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Cryptogenic Cerebral Embolism in Women taking Oral
Contraceptives
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Summary

Fourteen women taking oral contraceptives were ad-
mitted during a five-year period because of acute
cerebrovascular lesions. A diagnosis of major cerebral
embeli;m was established in four of them. No source of
emblbs n was found, and thorough investigation failed
to reveal any predisposing illness. Cerebral embolism
was a probable diagnosis in several of the remaining 10
patients. A comparison was made with the strokes
occurring in women not taking contraceptive pills in
corresponding age groups.

Introduction

It seems to be commonly believed that apoplexy in women
taking contraceptive pills is due to thrombosis formed locally in

the cerebral arteries. In our patients, who were extensively
exaiined in the acute stage, we found that at least some of the
strokes appeared to be caused by major embolism. Relatively
large clots in these patients were evidently formed elsewhere in
the body. Similar strokes had occurred in some patients not
taking the pill. The effect of the pill (if there is an effect) may be
to increase the tendency to clot formation in a hitherto un-
detected vascular area.

Patients and Methods

Twenty-three women aged 20 to 44 (mean age 33 years) were
admitted to the department of neurology because of acute
cerebrovascular diseases during a five-year period (1968-72).

The hospital serves about half a million people in the central
Stockholm area. Fourteen of these patients had used oral
contraceptive drugs up to the date of their stroke. Carotid
angiography on the relevant side was performed in all these
patients. In the nine non-users angiography was performed in
all but two patients. Scintillation camera studies of isotope
(99m Tc-sodium pertechnetate) uptake were made on 11 of the
14 oral contraceptive users and on five of the remaining nine

women. Four patients (cases 1, 2,7, and 18) were emined at the
coagulation laboratory at Karolinska Sjukhuset one to three
months after their stroke. The extensive laboratory investiga-
tions made in the first nine patients, described in detail below,
included-unless otherwise stated-x-ray eination of the
skull, heart, and chest, E.C.G., haemoglobin, packed cell
volume, W.B.C., differential count, platelet count, sedimenta-
tion rate, blood glucose, serum transamnase, serum cholesterol,
Wassermann reaction, and studies of cerebrospinal fluid.

Oral Contraceptive Group

Case histories of nine of the 14 pill users are given below.

MAJOR CEREBRAL EMBOLISM

Case 1.-A 32-year-old woman, gravida 4, pra 3, had taken the

pill (norgestrel 0-5 mng, ethinyloestradici 005 mg) for two years.
She had been perfectly healthy previously. Suddenly during coitus
she became somnolent and could not move her right arm or leg.
Examination a few hours later showed a total aphasia, a right
central facial paresis, and a total right hemiplegia. Sensation was
decreased over the right half of the body. There was no rigidity
of the neck. Cerebrospinal fluid was normal. Blood pressure was
110 mm Hg. A left carotid arteriogram on the second day showed
a total occlusion of a large branch of the middle cerebral artery
0.5 cn from the bifurcation. The occlusion had the appearance
of an embolus with a proximally concave borderline (fig. 1). The
pericallosal artery and the internal cerebral vein were displaced
1-2 nm to the right. Scintillation camera study on the fourth day
showed a very large and intense accumulation laterally in the left
hemisphere involving the anterior parietal and most of the frontal
area. EE.G. showed a pronounced pathological activity of un-

specific nature over the left hemisphere, most noticeable in tie
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FIG. 1--Case 1. Carotid angiography one day after stroke of embolic type.
A. Straight intraorbital projection: abrupt, round-edged occlusion of the
middle cerebral artery (arrowed). B. Lateral view: arterial phase shows
absence of several large branches of the middle cerebral artery.

parietal and temporal areas. The sedimentation rate was 72 mm
in one hour eight day,s after admission, 26 two weeks later.
At discharge from the hospital the function of the leg was normal;
the paresis of the arm was still pronounced, as was the decreased
sensation. There was also a slight facial paresis and the speech
was not fully restored. Three months after her stroke an examina-
tion of her coagulation pattern showed normal levels of thrombo-
cytes, factor V, and fibrinogen, as well as antithrosn-in III and a2

macrogldbulin. Buglobulin lysis time was normal before stasis but
pathological after stasis. Tis investigation sugested a defect of

activa,tion of fibrinolysis due to a constitutional defect or a pro-
longed side effect of the pill.

