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SUMMARY. An analysis of the clinical features of 24
patients with post-thrombotic obstruction of the

inferior vena cava demonstrated by phlebography showed
that the possible precipitating cause was usually trivial
and the onset was often associated with bed rest. The
classical physical signs of bilateral leg swelling and dilated
superficial abdominal wall collateral veins were often
absent. In this series bilateral leg swelling was present in
42% and dilated collateral veins were present in half of
the patients.
A history of recurrent varicose veins and venous ulcers

was common and must be taken as an indication for cav-
ography. The presence or absence of proteinuria is no
guide to the level of the caval obstruction. The value of
inferior vena cavography in making an accurate diagnosis
is emphasized.

Introduction

Post-thrombotic obstruction of the inferior vena cava has
been recognized since Schenck (1644) described two cases
diagnosed at necropsy. The first English reference is by
Matthew Baillie (1793), who recorded the case of a woman
dissected in Windmill Street by William Hunter in whom
there was chronic obstruction to the inferior vena cava with a
collateral circulation through the lumbar and azygos veins.
Other early reports include those of Wilson (1812), Peacock
(1845), Osler (1879), and Battle (1887).
The clinical features were established by Welch (1899), and

Pleasants (1911) published a classic review of 314 cases. His
series, however, included obstruction due to causes other than
thrombosis, and the diagnosis was made either clinically or by
post-mortem examination.

In 1935 dos Santos introduced x-ray inferior vena cavo-
graphy, and for the first time it was possible to obtain during
life an accurate diagnosis and an anatomically precise location
of the obstruction. Since then sporadic reports have appeared
describing cases diagnosed by cavography (Foster, Brouwer,
and Kurtz, 1941; Randlett, Jones, and Gardner, 1954; Baird
and Buchanan, 1962; Stein and Blumsohn, 1962; Berlin,
Waldman, and Fong, 1965; Kumar and Gupta, 1966; Lal,
Bahl, and Dhawad, 1967), but these have been either single
case histories or very small series.

Fletcher and Lea Thomas (1968) reported the radiographic
appearances of 11 cases of chronic post-thrombotic obstruc-
tion but made only brief mention of the clinical history. In
this paper we describe in detail the clinical features of 24
patients with post-thrombotic obstruction of the inferior
vena cava, including the 11 referred to in 1968.

Methods of Investigation
Inferior vena cavography was performed by simultaneous

bilateral femoral vein injections of contrast medium, but
where this was impossible owing to obstruction to the femoral
veins or obesity bilateral pertrochanteric intraosseous injec-
tions were used. In two patients the upper end of the ob-
struction was shown by injecting contrast medium into a

*Lecturer in Surgery, St. Thomas's Hospital Medical School, London
S.E.1.

t Consultant Radiologist, St. Thomas's Hospital, London S.E.1.

catheter passed from the arm into the inferior vena cava
through the right atrium. The techniques employed have been
described in detail elsewhere (Lea Thomas and Fletcher, 1967;
Fletcher and Lea Thomas, 1968; Lea Thomas, 1969).

Clinical Features

Thirteen men and 11 women were shown by cavography to
have inferior vena caval obstruction, which was total in 17 and
partial in 7.
The age of onset of symptoms and signs ranged from 17 to

48 (average 28) years and the ages at the time of presentation
ranged from 20 to 52 (average 36) years. The length of history
varied between one week and 25 years. The average length of
history in patients with partial caval obstruction was 15 years,
whereas in total obstruction it was only five years. In every
other way, however, the clinical features in the two groups
were similar.

TABLE I.-Clinical History in 24 Patients with InferiorVena Caval Obstruction

Leg Varicose Venous "Venous Deep Vein
Swelling Veins Ulcers Claudica- Throm-

tion" bosis

Bilateral 15 12 8 3 10
Right 2 0 2 0 2
Left 5 2 3 2 5

Total 22(91 'o) 14(58°%o) 13(54°o) 5(200°) 17(71'0)

The clinical history is summarized in Table I. Fifteen
patients (62(,) had swelling of both legs and seven swelling
of one leg at some time during the history. The swelling in
several cases was present only at the onset of symptoms and
signs, and in 17 patients (71%) was diagnosed as deep vein
thrombosis in the legs. Two patients had no history of
peripheral oedema at all and there were no cases of swelling
of the trunk or genitalia.

