonist,9 has opened new possibili-
ties for emergency management in such cases. Many
have suggested that flumazenil should be used as a
differential diagnostic tool in suspected poisoning of
unclear cause,''" and case reports of this application
have recently been described.'2"3 Others have urged
extreme caution in the use of flumazenil in multiple
drug overdosage including benzodiazepines.'4
However, no controlled study for evaluation of its use
in this way has been reported.
The aim of this investigation was to appraise the

diagnostic value and safety of flumazenil in patients
with coma ofunclear aetiology in which benzodiazepine
overdosage could not be ruled out as a main or a
contributory cause of decreased consciousness.

Patients and methods
We investigated 105 patients (mean age 42 (range 17-

83)) admitted consecutively to the medical intensive
care unit of the Southern Hospital with suspected
poisoning. A criterion for enrolment was unconscious-
ness defined as less than 11 points on a modified
Glasgow coma scale'67 on admission. The scale was
graded from 4 to 20 (table I). Patients in whom
benzodiazepine poisoning could be ruled out from
information from relatives or others were excluded.
Further exclusion criteria were pregnancy and epilepsy.
The study was performed over 18 months, during
which a total of 362 patients with poisoning were
treated at the unit. Most of them were excluded from
the study because their level of consciousness on
admission was too high; the 105 patients included were
randomly allocated to a flumazenil group (21 men and
32 women) or a placebo group (25 men and 27 women).
The patients were enrolled into the study, evaluated,

and treated by the physician on duty at the unit.
Samples of blood and urine for toxicological examina-
tions were taken on admission. Samples of arterial
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TABLE I-Level of
consciousness, assessed according
to a modified Glasgow coma
scale (minimum score = 4 (deep
coma), maximum score = 20
(fully awake))

Modified Glasgow coma scale

Best verbal response
I = None
2 = Incomprehensible
3 = Inappropriate
4= Confused
5 = Adequate

Orientation in time and space
I = No response
2 = Total disorientation
3 = Only orientation in space
4 = Only oricntation in time
5 = Excellent orientation

Best motor response
I = None
2 = Extending
3 = Flexing
4 = Withdrawing
S = Localising
6 = Obeying commands

Ekye opening
I = None
2 = To pain
3 = To speech
4= Spontaneous

blood for analysis of blood gas tensions were taken on
admission, before any supplementary oxygen was
given. Patients were monitored continously throughout
the study by electrocardiography, and a conventional
12 lead electrocardiogram was recorded in all patients.
Shortly after admission each patient was evaluated in
terms of the acute interventions indicated from his or
her history and clinical examination. The physician
was instructed to follow the standard routines,
including intubation for gastric lavage and giving
charcoal in comatose patients with suspected serious
self poisoning, artificial ventilation in patients with
severe respiratory depression, and urinary catheterisa-
tion in patients with urinary retention if urine analysis
was needed urgently. The evaluation was performed
according to a specially designed protocol including
the interventions listed in table II. The level of
consciousness was assessed according to the modified
Glasgow coma scale.

Immediately after the scoring procedure and baseline
evaluation an intravenous injection of active drug
(1Oml flumazenil 0 1 mg/ml) or placebo (1Oml vehicle
alone) was given double blind over three minutes. Five
minutes after the end of the injection the indications
for interventions were again evaluated and the coma
score was assessed. In addition, a standardised inter-
view was conducted with the patient, the result of
which was classified into three categories: (a) no
comprehensible verbal response, (b) able to speak but
gave no additional information about the drugs
ingested, and (c) gave valuable information on drug
intake. Finally, any adverse reactions to flumazenil
were recorded. These were graded as severe, moderate,
or mild. Ten minutes after the injection a further blood
sample for blood gas analysis was taken, and 15
minutes after the injection the coma score was again
assessed, completing the study protocol.

For ethical reasons the code was disclosed after
completion ofeach individual protocol, so that patients
who had received placebo could be given flumazenil in
an open design and separately from the study protocol
if indicated. After completion of the protocol in each
patient in the flumazenil group the interventions that
were considered to be indicated at the evaluation after
injection were performed. The corresponding inter-
ventions indicated in the patients in the placebo group
were also carried out if the flumazenil given after the
study did not dramatically alter the clinical picture.
The study was approved by the local ethics committee.

