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Summary: We have previously reported the results of a

retrospective study of the relationship between oral

contraceptives and deep vein thrombosis and pulmonary
embolism occurring in the absence of an evident
predisposing cause. The present paper describes a similar
investigation of the relationship between oral contracep-
tives and thromboembolism following certain surgical
procedures.
Of 30 patients with thromboembolism, 12 (400/,) had

been using oral contraceptives during the month preced-
ing surgery, while only 9 of 60 matched controls (15 0/,)
had been doing so. From these data it is estimated that
the risk of postoperative. thromboembolism is increased
threefold to fourfold by the use of contraceptive
steroids.

It is recognized that few of the episodes of deep vein
thrombosis and pulmonary embolism that occur post-
operatively are detectable clinically, and that not all of
these are recorded in discharge summaries or diagnostic
indexes. Despite these considerations, we have been un-

able to detect any important bias in the data which could
account for the observed association between oral con-

traceptives and the development of postoperative
thromboembolism.

Introduction

A causal relationship between the use of oral contraceptives
and deep vein thrombosis and pulmonary embolism occurring
in previously healthy women has now been established by
four controlled retrospective studies (Royal College of General
Practitioners, 1967; Inman and Vessey, 1968; Vessey and Doll,
1968, 1969; Sartwell et al., 1969). No such investigations have
yet- been reported, however, concerning the risks of oral con-

traception in women with conditions known to predispose to
thromboembolic disease, such as a recent surgical operation,
the collagen disorders, or rheumatic heart disease. We
describe here the results of a retrospective study, carried out
in the North-West Metropolitan and Oxford hospital regions,
of the relationship between the use of oral contraceptives
and venous thromboembolism following certain surgical
procedures.

Methods

North-West Metropolitan Region

Diagnostic indexes were searched at the 19 large general
hospitals that had particpated in our earlier investigations
(Vessey and Doll, 1968, 1969) to identify married women
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aged 16-40 years recorded .as having suffered venous throm-
bosis -or pulmonary embolism within one month of a surgical
operation (other than an obstetrical procedure) during 1964-7.
These patients were then divided into two groups: (a) those
who had undergone an operation which would have been
accepted as appropriate (in the absence of thromboembolism)
for control purposes in our earlier investigations, and (b)
those who had not. This categorization was made before the
case records were examined and in the absence of any
knowledge concerning the patients' methods of contraception.
The hospital notes relating to patients who had an accept-

able operation were then reviewed to identify subjects who
were not eligible for inclusion in the study according to the
criteria defined in our earlier work-that is, those who had a

relevant chronic disease, were pregnant or had been pregnant
within the three months preceding the operation, were post-
menopausal or sterilized, had suffered only superficial thrombo-
phlebitis, or could not be interviewed because they had
died during their stay in hospital. The remaining patients
were then interviewed in their homes, using our original
questionnaire, by the same medical social worker (Miss
Keena Jones) who had interviewed patients in our earlier

studies. As before, a few patients who could not be interviewed
answered our questions by post.

For each affected patient two controls were selected from
among the 168 included in our original investigations such
that matching was achieved for age (within five years), parity
(within groups 0, 1-2, or 3 or more deliveries), and year of
admission. Matching with respect to hospital was not

attempted.

Oxford Region

The procedure for identifying patients with postoperative
thromboembolism in the Oxford region was essentially the
same as that used in the North-West Metropolitan region,
save that the files of the Oxford Record Linkage Study
(Acheson, 1968) were used as the original source of informa-
tion. These files covered a population of about 340,000 in
1964-5 and were extended to cover a population of about
780,000 in 1966-7. The method of classifying and assessing
the case records was exactly as described for the North-West
Metropolitan region.
Two controls who had undergone similar surgical

procedures, but had not developed thromboembolism, were

selected to match each of the eligible patients with postopera-
tive deep vein thrombosis or pulmonary embolism. In addi-
tion to matching for age, parity, year of admission, and
absence of any of the attributes used to exclude affected
patients, the controls were also selected from hospitals in the
same area as the one to which the corresponding patient with
thromboembolism had been admitted.
The affected patients and their matched controls were