Fourteen patients (58%) had a history of varicose veins and
13 (54%) a history of venous ulcers. Five had a sensation of
bursting pain in the calf after exercise, a symptom called "ve-
nous claudication" by Cockett and Lea Thomas (1965). Only
three had a history of pulmonary embolism.

TABLE II.-Physical Signs in 24 Patients with Inferior Vena Caval Obstruction

Leg Swelling Varicose Veins Venous Ulcers

Bilateral . 10 I1 4
Right 2 0 2
Left 4 1 4

Total 16(67%) 12(50 '0) 10(42 %)

12 patients (50%) had dilated anterior abdominal wall collateral veins.

The physical signs at the time of presentation are shown in
Table II. Only 10 patients (42%) had bilateral leg swelling,
though another six had unilateral oedema. Operations had
been performed on varicose veins and ulcers in several
patients before they were presented to us and before the true
diagnosis was known. This accounts for only 12 patients
having varicose veins and 10 having venous ulcers at the time
of examination. In seven of these patients the varicose veins
and ulcers were recurrent after surgical operation. Dilated
superficial anterior abdominal wall collateral veins were
present in 12 patients (50%), one of whom also had lateral
chest wall collaterals (Fig. 1).
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Proteinuria was present in six patients, in five of whom the
obstruction was shown by cavography to be above the level of
the renal veins. In another seven patients the thrombosis ex-
tended above the renal veins but there was no proteinuria
(Table III).
Table IV lists the possible precipitating causes of the caval

thrombosis, many of which are of trivial nature.

FIG. 1
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Only eight patients were diagnosed correctly before cavo-

graphy. This is sho.wn in Table V, which also summarizes the
clinical features and radiographic appearances in each patient.

FIG. 3

FIG. 1.-Case 7. (A) Pertrochanteric intraosseous cavogram showing the right lateral thoracic vein (-+) entering the right axillary vein (; ). Right thoraco-
epigastric vein ( -); right superficial epigastric vein ( / ); right superficial circumflex iliac vein ( \ ). (B) Infrared photograph showing the superficial veins of
the right anterior abdominal wall and the right lateral chest wall. Right thoraco-epigastric vein (-). FIG. 3.-Case 17. Bilateral perfemoral cavogram show-
ing total occlusion of the inferior vena cava and recanalization changes in the left common and external iliac veins. The main collaterals are the azygos vein
(-+), ascending lumbar vein (e-), and ovarian vein ( \ ). The deep circumflex iliac vein ( / ) also functions as a collateral. None of these collaterals is clinically
demonstrable.

TABLE III.-Extent of Obstruction shown by Cavography and Presence or

Absence of Proteinuria 24 Patients)

Extent of No. of Proteinuria
Obstruction Patients Present

Proteinuria
Absent

Above renal veins 12 5 7
Below renal veins 12 1 11

Total . . 24 6 18

TABLE. IV.-Possible Precipitating Cause of Caval Thrombosis (24 Patients)

Pregnancy
Medical illness and bed rest

Surgical operation and bed rest
Bed rest and minor injury
Excessive exercise
Behoet's syndrome

No apparent precipitating cause ...

No. of Patients
7
5
4
4

1
1

22

2

FIG. 2.-Case 2. Bilateral pertrochanteric intraosseous cavogram. There is
total occlusion of the inferior vena cava, the iliac veins, and the upper parts
of both femoral veins. Note superficial abdominal wall collaterals, superficial
circumflex iliac veins (-*), superficial epigastric veins (e-). These collaterals

were seen on clinical examination.