Analytical methods
In all patients the serum concentrations of benzo-

diazepine derivatives were assayed in duplicate by gas
chromatography with the "electron capture detector"
technique.5 The serum concentrations of ethanol,
methanol, and paracetamol were also determined in all
patients with standard procedures. A qualitative
screening method for urinary amine was used to detect

TABLE II-Evaluation ofindicationsfor diagnostic or therapeutic interventions immediatelv before andfive
minzutes after double blind injection offlumazenil or placebo

No (o) of patients with urgent indication
f'or intervention

Flumazenil group Placebo group
(n=53) (,n=52)

%) Differeince (95%O confidence interval) in
Beforc After Before Aftcr reduction of frequency of indications f'or

Interventions studied injection injection injection injection interventions after injectioit between groups

Gastric lavage 40 (76) 21 (40) 31 (60) 31 (60) 36 (21 to 51)
Intubation 40 (76) 19 (36) 33 (63) 33 (63) 40 ('25 to 55)
Urinary catheterisation 39 (74) 20 (38) 37 ('71) 37 (71 36 (21 to 51)
Artificial ventilation 7 (13) 4 (8) 10 (19) 10 (19) 6 (O to 12)
Computed tonmography of

thebrain 6(11) 3(6) 5(10) 5(10) 6(Oto 12)
Electroencephalography 3 (6) 1 (2) 1 (2) 1 (2) 4 Not tested
Analysis of spinal fluid 2 (4) 1 (2) 3 (6) 3 (6) 2 Not tested
Blood cultures 1 (2) 0 5 (10) 5 (10) 2 Not tested

phenothiazines.2 This method gives false positive
results for antihistamines and for high concentrations
of antidepressants. In patients with suspected intake of
polycyclic antidepressant drugs the serum concen-
trations of these drugs were determined in duplicate by
high performance liquid chromatography.2' Other
suspected agents were also assayed in the serum or
urine, or both, in several patients.

Statistical methods
We calculated 95% confidence intervals for the

difference between the two groups in the reduction of
the frequency of indications for interventions after
injection. Z2 tests were used to analyse the results of the
standardised interview, and Student's t test for paired
or unpaired values was used for the coma scores and
blood gas tensions.

Results
Among the 105 unconscious patients, two had

negative results on toxicological examination and their
condition was not diagnosed as self poisoning. One was
a man with an intracerebral haemorrhage and the other
was a woman with chronic obstructive pulmonary
disease and acute respiratory failure. In addition, one
patient had a subarachnoid haemorrhage after an
overdose of amphetamine and another had combined
poisoning with benzodiazepines and propiomazine and
streptococcal septicaemia.

Toxicological examinations
Thirty six patients in the flumazenil group and 37 in

the placebo group were found to have taken overdoses
of benzodiazepines. Ethanol was present in the serum
in 28 patients in the flumazenil group (mean 52 mmol/l
(240 mg/100 ml)) and in 27 in the placebo group (mean
63 mmol/l (290 mg/100 ml)). Other commonly detected
drugs were phenothiazines (20 patients in the
flumazenil group and 12 in the placebo group) and
polycyclic antidepressants (eight and five patients
respectively). Some serum samples were also positive
for hexapropymate (four patients), barbiturate and
paracetamol (three patients each), dextropropoxy-
phene and meprobamate (two patients each), carbama-
zepine, salicylate, chloral hydrate, diphenhydramine,
amphetamine, and methaqualone (one patient each).

Interventions
In 27 of the 53 patients in the flumazenil group the

indication for at least one of the interventions studied
was rendered unnecessary by the injection of drug.
The total numbers of these eliminated interventions
were: gastric lavage (19 patients), intubation (21),
urinary catheterisation (19), artificial ventilation
(three), computed tomography of the brain (three),
electroencephalography (two), lumbar puncture (one),
and blood culture (one) (table II); nor were these inter-
ventions performed later during the patients' stay at
the hospital.

Interview after injection
None of the patients gave a comprehensible verbal

response on admission. In the flumazenil group 21 of
the 53 patients were able to speak and give valuable
information on ingestion of drugs within 10 minutes
after the injection, and the corresponding number in
the placebo group was one of 52 patients (p<0 001)
(table III).

Blood gas tensions
In the flumazenil group the mean arterial carbon

dioxide tension on admission was 6-0 kPa and the mean
arterial oxygen tension 10 5 kPa. Ten minutes after the
flumazenil injection the mean arterial carbon dioxide
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TABLE III-Resuilts of interview conducted five to 10 minuites after the
end of the injection offliumazenil or placebo (figures are numbers of
patients)

Flumazenil group Placebo group
Patient's response (n=53) (n=52)

Able to speak and gave
valuable information on
drug ingestion 21 *

Able to speak but gave no
new information 6 2

No comprehensible verbal
response 26 49

*p<0001 Compared with number of patients in placebo group in the
corresponding category.

tension had decreased significantly to 5 6 kPa (p<001)
and oxygen tension had increased to 11 3 kPa
(p<0-01). In the placebo group the blood gas tensions
on admission were not significantly different from
those in the flumazenil group, and they did not change
after the injection of placebo. In eight of the 105
patients one or both of the arterial blood samples were
never measured, and in another 18 patients supple-
mentary oxygen had been given before the second
sample was taken. The mean values for blood gas
tensions are therefore based on samples from 79
patients (44 in the flumazenil group and 35 in the
placebo group).