Case 2.-A 30-year-old woman, gravida 1, para 1, had had
attacks of headache about once a month for many years. In the
past year she had taken a contraceptive pill (containing norgestrel)
0-5 mg and ethinyloestradiol 0.05 nm) daily up -to the onset of the

present disease. In the last month she d had headache every
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morning. On the day before admission a left hemiplegia suddenly
appeared while she was working. Examination showed a severe
left hemiplegia with complete paralysis of the left arm. She was
unable to move her eyes to the left. Sensation was reduced (all
nodalities) on the left side (with signs of "cortical inattention").
The visual fields could not be examined because of insufficient
co-operation. The cerebrospinal fluid was normal. The blood
pressure was 140/80 mmn Hg. A right carotid arteriogram about
20 hours after onset of the hemiplegia (fig. 2) showed a defect in
a large branch of the mniddle cerebral artery (leading to the arteries
of the posterior parietal and temporal regions: angular and
posterior temporal arteries) suggesting a short embolus partly
fikling the lumen. Contrast passed slowly through the poorly
visualized arteries distal to the defect. The peripheral cart of the
angular artery wras partly occluded by a short stenosis. The internal
cerebral vein was dislocated 3-4 nm to the left. The angiogram
was of nearly normal appearance when repeated three weeks after-
wards (fig. 3). The "enboil" had disappeared. The arterial branches
were of normal appearance but the con-trast circulation in the pos-
terior parietal and occipital areas was somewhat slow, and the signs
of expansion were reduced. A scintillation canera study made three
days after onset showed a pronounced and large accumulation in
the right parietal area and a somewhat more anterior (frontal)
round uptake laterally in the hemisphere. The severe paresis in
the left arm persisted during the first week. The clinical improve-
ment was thereafter raoid, and five weeks after the onset the
weakness had disappeared alnost entirely. There remained a
clumsiness and exaggeration of reflexes; sensation was alnost
normal. Most of the dluminess disappeared during the following
months.

Case 3.-A 23-year-old student, gravida 0, para 0, ihad suffered
from pyelonephritis in June 1971 and since then had taken a
sulpha preparation regularly. For two and a half years she had
taken the pill (norgestrel 0.5 mg, ethinyloestradiol 50 Ag). During
coitus she suddenly developed total aphasia and right-sided hemi-
plegia, most severe in the arm. On admission there was total
aphasia, total paresis of the right arm, and slight paresis of thhe
right leg. Cerebrospinal fluid was normal. The blood pressure
was 110/75 mm Hg. A left carotid angiogram on the same day
showed dislocation of the pericallosal artery and the internal
cerebral vein 1 nmi to the right. In the middle cerebral artery,
3 cm distal to the intracranial bifurcation, there wuas total oaclusion.
In the part of the artery filled with radio-opaque material there
were some irregularities in the wall contour. A collateral filling of
several middle cerebral branches occurred via the pericallosal
artery. Scintillation camera examination four days after onset
showed an uptake located to the lower part of the left central
sulcus. E.E.G. showed an appreciable pathological activity of un-
specific nature within parietal, oocipital, and temporal parts of the
left hemisphere. Two months after her stroke a complete coagula-
tion examnination failed to show anything abnormal. The patient
nmde a remarkable immrovement; when she left hospital three
weeks later all cerebral functions seemed to be restored.
Case 4.-A 35-year-old woman, gravida 3, pars 3, had been

suffering from occasional headache for nmny years, but especially
during the week before she fell ill. She had used oral contra-
ceptives for 10 months in 1966 (norethisterone acetate 3 mg,
ethinyloestradiol 0-05 mg), and again for three months before
admission in 1968. On the day of admission she was found by her
husband drowsy on the toilet. Sthe did not answer questions.
Examination a few hours later showed total aphasia, sligh,t facial
paresis on the right side, and slight paresis of the right arm.
Cerebrospinal fluid was normal. Blood pressure was 115/80 mmn Hg.
A left carotid arteriogram on the third day showed total occlusion