Discussion

There are many causes of inferior vena caval obstruction.
Missal, Robinson, and Tatum (1965) classified 11 main causes
with numerous subdivisions, but thrombosis is the most com-
mon (Pleasants, 1911) and our patients are all of this group.
The precipitating cause of the thrombosis may be obscure.
Excessive exercise has been recorded (Shattock, 1913; Foster et
al., 1941) and one of our patients gaOe a similar history (Case
1). Case 7 had Behqet's syndrome, which is known to cause an

3 January 1970 Vena Caval Obstruction-Jackson and Lea Thomas
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TABLE V.-Clinical and Radiological Summary

Physical Signs at Time of Diagnosis
Age Age

Case and at Leg Varicose Venous Ant. abd. Clinical Possible precipitating Protein-
No. Sex Clinical History Onset Swelling Veins Ulcers wall collats. Diagnosis Cause uria Radiological Findings

1 24 Swollen L. leg and thigh 22 Left Bilat. Left + I.V.C. Excessive exercise while Trace I.V.C. occlusion below
M for 2 years. Bilat. V.V.s obstruction playing cricket. renal veins

and L. venous ulcer for L. D.V.T.
1 year

2 51 Bilat. V.V.s and R. venous 44 None Bilat. Right Bilat. iliac Bilat. D.V.T. after Nil I.V.C. occlusion extend-
F ulcer for 7 years. Bilat. vein and hysterectomy ing above renal veins.

swelling of legs with possibly Bilat. occlusion iliac
D.V.T. after hysterectomy I.V.C. veins and upper

obstruction femoral veins (Fig. 2)

3 25 Swelling, V.V.s, and 18 Left Left None + L. comm. 16 weeks' bed rest for Nil I.V.C. occlusion extend-
M venous ulcer L. leg all (Left iliac vein glandular fever. ing above renal veins

for 7 years healed) obstruction L. D.V.T.

4 30 Bilat. swelling legs and 17 Bilat. Bilat. None + Bilat. iliac Appendix abscess + I.V.C. occlusion extend-
M bilat. varicose veins for (recur- (Right vein treated conservatively ing above renal veins

13 years. Venous rent) healed) obstruction! with bed rest; bilat.
claudication in R. leg for D.V.T.
13 years V.V. operation

5 31 Bilat. venous 30 Bilat. None None I.V.C. Influenza treated with + I.V.C. occlusion extend-
M claudication and swelling obstruction 1 week's bed rest ing above renal veins.

of legs for 3 months. Low Bilat. comm. iliac vein
back pain 1 month before occlusion. Occlusion
onset of swelling L. ext. iliac vein.

Recanalized R. ext.
iliac vein

6 37 Bilat. swelling of legs for 36 Right None None Bilat. iliac Minor injuries in road Nil I.V.C. occlusion below
M 1 year. D.V.T. in leg vein traffic accident renal veins. Bilat.

veins 3 times in 2 years. thrombosis comm. iliac vein
Pulmonary embolism occlusion. L. ext. iliac
with third D.V.T. occlusion

7 49 Bilat. swollen legs for 48 Bilat. None I None I.V.C. Behset's syndrome for Nil I.V.C. occlusion below
M 1 year. Known to have obstruction 2 years renal veins. Bilat.

Behcet's syndrome occlusion comm. and ext.
iliac veins (Fig. 1)

8 28 Swollen L. leg for 6 22 Left None Left L. iliac Pregnancy followed by Nil Occlusion of whole
F years. L. V.V.s and (recurrent), vein L. D.V.T. I.V.C. Recanalized

venous claudication for ( obstruction iliac veins
3 vears. 2 operations for o
V.V.s

9 28 Bilat. swelling of legs for 28 Bilat. None None + I.V.C. 3 weeks' bed rest and Nil I.V.C. occlusion below
M 1 week obstruction traction for prolapsed renal veins. Occlusion

intervertebral disc of iliac veins

10 23 Intermittent swelling of 20 Left None None L. ilio- Minor injury to L. leg + I.V.C. occlusion above
M L. leg for 3 years femoral playing hockey. renal veins. R. comm.

