
318 9 May 1970 Diagnosis in Renal Disease-Black MEDICAIL JOURNAL

management, since what matters to the patient is his capacity to
eliminate wastes, not the means by which he achieves this.

(3) In relation to bio-engineering the need to operate on large
volumes of fluid limits the possible minimization of artificial kid-
neys. An implantable device would have to depart from the kid-
neys' own method of bulk filtration, unless it could somehow in-
corporate a concentrating mechanism of comparable efficiency to
the renal tubular mass. Though the present artificial kidneys
substitute dialysis for filtration, the need to operate with large
volumes of fluid remains; but it would be foolish indeed to set
limits to the future ingenuity of bio-engineers, who are after all
free to depart from nature's methods, so long as they fulfil
nature's ends.

In the practical assessment of excretory function the choice
of method depends largely on the facilities available and on
the end in view. Since the blood urea does not increase un-
equivocally until urea clearance is depressed to a very great
extent (to 200/,, or less of the normal value), clearance methods
have an obvious theoretical superiority to simple estimation of
blood constituents. The weakness of clearance methods,
however, lies in their dependence on accurate times of col-
lection of urine specimens, which makes them cumbrous as
screening tests and vulnerable to faulty bladder-emptying or
specimen collection. I have yet to encounter a chemical labo-
ratory of infinite resources; and if the wards and laboratory
are submerged by a flood of routine clearances, then accuracy
tends to suffer. My own preference is to use the serum crea-
tinine as a screen for a significant degree of renal excretory
impairment and to reserve clearance tests for patients with
definite renal disease, in whom collections can be closely
supervised, preferably by the patient himself. Creatinine is
preferable to urea, being less dependent on the intake of
protein, which may be unusually low in patients approaching
renal failure, either because of medical restriction or because
of the patient's own loss of appetite.

Homoeostatic Function

The kidney is the main effector organ in the complex of
neuroendocrine feed-back systems which conserves the water

and electrolyte composition of the body fluids. It is manifest
from this that it is meaningless to talk of assessing "the
homoeostatic functions of the kidney" in the relatively simple
terms we have been using of the excretory function;
homoeostatis must be atomized into the regulation of indi-
vidual constituents before it can be operationally assessed.
The constituent whose study is relevant has to be decided
from the general clinical situation. For example, the thirsty
patient raises the issue of excessive water loss, the oedematous
patient that of sodium retention, and the patient with Kuss-
maul breathing that of impaired hydrion excretion. In these
different situations tests of urine osmolality, of sodium
excretion, and of renal output of ammonium and titratable
acid would be appropriate.
When a defect of homoeostatic function becomes apparent,

either clinically or on testing, the question arises whether it is
a manifestation of general renal failure or a more specific
derangement which might be of critical importance in diag-
nosis-for example the amino-acid wasting or glycosuria of a
spec.fic tubular syndrome. The type of analysis required to
answer the question in depth is well exemplified, in respect of
renal acidosis, by Wrong and Davies (1959). It might be
thought that a simple answer could be obtained merely by
searching for evidence of renal excretory failure, but in adult
practice at least it is unusual to find the primary tubular
syndrome uncomplicated by some degree of nephron deletion.
Assessment of renal homoeostatic function can, of course,

be highly relevant to diseases which are not primarily renal.
The most obvious examples would perhaps be diabetes
insipidus and Addison's disease, where the normal endocrine
stimulus to appropriate renal activity is defective. In gout, and
in calculous disease, investigation of the renal handling of
urate, calcium, and hydrogen ion is relevant both to patho-
genesis and to management. Examples could be multiplied,
but perhaps those given suffice to show both the importance
of the regulatory aspects of renal function and the impossi-
bility of discussing them here in any detail.