interviewed in their homes by Miss Keena Jones, save for a

small number who answered a postal questionnaire instead.
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Of the 129 patients identified as having suffered post-
operative thromboembolism 82 were in the North-West Metro-
politan region and 47 in the Oxford region (Table I). Of
these, 60 and 32 respectively had undergone a surgical
procedure which would not have been accepted as appropri-
ate for control purposes in our earlier investigations, as the
presence of the condition for which the operation was per-
formed might have influenced the woman's contraceptive
habits. Of the remaining 22 patients in the North-West Met-
ropolitan region one had died in hospital from massive
pulmonary embolism after excision of a haemangioendoth-
elioma, and one who developed deep vein thrombosis after a
skin biopsy was excluded from the study because she had
been in hospital for several weeks with sarcoidosis before this
occurred. The remaining 20 patients were interviewed (18) or
completed a postal questionnaire (2).

TABLE I.-Surgical Procedures Undergone by Patients Developing Post-
operative Venous Thrombosis or Pulmonary Embolism in North-West

Metropolitan and Oxford Regions

Operation Norh-West Oxfor
Metropolitan Region Regio

Operations not acceptable for control purposes
by Vessey and Doll (1968, 1969):

Gynaecological operations
Varicose vein operations ..
Gastrectomy, colectomy ..

49
5

2

rd
)n

26
3
2

Other operations . .4 1

Total | 60 32

Operations acceptable for control purposes by
Vessey and Doll (1968, 1969):
Appendicectomy . .4 7
Orthopaedic procedures 5 2
Operations for ureteric or renal calculi 3 3
lierniorrhaphy . .3 1
Cholecystectomy . .3 0
Excision of lipoma, ganglion, etc. 2 0
Other operations . .2 2

Total .. 22 1 5

Fifteen patients in the Oxford region developed thrombo-
embolism after an acceptable operation. Of these, two were
excluded from the study because they had suffered only
superficial thrombophlebitis (one after haemorrhoidectomy
and one after exploration of a stab wound), and one because
she had been sterilized (this patient had developed deep vein
thrombosis after nephrectomy for pyonephrosis complicating a
ureteric calculus). In addition one patient, who had developed
deep vein thrombosis after appendicectomy, died in hospital
from septicaemia. Of the remaining 11 patients nine were
interviewed, one completed a postal questionnaire, and one
could not be interviewed as she had gone abroad.
Twenty control patients were selected to match the 10

affected patients from whom information was successfully
obtained, and all were either interviewed (16) or answered our
questions by post (4).
In this way, data for 30 triads of patients, each consisting of

one patient with postoperative thromboembolism and two
matched controls, were obtained for analysis.

Results

Use of Oral Contraceptives
Table II shows the proportion of patients in the North-

West Metropolitan and Oxford regions who had been using
oral contraceptives during the month before admission to
hospital for surgery (or in the case of six control patients in
the North-West Metropolitan region for the treatment of an

TABLE II.-Patients with Postoperative Thromboembolism and MatchedControl Patients Classified by Use of Oral Contraceptives During Month
Before Admission to Hospital (Percentages shown in Parentheses)

Region Diagnostic
Group

North-West* Thromboembolism
Metropolitan. . Control

Oxfordt .. .. f Thromboembolism
Control

Both regions t .. Thromboembolism
Control

No. of Patients

Oral Contraceptives
I ~~~~TotalUsed Not Used

7 (35) 13 (65) 20
4 (10) 36 (90) 40

5 (50) 5(50) 10
5 (25) 15 (75) 20

12 (40) 18 (60) 30
9 (15) 51 (85) 60

Pike's test for matched controls (Pike and Morrow, 1970).*X-=4.1, n-i, 0 05P>0-01. tX2= 12, n=1, 0 30-P>0 20. tX2=6 6,
n=1, P=0-01.