Adverse reactions
Nine episodes of adverse reactions were recorded in

the flumazenil group; eight were graded as mild and
were observed five to 15 minutes after the patient
regained consciousness. They were reported as
agitation (three patients), a depressive mood (three),
nausea and vomiting (one), and shivering (one). One
adverse reaction, graded as severe and reported as a
sudden fall in blood pressure, occurred in a 28 year old
woman in deep coma after combined poisoning with
benzodiazepines and maprotiline. Two minutes after
the injection of flumazenil her coma score increased
from 4 to 10 and at the same time her systolic blood
pressure fell from 100mm Hg to 60mm Hg. No
arrhythmia was noted. She was immediately intubated
for gastric lavage and given fluid intravenously, and
after about 15 minutes her haemodynamic values were
normal. In the placebo group two adverse reactions

were recorded after the injection and were reported as
mild shivering and moderate pain at the injection site.
Ten patients in the study in whom laboratory exam-
inations confirmed overdosage with a combination of
benzodiazepines and polycyclic antidepressants were
given flumazenil. Eight of them had high serum
concentrations of antidepressants22 23 and three showed
transient electrocardiographic signs ofcardiac affection
on admission; only one, however, reacted unfavourably
to the antidote (table IV).

Level ofconsciousness
The average coma scale score on admission in

the flumazenil group was 6 4; five minutes after
the injection it had increased significantly to 12-1
(p<0-001). In the placebo group the average coma
score of 6 6 on admission was not significantly different
from that in the flumazenil group, and it did not change
after the injection of placebo. The mean time spent in
the intensive care unit by the 105 patients was 32 hours
(range 4-164). All patients except two were in a stable
somatic condition and fully awake when discharged.
One patient with an intracerebral haemorrhage was
still in a coma on transfer to a neurosurgical depart-
ment, and one with a subarachnoid haemorrhage died
in the unit after 32 hours' mechanical ventilation.

Discussion
This investigation shows the diagnostic utility of

flumazenil in coma with suspected poisoning. The fact
that gastric lavage, intubation, and urinary catheterisa-
tion may be avoided in several cases after giving
flumazenil greatly benefits patients as these procedures
are not without complications.3 This and the finding
that other interventions, such as artificial ventilation
and computed tomography of the brain, were also
rendered unnecessary by flumazenil in some patients
are important in the optimal utilisation of hospital
resources. Furthermore, the fact that 40% (21) of the
patients in the flumazenil group were able to give
important information about their ingested drugs
shortly after injection despite the fact that only four of
the 53 patients in this group had taken benzodiazepines
alone emphasises the value of the antagonist as a
differential diagnostic tool.

TABLE IV-Summary of clinical and toxicological data on 10 patients with combined poisoning with benzodiazepines and polycyclic antidepressants receiving 1 -0mg intravenous
flumazenil

Serum Serum
benzodiazepines antidepressants Diagnostic Adverse effect Treatment after

Patient No (nmol/l) (nmol/l) electrocardiogram with flumazenil flumazenil

I Diazepam (4400) Amitriptyline (2300) Normal None* Intubation, gastric lavage, artificial
Desmethyldiazepam (12 000) Nortriptvline (300) ventilation
Nitrazepam (46 000)
Flunitrazepam (200)

2 Diazepam (600) Amitriptyline (2700) Normal None Intubation, gastric lavage, artificial
Desmethyldiazepam (4600) Nortriptyline (400) ventilation

3 Oxazepam (39 000) Clomipramine (600) Normal None Intubation, gastric lavage
Desmethylclomipramine (400)

4 Lorazepam (positive) Maprotiline (1900) Wide QRS complex Acute fall in blood pressure Intubation, gastric lavage, extra
Alprazolam (positive) fluid treatment

5 Diazepam (3100) Maprotiline (1100) Normal None* Intubation, gastric lavage, artificial
Nitrazepam (900) Clomipramine (300) ventilation
Oxazepam (10200) Desmethylclomipramine (100)

6 Diazepam (1900) Amitriptyline (1700) Sinus tachycardia None Intubation, gastric lavage
Desmethyldiazepam (2400) Nortriptyline (800)
Flunitrazepam (40)

7 Nitrazepam (4000) Amitriptyline (1400) Normal None Intubation, gastric lavage, artificial
Nortriptvline (200) ventilation

8 Oxazepam (15 000) Amitriptyline (3200) Wide QRS complex None Intubation, gastric lavage
Flunitrazepam (70) Nortriptvline (900)