of the middle cerebral artery 2 cm from the 'bifurcation. Collateral
filling of middle cerebral arteries occurred via leptomeningeal
branches. E.E.G. showed a pathological activity of unspecific and
partly paroxysmal character in the frontal and temporal areas
bilaterally. Scintillation camera studies were not performed. When
tihe patient left hospital a month later there was still a pronounced
aphasia and a slight exaggeration of reflexes on the right side.
A follow-up examination four years later showed that shbe got tired
easily and then had difficulties of speech. She was, however,
working full time.

STROKES OF LESS DISTINCT TPE

Case 5.-A 44-year-old woman, gravida 3, para 2, had had moderate
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FIG. 2-Case 2. Carotid angiograms 20 hours after stroke of embolic type.
A. Straight intraorbital projection: a short filling defect (arrowed) (a prob-
able embolus) is seen in large branch of middle cerebral artery. B. Lateral
view 3-5 sec after contrast injection: several arteries in parieto-occipital and
temporal area are not filled distally. C. Lateral view after 6 sec: arterial
branches in this area are very slowly filled. D. Lateral view 1 sec later: fill-
ing has continued in small distal parietal branch of angular artery where a
short defect (arrowed) (probably a small embolic fragment) partially occludes
lumen.

hypertension for about 10 years. For five years she had been using
contraceptive pills, in the last year norethisterone 1 mng, mestranol
0-1 mg. One year before the present disease she experienced an
attack of vertigo and paresthesia in the left half of her body. It
disappeared after about two minutes. Suddenly, one day before
adnission, she could not feel the fingers of her left hand. She
developed a left facial paresis, which was still present when she
was admitted the next day. There was also a minor paresis of the
left hand and leg. Position sense in the fingers was impaired at
neurological examination carried out later. Blood pressure was
170/95 mm Hg. A carotid angiogram on the right side, carried
out after two weeks, showed signs of occlusion in the posterior
branches of the middle cerebral artery. These were filed via
collaterals from the pericallosal artery. E.E.G. showed a pro-
nounced pathological activity of unspecific nature in the right tem-
poral area. In addition, there was a pathological activity of un-

specific nature in the left temporal area. Scintillation camera studies
after five days showed no distinct pathological signs. A follow-up
examination one and a half years later showed a persistent de-
crease of position sense in the left hand.

Case 6.-This 44-year-old woman, gravida 3, para 3, had been
using oral contraceptives for a year and a half (ethynodiol diacetate
1 mg, mestranol 0.1 mg). During the year before the present
disease she had occasionally experienced an uncharacteristic head-
ache. In the last week it was localized to the neck and forehead
and more intense than before. One day before admission she
had diplopia. On the next day, When arriving at work, she sud-
denly developed a left hemiparesis. Examination showed a left
hemiparesis, more pronounoed in the leg than in the arm. Sensation
was preserved. During the next 24 hours the paresis progressed
to total paralysis both of arm and leg. General physical examina-
tion showed nothing abnormal; there was no rigidity of the neck,
and no cranial or cervical bruits. Blood pressure was 130/80 mm
Hg. The cerebrospinal fluid was nonral. A right carotid arterio-
gram made on the day of admission showed a severe local stenosis
of the frontal superior part of the pericaRlosal artery. Scintillation
camera studies after two weeks showed a strong accumulation in
the medial posterior part of the frontal area on the right side;
after four weeks the accumulation was less noticeable. Nine days
after admission she could use her hand almost normlly, but ihe
leg was still weak when she was discharged after four weeks.

sos
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FIG. 3-Case 2. Angiograms after three weeks; arterial phase shows

restored circulation.