[The conclusion, with a list of references, will be published next
week.]
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Summary: Though recovery of consciousness after drug
overdose may occur within a day or two, the drug

itself may not finally leave the brain for another one to
three weeks, and at this late time a withdrawal syndrome
can occur, with insomnia, restlessness, raised paradoxical
(R.E.M.) sleep, epileptic phenomena, and even delirium.
It is proposed that a high degree of drug-tolerance and
dependence can be rapidly acquired after overdose.
Abnormal sleep features of 10 patients resolved only

slowly over a period of up to two months after overdose.
The data support the view that R.E.M. sleep is concerned
with processes of brain repair.

Introduction
Self-administered overdose of drugs today constitutes one of
the most common reasons for hospital admission. Comatose
patients generally recover consciousness within a few days, but
in this paper we present evidence that full restitution often
takes weeks.

* Supported by a research grant from the Secretary of State for Scotland.
t Senior Lecturer, Department of Psychiatry, University of Edinburgh,

Edinburgh EHIO 5HF.

A study of electrophysiological and other features of drug-
induced coma (Haider, 1970) was coupled with follow-up in
which a number of patients mentioned poor sleep and night-
mares in the weeks immediately after the coma. Studies of
brain function during sleep after tricyclic drug overdose
(Lewis and Oswald, 1969) showed abnormalities which rose to
a peak after 10 days and took a month to subside, and so it
was decided to conduct similar studies after other overdoses in
patients receiving psychotherapeutic and social help without
physical treatment where those patients were known not to
have taken a mixture of different drugs.

Methods
Patients were drawn from those admitted in 1969 to the

Regional Poisoning Treatment Centre, Royal Infirmary of
Edinburgh, under the care of Dr. H. J. S. Matthew, and later
transferred to a psychiatric ward of the Royal Edinburgh
Hospital.
The patient prepared for sleep each night and had electrodes

attached above and below each outer canthus, to the scalp, and
over the submental muscles, making possible recording of
electroencephalogram (E.E.G.), eye movements, and muscle
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tension (E.M.G.) at a paper speed of 15 mm./sec. The patient
slept in a small ward, the E.E.G. machine being in an adjacent
room.

Records were scored page by page with the use of standard
criteria (Rechtschaffen and Kales, 1968). Among scores ob-
tained were: total time asleep, the number and duration of
awakenings, the number of shifts between the various stages of
sleep and the duration of each stage, including stage 1 sleep
(drowsiness), R.E.M. (paradoxical) sleep, and stages 3 and 4
(with largest slow E.E.G. waves). Previous studies had indi-
cated that the first two hours of sleep are especially informa-
tive, and we have included measures of spontaneous rest-
lessness in this period-namely, the total number of shifts from
any other stage of sleep to stage 1 (drowsiness) or to wakeful-
ness between first falling asleep (onset of first sleep spindles of
stage 2) and the accumulation of a total of two hours of sleep;
also the duration of R.E.M. sleep in this two-hour period.
The latter duration does not normally exceed 35 minutes in
young people, in whom also the delay between first sleep onset
and first R.E.M. sleep exceeds 45 minutes (Oswald, 1968). We
made recordings without high-frequency filters and noted the
eventual disappearance of any drug-induced E.E.G. fast
activity superimposed on the natural E.E.G. rhythms.

Results

Mandrax

Case 1.-A woman of 47 had taken one or two Mandrax
(methaqualone 250 mg. with diphenhydramine 25 mg.) tablets
nightly for three months and was admitted unresponsive after
taking about 40 tablets. She recovered consciousness after 105
hours. Two days later she developed a mild delirium, with visual
hallucinations and disorientation, which cleared at 11 days. Her
all-night sleep was recorded on the 5th post-overdose night, but
on this and the next three nights it was very broken, consisting on
nights 5, 6, and 7 only of periods of stage 1 (drowsiness) and of
R.E.M. sleep, each briefly appearing from wakefulness and often
for only a few seconds. On the 8th night she had 5 minutes of
stage 2 sleep, 53 minutes on the 9th, and 180 minutes on the 11th
night, when she slept for just over five hours. On the 14th night
she had 386 minutes of sleep and kept just over this duration
nightly thereafter. The broken nature of her sleep with gradual
recovery is shown in Fig. 1. The recovery course of R.E.M. sleep,
which in the early part of the night had not fully recovered to
normal by the time of discharge is shown in Fig. 2. A continuing
presence of drug in the brain was revealed by E.E.G. fast activity
in stage 1 and R.E.M. sleep, and this disappeared on the 16th day.
Stage 3 sleep was absent until the 16th night and stage 4 sleep
until the 31st night. Combined stages 3 + 4 sleep rose towards
normal in the last three weeks (Fig. 3).