9 Nitrazepam (1000) Clomipramine (400) Normal None* Observation
10 Diazepam (400) Amitriptvline (2500) Wide QRS complex None Intubation, gastric lavage

Desmethyldiazepam (200) Nortriptyline (200)
Nitrazepam (3100)

Therapeutic concentration of the sum of amitriptvline and nortriptvline 400-800 nmol/l and of maprotiline 650-950 nmolIl. Steady state concentrations with therapeutic doses of
benzodiazepines are approximately: diazepam 700-2100 nmolIl, desmethyldiazepam 900-2700 nmol/l, oxazepam 700-4200 nmolUl, nitrazepam 100-200 nmolUl, and flunitrazepam 10-30 nmol/l.
*Placebo group. Received flumazenil in open design injection after study.
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Among the many patients who reacted favourably to
the antidote was a 58 year old woman with chronic
obstructive pulmonary disease who was admitted with
deep coma of unknown aetiology. She was breathing
superficially at a frequency of 42 breaths/minute and
had an arterial carbon dioxide tension of 12 -9 kPa. Five
minutes after the blind injection of flumazenil, which
rendered planned intubation, gastric lavage, artificial
ventilation, and computed tomography unnecessary,
she was almost completely awake and admitted
overdosage with benzodiazepines. Ten minutes after
the injection her breathing frequency was 18 breaths/
minute and her arterial carbon dioxide tension was
8 - 7 kPa. Her consciousness decreased somewhat during
the next hours, but none of the interventions studied
were needed. The favourable effect of flumazenil on
gas exchange, in this patient as in the full study,
supports previous observations of the ability of the
drug to reverse respiratory depression induced by
benzodiazepines.24
The safety offlumazenil in this study was acceptable,

which is noteworthy, considering that 32 of the 53
patients in the flumazenil group had mixed drug
poisoning with involvement of benzodiazepines. Only
one severe adverse reaction was recorded, that of a
sudden fall in blood pressure that occurred in a patient
poisoned with a combination of benzodiazepines and a
polycyclic antidepressant (case 4, table IV). The
mechanism underlying this hypotensive event, which
was probably precipitated by flumazenil, is not clear.
Cases have been reported of patients with combined
overdosage with benzodiazepines and some epilepto-
genic or cardiotoxic drug in whom flumazenil induced
convulsions'4 or ventricular arrhythmias.'" Epileptic
seizures are a recognised hazard in the use offlumazenil
in patients with epilepsy regularly treated with
benzodiazepines.2' The suggested explanation for the
possible provocation of rhythm disturbances by
flumazenil in multiple drug poisoning is that the direct
effect of a cardiotoxic compound on the heart may be
accentuated by the reversal of the dampening effect of
benzodiazepines on sympathetic nervous activity. 5
The patient with an acute fall in blood pressure in this
study, however, had no arrhythmia, which often is
associated with hypotension in severe overdosage with
antidepressants.26 Another conceivable cause of
hypotension induced by antidepressant drugs is the
quinidine-like direct depressive effect on the myocar-
dium. Whether benzodiazepines in some way
counteract this effect, however, is not known. The few
cases reported of severe symptoms precipitated by
flumazenil must not cloud its demonstrated and obvious
clinical utility, particularly in unclear cases of multiple
drug poisoning. Naturally, flumazenil must be used
with caution in these patients. Epilepsy is a definite
contraindication. A diagnostic electrocardiogram
should be recorded before flumazenil is given, since a
QRS duration of 0 10 s or greater indicates serious
overdosage with tricyclic antidepressants.27 In coma-
tose patients with suspected drug poisoning and such

electrocardiographic changes the measures required
are immediate intubation, gastric lavage, activated
charcoal, and sometimes controlled ventilation rather
than a potentially risky and probably ineffective
injection of flumazenil.
We conclude that flumazenil is a valuable and safe

diagnostic tool in suspected poisoning of unclear
origin. A normal electrocardiogram recorded before
giving the antidote will imply a minimal risk of any
adverse reactions in cases of combined intake of
benzodiazepines and antidepressants.
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ONE HUNDRED YEARS AGO

It is stated that Sir George Grey intends shortly to ask the New Zealand
legislature to adopt a measure "throwing open" the medical profession.
We suppose this means the establishment of free trade in the practice of
medicine, without the vexatious restrictions as to education, diplomas,
and so forth at present imposed by a tyrannical law. Sir George appears to
think that the great heart of the people may be trusted to distinguish
quacks from true men among professors of the healing art with the same

unerring instinct as it chooses its political guides; in any case he would
probably argue that it is better a nation should be free than healthy. One
clause in the Bill will provide that every prescription shall be written in
English; of course spelling and grammar will be entirely optional. It is to
be hoped, however, that the "openness" of practice may not extend to
dosage.

(British Medical3Journal 1890;ii:51 1.)
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