Case 7.-A4-year-old woman, gravida 1 pama 1, had for many

years suffered from headache. It completely vanished when she

began using the pill about two and a -half years previously

(norgestrel 05 mg, ethinyloestradiol 0.05 mg). One week before

admnission she had lumbago and spent most of the time in bed

because of the pain. On the evening of admission her son found

her comatose in bed. General -physical examination showed nothing

abnormal; the blood pressure was 130/90mnm Hg. There

rigidity of the neck, no cranial or cervical bruit. She was confused

and showed a left hemniparesis affecting her face, arm, and leg,

ost severe in the arm. Cerebrospinal fluid was normal. Right

carotid arteriography performed after three days showed nothing

abnormal, and results of aortic arch angiography after three weeks

were normal. Scintillation camera studies, performed after four

and 10 days, were non-contributory because of insufficient co-

operation. A third study a month later showed nothing abnormal.

E.E.G. (six days after admission) showed a pronounced pat-ho-

logical activity of unspecific nature over large parts of both

hemnispheres and a noticeable focal pathological activity within

right temporal area. E.C.G. initially showed slight unspecific

changes. The results of a later examination, including E.C.G.

and phonocardiogram were normal. A complete coagulation

study wasper£formed three months after her stroke. Nothing ab-

BRITISH MEDICAL JOURNAL 1 DECEMBER 1973

normal was found. The patient improved, but when she was dis-
charged she still suffered from numbness in the left half of the body
and there was a loss of deep sensation in the left hand.

Case 8.-A 27-year-old woman, gravidia 2, para 2, had used oral
contraceptives (type unknown) for five years. Her blood pressure
was controlled about once a year. Nine months before admission
the systolic value was 130 mm Hg according to the patient. On
awakening on the morning of admission she was partly unable to
talk and she noted that her right arm and leg did not function
properly. Examination showed a right hemiparesis, more prominent
in the arm than in the leg; the plantar response was extensor on
the right, flexor on the left. There was also a right facial paresis of
central tyne and a slight aphasia. She denied headache. and there
was no diplopia or rigidity of the neck. Cerebrospinal fluid wasnormal. Blood pressure was 235/120 mm Hg. A left carotid
arteriogram on the same day did not produce any ,pathological
findings. A scintillation camera study next day showed no patho-
logical signs. E.E.G. showed a slirht pathological activity of un-
specific nature over both frontal and anterior temporal regions,
most oprominent over the left temDoral area. E.C.G. after three
days showed left ventrioular strain with ST-T changes in CR 5
and CR 7. These abnormal signs were less prominent after a
week, and when the natient was discharged a month later the
E.C.G. sihowed no distinct nathological signs. The blood pressure
was initially treated with reserpine given intramuscularly, and
later with peroral diuretics. Wlhen she was discharged after six
weeks there was no iaresis in the leg and no aphasia but a slight
facial and arm paresis remained.

Case 9.-This 21-year-old woman, gravida 0, para 0, had
previously been healthv. She had used oral contraceptives (nor-
gestrel 05 mg. ethinyloestradiol 0.05 mg) for three months when
she became ill. Since starting the medication she had suffered from
headache and mental instabilitv. One afternoon she suddenlv felt
dizzy; a moment later she lost consciousness and develooed an
epileptic fit of grand mal type. The convulsions continued and
had to be stooped by intravenous diazepam. At examination about
two hours later there was a right hemiparesis with facial paresis.
The paresis was total in the arm, less severe in the leg; the plantar
response was extensor on the right and flexor on the left. Sensation
was preserved. There was no riaidity of the neck. Cerebros,pinal
fluid was normal. Blood pressure was 130/70 mm Hg. A left carotid
arteriogram after two davs showed no pathological signs; neither
did the scintillation camera studv carried out a week later. E.E.G.
showed a oronounced unspecific pathological activity bilaterally
behind the central sulcus and a focal parholoeical activitv of
unstecific nature within the anterior left temporal area. Imp)rove-
ment occurred and at discharge a month later the patient could
walk without help, but there was still a noticeable paresis in the
leg as well as in the arm. A follow-up examination ayear later
showed apersistent slight right hemiparesis with exaggeration of
reflexes.