Case 2.-A 69-year-old woman who took about 40 Mandrax
tablets and was then unconscious for two days had her sleep
recorded on the 6th night, when, in a total of only 194 minutes of
sleep, she had 34-5% R.E.M. sleep, and woke 18 times before
accumulating two hours of sleep. Chiefly of interest were three
one-minute spike-and-wave E.E.G. paroxysms of the type seen
in epileptic patients. She had no seizures, no past history of seiz-
ures, and had a normal waking E.E.G. on the 9th day and no
epileptic E.E.G. features throughout recordings on the 13th and
20th nights.

Methyprylone (Noludar)

Case 3.-A 36-year-old woman had taken two 200-mg. tab-
lets of methyprylone hypnotic nightly, but no alcohol, for several
months. She became unconscious for 28 hours after taking about
40 tablets and then did not sleep at all on either of the next two
nights (her E.E.G. was recorded throughout). She became de-
lirious, seeing snakes, gravestones, trees, and flowers in the ward,
hearing threatening voices, and becoming suspicious in her man-
ner. Her E.E.G. was not recorded on the next night, but the nurse
reported that the patient had remained awake all night. On the
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FIG. 1.- Case 1. Restless sleep in the weeks after Mandrax poisoning. The
number of spontaneous shifts from sleep to wakefulness or to stage 1

sleep before attaining a total of two hours of sleep is shown. Restl-
lessness declines towards normal in the month of study. On nights 5, 6,
and 10 she slept a total of only 12, 69, and 89 minutes and for these
nights the absolute number of shifts shown underestimate the degree of

restlessness.
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FIG. 2.-Case 1. Percentage of sleep spent as R.E.M. sleep following
Mandrax poisoning returns to normal a month after overdose, but the
excess of early night R.E.M. sleep, and its early onset, indicated by the
crosses along the top of the figure, show that full recovery of this brain
function has not occurred in the period during which study was possible.
In the study as a whole the percentage of R.E.M. sleep is based on total
sleep from first stage 2 E.E.G. sleep spindles. Since on nights 5, 6, 7,
and 8 R.E.M. sleep appeared in broken episodes without preceding stage
2 sleep, the percentages for those nights are based on sleep which was
mainly R.E.M. sleep with a little stage 1. The mean for young women is

from Williams et al. (1966).

next night she slept 316 minutes but, especially in the early night,
sleep was punctuated by repeated spontaneous arousals. This ab-
normality was greatest 11 nights after the overdose, with gradual
recovery during her two months in hospital (Fig. 4). Her delirium
cleared after the first night of sleep, and sleep duration increased
to 448 minutes by night 8, then remained roughly constant. The
percentage of R.E.M. sleep was raised above normal by the 6th
recovery night, reaching a maximum of 44-5% on the 19th night
and then declining to normal over several weeks, but as late as the
53rd night there was an abnormally large amount of R.E.M. sleep
(40 minutes) in the first two hours of sleep. Drug induced E.E.G.
fast activity and drug-accentuated E.E.G. sleep spindles in stage
2 sleep were lost on the 19th night.
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they recovered to normal levels in the subsequent three weeks.
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FIG. 6.-Case 4. R.E.M. sleep is initially suppressed by the nitrazepam
overdose. The curves rise to very high levels around the 10th post-
overdose day and decline thereafter. Drug-induced E.E.G. fast activity