vein L. D.V.T. iliac occlusion.
I I obstruction Recanalized L. iliac

vein

11 46 Swelling of R. leg for 46 Right None None R. D.V.T. 6 weeks' bed rest for Nil I.V.C. occlusion below
F 6 weeks. Probable P.U.O. following renal veins. Recanalized

i pulmonary embolus myomectomy. R. D.V.T. iliac veins

12 45 Bilat. swelling of legs for 44 Bilat. Bilat. None I.V.C. Bed rest for P.U.O. Nil I.V.C. occlusion below
M 1 year. Bilat. V.V.s for (recur- obstruction following vein stripping renal veins. Recanalized

12 years. Two operations rent) operation iliac veins
for V.V.s

13 36 Bilat. leg swelling at time 29 None None Bilat. I.V.C. Pregnancy followed by Nil I.V.C. occlusion extend-
F of D.V.T. only. obstruction bilat. D.V.T. ing above renal veins.

Pulmonary embolus. Recanalized iliac veins
Venous ulcers for 5 years

14 35 Bilat. swelling of legs; 28 Bilat. Bilat. None 4 Possible Pyelonephritis treated Trace I.V.C. obstruction
M bilat. V.V.s and ulcers (Bilat. iliac vein by 1 week's bed rest extending above renal

for 7 years healed) obstruction veins. Recanalized iliac
veins

15 24 Bilat. V.V.s and ulcers for 17 None Bilat. Bilat. Possible Minor injury to legs Nil I.V.C. occlusion extend-
M 7 years. Two operations (recur- (recurrent) iliac vein in mining accident ing above renal veins.

for V.V.s and ulcers rent) obstruction Recanalized iliac veins

16 52 Bilat. swelling of legs at 32 None Bilat. Left Bilat. Pregnancy followed Trace I.V.C. occlusion extend-
F time of D.V.T. Bilat. (Right V.V.s by bilat. D.V.T. ing above renal veins

V.V.s and ulcers for healed)
20 years since D.V.T.

17 40 L. ankle swelling and L. 38 None None None L. comm. L. D.V.T. following Nil Occlusion of whole
F venous claudication for iliac vein hysterotomy and bilat. I.V.C. Recanalization of

2 years occlusion salpingectomy L. iliac veins
(Fig. 3)

18 35 Bilat. V.V.s and ulcers 17 None None Right Iliac vein Three pregnancies each Nil Partial obstruction of
F for 10 years. 2 operations (Left obstruction followed by bilat. I.V.C. below renal

for V.V.s. Leaswelling healed) D.V.T. veins. Recanalized
at time of D.V.T. only (recurrent) R. iliac veins

19 52 Bilat. V.V.s and ulcers for 29 None Bilat. Left Possible Pregnancy followed by Nil Partial obstruction of
F 15 years. 5 operations for (recur- (recurrent) iliac vein bilat. D.V.T. I.V.C. below renal

V.V.s. Leg swelling at rent) obstruction veins. Recanalized
time of D.V.T. only Iiliac veins

20 32 Swelling R. leg and bilat. 22 Bilat. Bilat. None Possible None Nil Partial obstruction of
M V.V.s for 10 years. iliac vein I.V.C. extending above

Buerger's disease for obstruction renal veins. Recanalized
10 years iliac veins

21 51 Bilat. leg swelling, V.V.s 26 Bilat. Bilat. Bilat. Bilat. Pregnancy followed by Nil Partial obstruction of
F and ulcers for 25 vears. (recur- (recurrent) iliac vein bilat. D.V.T. I.V.C. below renal

5 operations for V.V.s rent) obstruction veins. Recanalized
iliac veins

D.V.T. =Deep vein thrombosis. I.V.C. = Inferior vena caval. V.V. =Varicose veins.
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Age
at

Clinical History Onset

Bilat. swelling of legs and 21
venous ulcers for 17 years.
Intermittent attacks of
superficial
thrombophlebitis both legs

Bilat. swelling of legs for 17
3 years. Intermittent
attacks of superficial
thrombophlebitis both
legs for 3 years