Discussion

Differentiation of cerebral embolism from other types of
cerebrovascular disease is often difficult. The first four cases,
however, belonged to the embolic category.
The clinical diagnosis of major cerebral embolism arrested in

the middle cerebral artery is as a rule based on the following
criteria (Marshall, 1968; Fisher et al., 1970; Russell, 1970).
(1) Sudden onset of hemiparesis. The maximum of paralysis is
reached within seconds or minutes. (2) The onset of hemiplegia
occurring in waking hours. (3) There has usually been no warning
signal.

According to these criteria our first four patients had a clear-
cut clinical picture of major cerebral embolism.
The presence of a cardiac source of emboli is sometimes used

as a fourth criterion. There are, however, certainly cases of
cerebral embolism showing no signs of extracranial vascular
disease. "Not infrequently at autopsy the diagnosis of cerebral
embolism is made with full justification without finding a
source" (Fisher et al., 1970).
The angiograms of these four patients were consistent with

the picture of major embolism (cf. Ring, 1969). In case 1 a
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typical contour of a round embolus was visible (as opposed to
the tapering caused by a local mural process). In case 2 there
were two short filling defects (and locally delayed circulation) of
the middle cerebral artery, suggesting two emboli or the
splitting of a previous larger embolus. The angiogram showed
normal appearances when repeated after three weeks. Cases
3 and 4 showed occlusion of the middle cerebral artery 3 and 2
cm, respectively, from its origin-this being a rather typical site
of arrest for emboli. Angiography should, as in these four cases,
preferably be performed in the course of the first 24 hours.
Emboli tend to split into smaller fragments, moving forward
into finer vessels. Typical angiograms may therefore be missed
if the investigation is postponed.

Scintillation camera studies were made in three of these four
patients. They showed an appreciable uptake on the third or
fourth day, lending support to the diagnosis. An early positive
finding favours the diagnosis of embolism. Emboli produce as a
rule haemorrhagic infarctions (Fisher and Adams, 1951;
Russell, 1970), and these often show an accumulation during the
first week (DeLand, 1971). The appearance of certain patterns
of accumulation may provide further confirmation. For example,
case 2 showed two areas of isotope accumulation consistent with
the clinical picture. Signs of multiple occlusions of this kind are
best explained by embolism.
While in our first four patients the picture is that of major

cerebral embolism, the diagnosis of our fifth patient is some-
what less clear. The onset of hemiplegia was sudden, suggesting
embolism. Angiographywas not performed until three weeks later,
then showing occlusion of branches of the middle cerebral artery.
The scintillation camera failed to show any distinct accumulation
two weeks after onset. In case 6 there was sudden onset but
progression of symptoms during the first 24 hours. Angio-
graphic narrowing of the anterior cerebral artery was seen, but
the origin of such narrowing is always questionable. In cases
7 and 8 the patients both fell ill during sleep, which makes the
nature of the onset more obscure. Case 9 differs from the rest of
the patients in this group in one respect-namely, that the
symptoms started with a major epileptic seizure. In case 10 the
patient had a sudden hemiplegia, and she had almost recovered
when referred to our department three days later. Her history is
highly suggestive of major embolism, but angiography made in
another hospital in the acute stage failed to show any lesion, and
a scintillation camera study was not performed. Case 11 was the
only patient of the oral contraceptive gr(,up without any focal
symptomatology. The angiography and scintillation camera
study showed, however, a definite frontal infarction. In case 13
the patient seemed to have shown a progress of her slight hemi-
paresis during the 10 days between the first symptoms and her
admission. Cases 12 and 14 will be discussed below.

PREDISPOSING FACTORS

No predisposing factors whatever were found in the first four
patients, who showed the most characteristic signs of embolism.
None of the other patients in the whole series including the
non-users (cases 15-23) had any history of serious predisposing
illness such as long-standing severe hypertension or organic
heart disease. The heart examination in case 14, however,
showed a patent ductus arteriosus with a minimal left-to-right
shunt. Two of the women taking the pill, cases 5 and 12, had
had moderate hypertension for some years before their stroke.
Case 8 had on admission a blood pressure of 230/140 mm Hg,
which became normal a few days later. In case 12, in addition
to the patient's hypertension, she showed E.C.G. signs of an
earlier myocarditis, and a malar butterfly erythema. She had
also had an episode of weakness of her right arm some years
before, and, in retrospect, she should certainly have been
advised not to take the pill.