persisted nine days.
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FIG. 4.-Case 3. Restless sleep in the weeks after methyprylon overdose
is extreme in the first three weeks and declines towards normal levels

over the course of the two months.
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FIG. 7.ase 5. Restlessness in the early night rises to high levels from
the 8th to 15th nights and declines gradually in the succeeding three

weeks.
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FIG. 5.-Case 4. Restless sleep following overdoses of nitrazepam. It is
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readmission study, and without further drugs, the number of shifts in
the first two hours of sleep on two successive nights was only 0 and 2
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FIG. 8.ase 5. Total nocturnal sleep duration was very high at first,
declined steadily to under three and a half hours in the 12th night (just
after E.E.G. fast activity indicated the drug had left the brain), and

recovered to six to seven hours by end of study.
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Nitrazepam (Mogadon)
Case 4.-A nurse aged 19 was admitted at 09.00 hours, having

taken about 40 tablets, or 200 mg. of nitrazepam at 00.30 hours.
She had taken 10 mg. nightly for some months. She remained
conscious all day and then slept 462 minutes on the first night.
She left hospital after six weeks. She was readmitted six weeks
later, having taken 25 tablets, or 125 mg., of nitrazepam, together
with 200 mg. of perphenazine. She again remained conscious. After
each admission, intrasleep restlessness rose to a maximum around
the 10th post-overdose night and declined slowly towards normal
throughout the following month (Fig. 5). R.E.M. sleep appears
from Fig. 6 to be suppressed by the drug, to reach a maximum
around the 10th post-overdose night, and to decline in the sub-
sequent weeks. Stages 3 + 4 sleep were never absent and rose
steadily from 8% on the first night of her first admission to
around 25-30% of sleep before discharge. Drug-induced E.E.G.
fast activity persisted till the 9th night after each overdose.
Case 5.-A 63-year-old housewife took half a tablet (2-5 mg.)

of nitrazepam nightly for several weeks and then about 40 tablets,
or 200 mg. She was admitted unconscious but responding to
painful stimuli, and regained consciousness on the second day.
Drug-induced E.E.G. fast activity disappeared on the 11th night.
Early-night restlessness increased to a peak on the 8th night and
declined in the subsequent month (Fig. 7). The percentage of sleep
spent as R.E.M. sleep rose from nil on the 3rd night to a peak of
42.4% on the 8th night, eventually stabilizing around 18% after a
further three weeks. Stages 3 + 4 sleep rose to 30% by the third
week. Her total sleep duration fell steadily on successive nights till
the 12th night, when she slept only 203 minutes, and then rose to
a more normal amount (Fig. 8).

10-

E

8
E

.5

a5,
0

0
c

_C

CL

co

80 tablets (8,000mg.) discharged

unconscious
I5̂for96 hours * 0

BRmI
MEDICAL JOURNAL 321

Phenobarbitone

Case 6.-A 25-year-old nurse who had not been taking any
drugs took 8,000 mg. of phenobarbitone. She regained conscious-
ness after 96 hours and in a week was fully ambulant. Blood levels
of phenobarbitone, however, fell only slowly (Fig. 9). Her intra-
sleep restlessness rose steadily (Fig. 10), as did her R.E.M. sleep
(Fig. 11), towards a maximum at 19 days, just before discharge at
her own insistence. Total nightly sleep duration also declined
gradually, from 509 to 387 minutes on the final night. Drug-
induced E.E.G. fast activity was present till the 16th night. Stages
3 + 4 sleep increased throughout the study.