acute medical disease). In both regions the proportion who
had been using oral contraceptives was higher among those
who suffered postoperative thromboembolism than among the
controls (North-West Metropolitan region 35% against 10°, ;
Oxford region 50% against 2500 ).* This difference was statis-
tically significant in the North-West Metropolitan region
(P<0.05) and in the two regions combined (P=0-01), but not
in the Oxford region alone. The difference in the overall
frequency of use of oral contraceptives between patients in
the two regions was found to be largely attributable to
differences in age, parity, and year of hospital admission; in
this context it will be recalled that the Oxford Record Linkage
Study covered a much larger population in 1966-7 than in
1964-5 (see methods).
A comparison was also made between the 30 patients with

postoperative thromboembolism and all 188 control subjects
included in the present and previous studies (Vessey and
Doll, 1968, 1969). Allowance was made for age, parity, and
year of admission to hospital, and the method of analysis
described by Mantel and Haenszel (1959) was used. A statis-
tically significant difference in the frequency of use of oral
contraceptives was found (x2=7 7, n=1, 0-01>P>0.001).
The data were too few for detailed analysis of the types of

oral contraceptive used or the duration of their use. It may
be noted, however, that of the 10 patients with thromboembo-
lism and seven controls who were able to provide the neces-
sary information, seven and two respectively had been using
oral contraceptives containing more than 50 ,ug. of oestrogen,
and that the mean duration of use of the preparations was 22
months for the patients with thromboembolism and 16
months for the controls. These results are consistent with earlier
findings that oral contraceptives containing higher doses of
oestrogen are more hazardous (Inman et al., 1970) and that
the risk is unrelated to the duration of their use (Vessey and
Doll, 1968, 1969; Sartwell et al., 1969).

Comparability of the Groups
Comparisons were made between the patients with thrombo-

embolism and their matched controls to see if any other
factor could be identified which might account for the
difference in their use of oral contraceptives. Age, parity,
marital status, and year of admission had been taken into
account during matching, and the groups were also found to
be comparable with respect to country of origin, religion,
social class, interval since the birth of the last child, and (in
those without a history of previous thromboembolism) the

*Of the two patients who died, and who are not therefore included in
Table II, one had definitely been using oral contraceptives and one had
almost certainly not. The patient who had gone abroad had probably
not been using the preparations.
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presence of varicose veins. Special attention was paid to three
other factors which had proved of special interest in our
earlier work-the frequency of previous thromboembolic
disease, the prevalence of cigarette smoking, and the distribu-
tion of obesity.
As in our previous studies, a higher proportion of the

affected patients (5 out of 30) than of the controls (3 out of
60) reported a previous episode of thromboembolism. Among
those with no such history, 10 out of 25 patients with thrombo-
embolism and 9 out of 57 controls had been using oral
contraceptives. There was little difference between the groups
in smoking habits, the mean number of cigarettes smoked per
day being four for the affected patients and five for the con-
trols. The patients with thromboembolism were 4 lb. (1-8 kg.)
heavier than the controls after adjustment had been made for
age and height by means of the standard tables provided by
Kemsley et al. (1962). This is consistent with the belief that
obesity is a factor in the development of thromboembolism,
but provides no explanation for the association between the
use of oral contraceptives and the development of the disease,
since obese women did not use oral contraceptives more
frequently than non-obese women either in this study or in
our earlier ones (Vessey and Doll, 1968, 1969).

Bias in Diagnosis and Recording
Recent work, in which the radioactive fibrinogen test and

venography were used, has shown that few of the episodes of
deep vein thrombosis that occur postoperatively are detect-
able clinically (Flanc et al., 1968; Lambie et al., 1970), and the
same is undoubtedly true of pulmonary embolism. Further-
more, only a proportion of the episodes diagnosed clinically
are recorded in discharge summaries or diagnostic indexes. In
this context it is of interest to note that no fewer than 17 of
the 30 affected patients in the present study were readmitted
to hospital for treatment of thromboembolism, having
previously been discharged after an apparently routine post-
operative course. This is not surprising, as episodes of
disease severe enough to require readmission to hospital
would be more likely to be recorded than those merely occur-
ring during the course of the normal postoperative stay.