It may be added that only one patient in the whole series,
case 20, had clear angiographic signs of atherosclerosis (no
narrowing indicating plaque formation was seen at the carotid
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bifurcation). Signs indicating deep vein thrombosis were not
found in any of the patients.

Strokes (sometimes of embolic type) may exceptionally occur
in any young woman in the absence of known predisposing
factors. Such cases are also found in our group of women not
taking the pill. Distinct predisposing conditions were found in
some of the others in this group. In case 23, for instance, the
woman was in her second month of pregnancy when suddenly
developing aphasia and a grand mal seizure. Stroke in connexion
with pregnancy and puerperium is not an uncommon event
(Jennett and Cross, 1967). The frequency of stroke in pregnancy
seems to be higher than in groups taking the pill.
A small asymptomatic defect of the ventricular septum may

permit a passage of clots from the vena cava system to cerebral
arteries. Such defects are rather rare and their role is difficult to
ascertain.

ROLE OF CEREBRAL EMBOLISM AS A CAUSE OF CEREBROVASCULAR
DISEASE IN USERS OF CONTRACEPTIVE PILLS

Salmon et al. (1968) tabulated the literature concerning strokes
in women taking the pill. Like most other authors they did not
discuss the role of embolism, but in the first of their own cases a
sudden ophthalmic artery occlusion, resolving within 24 (six?)
hours, was preceded by a 30-minute loss of vision ofthe same eye.
This seems to have been a characteristic microembolism of the
kind described by Russell (1970). The case of Musgrove and
Twohig (1968) was a 17-year-old girl with acute paleness and
pain in her leg, where angiography showed major emboli in two
branches of her femoral artery. This case seems unique in that
the nature of the embolism was definitely established by surgical
removal of an embolic clot. No source of embolism was found.

In an extensive retrospective study (Collaborative Group,
1973) few of the strokes were classified as "cerebral embolism."
Strokes occurring exclusively in patients during cardiac
catheterization or in those with rheumatic valvular disease,
endocarditis, or atrial fibrillation were, however, included in
this category. Lhermitte et al. (1970) found in an interesting
postmortem study that emboli originating from atheromatous
lesions in the internal carotid artery or myocardial infarctions
explained most of the strokes in older people. According to these
authors local atherosclerotic middle cerebral artery occlusion is
rare, and it must be particularly rare in young patients such as
ours. This makes the diagnosis of cerebral embolism relatively
probable in many patients of our whole series.
We have not intended to draw any conclusions concerning the

cause-and-effect relation between the use of oral contraceptives
and the various cerebrovascular syndromes in our series. The
difficulties are many. One is the discrepancy between the first
nine patients, who were all thoroughly investigated in respect
of laboratory data, and the remaining 14 in whom the diagnostic
level varies greatly.

Changes of the pattern of coagulation factors during treat-
ment with oral contraceptives are reported by several investi-
gators (Ygge et al., 1969; Fagerhol and Abildgaard, 1970;
Howie et al., 1970). These changes are discrete but they might
trigger the development of a thrombus. Irey et al. (1970) found
distinctive structural and histochemical changes of the intima
and media in arteries and veins of 20 women who died of
vascular lesions while on oral contraceptives.