Aspirin
Case 7.-A 20-year-old nurse took 150 tablets, or 50 g., of

aspirin. She was restless, sweating, fully conscious, and had a
blood salicylate level of 70 mg./100 ml. Gastric aspiration and
lavage and forced alkaline diuresis were followed by transfer to
psychiatric care. Sleep was recorded on the 4th post-overdose
night. Intra-sleep restlessness was low, rising from seven shifts in
the first two hours on the 4th night to 10 on the 6th and falling to
six on the 9th and 10th nights. There were some signs of rebound
increase of R.E.M. sleep with its early onset, after 42 and 39
minutes on the 6th and 7th night, but, as Fig. 12 shows, it was
unremarkable. Stages 3 + 4 sleep showed no trends or features of
note. Blood salicylate fell below 5 mg./100 ml. by the 6th day.
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FIG. 9.-Case 6. Blood phenobarbitone estimation actually showed a
higher level when she regained consciousness than had been present on
admission. Note that after 10 days, with the patient fully ambulant, very

high blood levels persist.
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FIG. 1 .-Case 6. Paradoxical sleep is suppressed by the drug, but a
rebound occurs and it appears that the curve would have had a maxi-

mum at around three weeks post-overdose.
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FIG. 1O.ase 6. Comparison with Fig. 9 shows that as the blood level
of phenobarbitone fell, so the intrasleep restlessness increased and would
presumabLy have reached a maximum around three weeks post-

overdose and fallen in the subsequent weeks.

FIG. 12.-Case 7. In contrast to hypnotics, massive overdose of acetyl-
salicylic acid has only slight effects, possibly suppressing paradoxical
sleep at first, with minimal signs of rebound on the 6th and 7th nights.
As the immediate premenstrual period can be associated with a small
increase in R.E.M. sleep the time of menstruation onset is indicated.

9 May 1970 Drug Overdose-Haider and Oswald

40-

o0 -3o
,0
&-c

a"

0.-20
6

_

-C

c

- ._

z v
cs.I

a

10 15 20

. . . . . . . . . . . . . . . . . . . .

1-1

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5705.318 on 9 M
ay 1970. D

ow
nloaded from

 

http://www.bmj.com/


322 9 May 1970 Drug Overdose-Haider and Oswald BRITISH

Other Barbiturates
Three patients who took overdoses of sodium amylobarbitone,

butobarbitone, and pentobarbitone were similarly studied for
shorter periods. There were similar findings of increasing rest-
lessness, increasing R.E.M. sleep, and decreasing sleep duration
till disappearance of drug-induced E.E.G. fast activity.

Discussion
A syndrome which may include restlessness, insomnia, de-

lirium, and convulsions occurs after withdrawal of many hyp-
notic drugs taken in excess for long periods. In this paper we
have reported each of the first three features, and also E.E.G.
epileptic-type abnormalities, in patients in whom, we would
suggest, a high degree of tolerance and dependence had been
acquired in the presence of massive concentrations of drug.
One patient (Case 6) had taken no previous drugs but after
four days had acquired such tolerance to continuing high
concentrations of phenobarbitone (Fig. 9) that she regained
consciousness.
The phenomena described cannot be deemed non-specific

responses to hospital admission. Restlessness at night, for ex-
ample, was not maximal in our patients at initial study but
maximal about the time the drug ceased to act. Case 6 became
more and more restless, slept less and less, and got more and
more paradoxical sleep as the three weeks to full excretion of
phenobarbitone proceeded. Cases 4 and 5 also well illustrate
the same phenomena, which in their cases reached a peak
about the 10th post-overdose day.
The relation between the duration of drug action and the

observed phenomena also means that they could not be inter-
preted as sequelae to the emotional crisis that led to the taking
of an overdose. In addition, the aspirin overdose (Case 7)
serves as a control. Aspirin is a drug which stimulates res-
piration but has only slight effects on mechanisms of con-
sciousness and it had only slight effects on the variables we
measured. Overdose of fenfluramine in two young women had
equally slight effects (Riley et al., 1969) adding further evi-
dence that neither the original psychological state nor the fact
of hospital admission could be held responsible. We believe
the important variables are the nature of the drug, the dura-
tion of exposure to it, and the dosage. It should be added that
many of the post-overdose effects are seen not only after
hypnotics but after overdose of such drugs as imipramine
(Lewis and Oswald, 1969), debrisoquine (I. Oswald and D.
Dunleavy, unpublished), phenelzine (Akindele et al., 1970),
and, by inference, amphetamine (Oswald and Thacore, 1963).
Similar phenomena have also been observed in the weeks
after experimental administration of drugs to normal volun-
teers-for example, nitrazepam and sodium amylobarbitone
(Oswald and Priest, 1965) and heroin (Lewis et al., 1970).
These volunteers had neither been driven to take overdoses
nor admitted for treatment.