It might be expected that recording of thromboembolism
would be more complete in the Oxford region, because of the
Oxford Record Linkage Study, than in the North-West Met-
ropolitan region, and this, in fact, appears to have been so. In
1964-7, data concerning hospital admissions during approxi-
mately 450,000 woman years of observation in the age range
16-40 years were accumulated by the Oxford Record Linkage
Study, while it may be estimated that a population three to
four times as great was served by the 19 hospitals studied in
the North-West Metropolitan region. It is shown in Table I,
however, that rather fewer than twice as many episodes of
postoperative thromboembolism were recorded in the latter
region as in the former.
Despite these considerations, our present findings would be

invalid only if thromboembolic disease were diagnosed more
readily, or recorded more often, when patients had been using
oral contraceptives than when they had not. That this could
have occurred is indicated by the results of a postal inquiry
which we made of 50 general surgeons working in the hospi-
tals included in the present investigation. Ninety per cent. of
them replied and nearly two-thirds stated that during the
period 1964-7 they "routinely inquired about the use of oral
contraceptives when a young woman under their care devel-
oped signs or symptoms suggestive of deep vein thrombosis or
pulmonary embolism after an operation." It should be noted,
however, that 17 of our 30 patients were readmitted to hospi-
tal with thromboembolism, having been previously discharged
when apparently well. The decision to send patients back into
hospital would usually have been made by the general practi-
tioner rather than by the surgeon.
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If diagnostic bias were the explanation for our results the
association between the use of oral contraceptives and thrombo-
embolism would, we believe, have been strongest in those
for whom the physical basis for the diagnosis was least cer-
tain. As in our earlier investigations, we tested the hypothesis
by asking a colleague (Dr. Patricia Fraser) to review abstracts
of the case histories from which all reference to contraceptive
practices had been omitted and to classify them according to
the reliability of the diagnosis. The two patients who had died
and the one who had gone abroad were included in this
assessment, the results of which are shown in Table III.

TABLE III.-Certainty of Diagnosis of Postoperative Thromboembolism
According to Use of Oral Contraceptives by Affected Patients

Certainty of
Diagnosis

Deep Vein
Deep Vein Pulmonary Thrombosis
Thrombosis Embolism and Total

Only Only Pulmonary
Embolism

Oral Contraceptives

Not Not Not Not
Used Used Used Used Used Used Used Used

Possible 1 5 0 3 _ _ 1 8
Probable 3 5 5 3 0 0 8 8
Certain 1 0 0 0 3 4 4 4

Total .. 5 10 5 6 3 4 13 20
- -- - - - - -- --

Among the 13 patients known to have been using oral contra-
ceptives the diagnosis was graded as "probable" or "certain"
in all but one, while among the 20 patients believed not to
have been using the preparations this degree of confidence
was placed in the diagnosis in only 12. The patients who were
using oral contraceptives were not investigated more
intensively than those who were not (Vessey, 1970), and these
findings suggest that the observed association is unlikely to
be due to a greater tendency to diagnose or record thrombo-
embolic disease in women using oral contraceptives.

Size of Risk
From the data given in Table II, the risk of postoperative

thromboembolism among women using oral contraceptives
was calculated to be three to four times greater among women
using oral contraceptives than among those not doing so
(12/18 divided by 9/51 = 3-8 to 1).
An estimate of the relative risk was also obtained by com-

paring the 30 patients with thromboembolism with all 188
controls included in the present and previous studies, the
method described by Mantel and Haenszel (1959) being used
with allowance for age, parity, and year of admission to hos-
pital. These computation,s provided an estimate identical to
that obtained from the simple comparison already described-
that is 3.8 to 1.

It is not possible to calculate the absolute risk attributable
to oral contraceptives because of the incomplete ascertain-
ment of episodes of postoperative thromboembolism, which
has already been discussed. It is shown in Table I, however,
that seven patients were recorded in the Oxford region as
having suffered thromboembolism following appendicectomy,
which is equivalent to an attack rate of about 12 per
1,000 patients undergoing the operation. If it is assumed that
the use of oral contraceptives in the Oxford region during
1964-7 followed the national pattern and that the estimate of
relative risk of 3.8 to 1 for users to non-users of oral contra-
ceptives is correct, then the present data suggest that
clinical thromboembolism following appendicectomy in the
Oxford region occurs in at least 30 per 1,000 who use oral
contraceptives and 8 per 1,000 not doing so.