Extensive studies under way in various countries may eventu-
ally disclose some common mechanisms underlying thrombo-
embolism in the lungs, brain, etc. The occurrence of major
cerebral embolism was in our cases perhaps best explained by
formation of large clots in slowly flowing blood. The pulmonary
veins may possibly constitute the vascular bed best suited for
formation of such clots having an avenue to the brain; the left
auricle is another possible site. The emboli may, however, also
have been originally formed on slight mural changes somewhere
in the precerebral arterial system.
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We are grateful to Professor B. P. Silfverskiold for advice and
heWul criticism, and to Dr. 0. Marions for the angiographic
studies.
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Comparison of Effect on Tobacco Consumption and
Carbon Monoxide Absorption of Changing to High and Low
Nicotine Cigarettes

M. A. H. RUSSELL, C. WILSON, U. A. PATEL. P. V. COLE, C. FEYERABEND

British Medical journal, 1973, 4, 512-516

Summary

In 10 sedentary workers, smoking as they felt inclined over
a five-hour period in the middle of a typical working day,
changing to low nicotine cigarettes (<03 mg) caused an in-
crease in the number and weight of cigarettes smoked, while
changing to high nicotine cigarettes (3-2 mg) caused a decrease
(P < 0-01). The average number and weight smoked in five
hours for usual, low, and high nicotine brands were respec-
tively 10 6 (6-00 g), 12-5 (6 52 g), and 6-7 (419 g). When smok-
ing the usual brand the average blood carboxyhaemoglobin
(COHb) increased 1-78% (from 6 38'%. to 8-16'%;). But on
changing to either high or low nicotine cigarettes the COHb
levels instead of increasing, tended to fall (P < 0-01). The
average fail of 034% while smoking low nicotine cigarettes
was due to the low carbon monoxide (CO) yield of these cig-
arettes, while the fall of 1-04% when smoking high nicotine
cigarettes was attributable to reduced consumption. The find-
ings support the view that smoking behaviour is modified to
regulate nicotine intake. Besides having low tar and CO
yields, the least harmful cigarettes for heavy smokers may be
those with a high, rather than low, nicotine yield.

Introduction

On 11 April 1973 the Government published for the first time
the tar and nicotine yields of 101 brands of cigarette sold in
the United Kingdom (D.H.S.S., 1973; "Public Health," 1973).
Behind the publication of this "league table" lies the assump-
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tion that it is less hazardous to smoke cigarettes with a low
yield of tar and nicotine (Royal College of Physicians, 1971;
Wynder, 1972). Recently we have shown that cigarettes also
vary in 'their carbon monoxide (CO) yield (Russell et al.,
1973 a). This suggests that any consideration of a cigarette's
degree of hazard is incomplete without information about its
CO yield, and that CO yield should be added to official publi-
cations of tar and nicotine yield.

Safer though it may be !to take in less nicotine, tar, and CO,
to what extent is this achieved by changing to a low nicotine
cigarette? The information available is scanty and conflicting.
It has, for instance, been clearly shown in two independent
studies (Ashton et al., 1970; Frith, 1971) that smokers uncon-
sciously modified their puff rate to regulate their nicotine in-
take. When smoking a high nicotine cigarette they puffed less
often and when smoking a low nicotine cigarette they in-
creased their puff rate and thus compensated for the low nico-
tine yield. A change to cigarettes of lower nicotine yield, how-
ever, does not seem to lead to increased consumption in terms
of the number smoked per day (Waingrow and Horn, 1968),
nor does reducing the nicotine yield by cutting cigaret'tes to
half length cause a compensatory increase in the number
smoked (Goldfarb and Jarvik, 1972). There is, however, some
evidence that as the nicotine content of the cigarette is in-
creased the number smoked declines (Goldfarb et al., 1970).
The main aim of this study was to attempt to resolve the

question of the role of nicotine yield as a determinant of the
amount of cigarettes smoked. If lowering the nicotine yield
does indeed give rise to a compensatory increase in inhalation
with consequent increased absorption of tar and CO, or if
raising the nicotine yield lowers *the amount smoked., the
assumption that low nicotine cigarettes are less hazardous
would need to be re-examined (Russell, 1972). It would then
become necessary to focus on the ratio of the nicotine yield
to the tar and CO yield and to consider the possibility that the
safer cigarette might be the one with a high nicotine yield but
low tar and CO yield.
We have also attempted to verify predictions arising out of

the findings of previous work (Russell et al., 1973 a) which
indicated that the smoking frequency would have to be ex-
tremely high for the COHb level to increase appreciably when
smoking cigarettes with a low CO yield. For example, smokers
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