Certain lessons may be drawn. When psychiatric assessment
is made in the day or two after recovery of consciousness a
patient may still be very much under the influence of an
anxiety-reducing drug. If it is decided that the patient
should go straight home, as do 80°/, at Edinburgh, it may be
several days later that withdrawal insomnia, nightmares (often
an accompaniment of raised R.E.M. sleep), confusion, or even
delirium become manifest. A desire to resume hypnotics con-
trary to medical wishes can be understood.
Withdrawal of a regular intake of hypnotic drugs can result

in abnormally increased R.E.M. sleep for several weeks as
well as restlessness, insomnia, and nightmares (Oswald and
Priest, 1965). The phenomena were extreme in the present
study and prior-to-overdose medication cannot be held
solely responsible-for example, Case 6. In the previous study,
as in this one, there was a close relation between delay to

drug elimination (indicated by persisting E.E.G. fast activity)
and the delay to peak R.E.M. sleep rebound after drug with-
drawal. This delay seems to be a guide to persisting drug
action on the brain (Oswald, 1969) and a better one than
blood levels, which can be no guide after tricyclic drug over-
dose (Lewis and Oswald, 1969).
Because of its safety nitrazepam (Matthew et al., 1969) is to

be preferred to its contemporary rivals, but it is not rapidly
eliminated, to judge by E.E.G. fast activity (Oswald and
Priest, 1965), and one must not expect normal motor co-
ordination, a customary degree of emotional stability, nor good
judgement, just because a patient has remained conscious after
overdose of nitrazepam. The slowness of phenobarbitone
elimination in Case 6 serves to underline the unsuitability of
phenobarbitone as an hypnotic.
An impressive feature of our results is the length of time,

up to six to eight weeks, seen in the various recovery-period
curves. It has been argued that such slow recoveries of brain
function are dependent on the slowness of neuronal protein
turnover (Oswald, 1969). After severe overdose the patient
may be unconscious two days, be ill for a few more, and
appear superficially normal after a week. One is reminded of a
kick on the shins, where temporary incapacity may be fol-
lowed by only a day or two of limping, yet the bruise takes a
couple of months to disappear. In the brain, repair after
chemical injury may likewise take many weeks.
Evidence accumulates that while sleep may be a general

restorative, the phase known as R.E.M. sleep, with its very
high brain blood flow, may be specifically concerned with
brain repair, whereas stages 3 and 4 (E.E.G. slow wave) sleep
are especially concerned with general bodily repair (Oswald,
1969). It is noteworthy that in Case 1 stage 4 sleep took a
month after overdose to reappear. On the other hand, at a
time when stages 3 and 4 sleep were absent R.E.M. sleep
seemed to have high priority and was increased above normal.
This could hardly be a non-specific result of sleep inter-
ruption, since the latter alone will decrease R.E.M. sleep. The
observations thus support the belief that R.E.M. sleep has a
restorative function for the brain.

We are indebted to Dr. M. Tinker; to Dr. H. J. S. Matthew and
other staff of the Regional Poisoning Treatment Centre; to Dr. S.
Brown, of the Department of Clinical Chemistry, Royal Infirmary of
Edinburgh; and to Dr. J. R. Smythies and other psychiatric col-
leagues. Roche Products Ltd. made a generous donation and the
Medical Research Council paid for some of the paper. Special
thanks are owed to the nursing staff of the North Wing, Royal
Edinburgh Hospital.

Requests for reprints should be addressed to Dr. I. Oswald.
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