18 July 1970
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Discussion

The present investigation suggests that the use of oral
contraceptives before a surgical operation increases the sub-
sequent risk of postoperative thromboembolism threefold to
fourfold. The magnitude of the relative risk is thus estimated
to be somewhat less than that previously found for thrombo-
embolism occurring in the absence of predisposing factors
(Vessey and Doll, 1968, 1969). It should be noted, however,
that the number of patients in the present study was
necessarily small and that the confidence limits of the estimate-
are wide.

This finding raises the question of whether or not patients
should be advised to discontinue oral contraceptives for a
while before undergoing elective surgical procedures. To find
out about the existing practices in this respect, we included
a special question in the postal inquiry that we made of the
50 general surgeons referred to previously. While only. 10%
of them stated that they advised young women to discontinue
oral contraceptives for an interval before undergoing elective
surgery during 1964-7, no fewer than half stated that this was
their practice now. As always, however, the risks of oral con-
traception have to be balanced against the risks of unwanted
pregnancy. These are not inconsiderable, and one surgeon
commented, "I started to advise discontinuing oral contracep-
tives, but two patients promptly became pregnant. I have
now reversed my decision. I fear the unwanted pregnancy
more than the pill."

If oral contraceptives are to be stopped before elective sur-
gery, for how long should they be stopped? The present
investigation, and those that we made earlier, suggest that the
increased risk of thromboembolism declines rapidly after dis-
continuation of medication, to become- undetectable after four
weeks. This finding is also in keeping with studies of the
effects of oral contraceptives on blood clotting, in which it

has been shown. that changes brought about by oral con-
traceptives return to -normal within a few weeks of stopping
(Dugdale and Masi, 1969).

We should like to express our thanks to Miss Keena Jones for
tracing and interviewing the patients and to Dr. Patricia Fraser for-
assessing the case histories.
The investigation would not have been itossible without the co-

operation of many consultants, general practitioners, and hospital
records officers and we are most grateful for their help.
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Relevance of Salt, Water, and Renin to Hypertension-
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Summary: Blood pressure control was examined in 75
patients with end-stage renal failure treated by regular

twice-weekly haemodialysis. Dietary sodium was restricted
and extracellular fluid was removed by ultrafiltration
until blood pressure was normal or signs of salt depletion
were observed. Failure of these measures constituted an
indication for nephrectomy. Of the 75 patients, 18 were
never hypertensive, 46 had hypertension which could be
corrected by salt and water depletion, and 11 had persis-
tent hypertension which could not be controlled in this
way. Nine of these 11 patients underwent bilateral
nephrectomy; in each of the seven in whom the post
operative result could be evaluated the blood pressure
returned rapidly to normal.
Plasma renin activity, measured in 34 subjects, was

raised above normal in six out of nine patients whose

*Senior Research Fellow, National Heart Foundation of Australia.
t Physician, Dialysis and Transplantation Unit.
t Renal Physician.
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Hospital, Sydney, N.S.W., 2000, Australia.-

blood pressure could not be controlled by salt and water
depletion and in one of the 11 patients whose blood pres-
sure could be so controlled, but was within the normal
range in all nine normotensive patients. The mean level
of plasma renin activity in the first group was signifi-
cantly higher than that-of each of the other two groups.
There was a significant correlation between hyperten-

sion during dialysis and after transplantation, suggesting
that, in addition to- renin, there is a non-renal factor
which predisposes certain patients to hypertension in the
presence of salt and water excess.

Introduction
While it has been claimed that hypertension in patients
with end-stage renal failure can always be controlled by
adequate ultrafiltration during dialysis coupled with re-
striction of dietary sodium (Blumberg et al., 1964; Comty et
al., 1964; McDonald, 1967) there are patients in whom blood
pressure cannot be controlled by sodium depletion qntil both
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