Bilat. V.V.s for 13 years

Physical Signs at

Leg Varicose
Swelling Veins
Bi_at. Ne I

Bilat. |None

Bilat. None

33 None Bilat.

TABLE V. -Continued

Time of Diagnosis

Venous Ant. abd. Clinical Possible precipitating
Ulcers wall collats. Diagnosis Cause

Bilat. I.V.C. None
obstruction

None + I.V.C. Bilat. D.V.T. following
obstruction 1 week's bed rest after

minor injury (tractor
accident)

None Pelvic Pregnancy followed by
vein bilat. D.V.T.
obstruction

Protein-
uria Radiological Findings

Nil Partial obstruction of
I.V.C. below renal
veins. Recanalized
iliac veins

Nil Partial obstruction of
I.V.C. below renal
veins. Recanalized
iliac veins

Nil Partial obstruction of
I.V.C. below renal
veins. Recanalized
iliac veins

D.V.T. = Deep vein thrombosis. I.V.C. = Inferior vena caval. V.V. = Varicose veins.

increased liability to thrombotic episodes (Cunliffe and
Menon, 1969). Hypercoagulable blood states (Gerber and
Mendlowitz, 1949; Boone and Smithy, 1949), acute gastroen-

teritis (Feriozi, Rice, Burdick, and Troendle, 1951), and sys-

tematic neoplasms (Myhre and Ylvisaker, 1954) are all well-
recognized causes, but none of our patients was of these
groups.

It has been suggested that compression of the left common
iliac vein by the right common iliac artery might be an

aetiological factor in the development of iliofemoral thrombosis
and account for ihe predominant left-sided incidence of this
condition (May and Thurner, 1957; Goldstein, Van Hoorn,
and van der Stricht, 1964; Cockett and Lea Thomas, 1965;
Cockett, Lea Thomas, and Negus, 1967; Negus, Fletcher,
Cockett, and Lea Thomas, 1968; Lea Thomas, Andress, and
Fletcher, 1968). When the right common iliac artery -rises

from a high bifurcation of the aorta it overlies the lower in-
ferior vena cava and may possibly be associated with a

secondary thrombosis within the cava (Cockett, 1967; Lea
Thomas et al., 1968). Case 12 falls into this group, as aorto-

graphy was performed as well as cavography, and showed a

high centrally placed aortic bifurcation. Four patients (Cases
4, 6, 18, and 19) were found at operation to have the right
common iliac artery crossing the inferior vena cava. The
young age of many of our patients at the onset of symptoms
(average 28 years) may also support the suggestion of a con-

genital factor in these cases.

A striking feature was that the possible precipitating
cause of the thrombosis was usually trivial. In seven patients
(Cases 8, 13, 16, 18, 19, 21, and 24) symptoms and signs started
with deep vein thrombosis of pregnancy. In Cases 3, 4, 5, 9
and 14 the thrombosis occurred while the patients were re-

covering from a medical illness, and in Cases 2, 11, and 17 the
onset was during prolonged bed rest following operative Eur-

gery. Case 12 had a period of bed rest following operation some
years before the onset of symptoms and signs. The onset of
symptoms in two patients (Cases 15 and 23) was during a

period of bed rest following minor injury. Two further
patients (Cases 6 and 10) gave histories of minor injury some

months before the development of physical signs. In all, 10
patients (42 0/,) had episodes of bed rest associated with the
onset of caval obstruction and another three had similar epi-
sodes shortly before the development of symptoms and signs.

Seventeen patients (71 ', ) were diagnosed as having either
bilateral or unilateral deep vein thrombosis in the legs at the
onset. This might be due to thrombosis extending into the
iliofemoral veins from the cava; alternatively, the caval oc-

clusion might have developed subsequently owing to ascend-
ing thrombosis from a primary source in the iliofemoral
region.
The most common physical signs of a chronic inferior vena

caval obstruction are said to be bilateral swelling of the legs
and dilated superficial abdominal wall collateral veins in

which the direction of blood flow is towards the head (Pleas-
ants, 1911; Missal et al., 1965). Our findings are at variance
with this classical account, for only 10 patients (420/,,) had bi-
lateral leg swelling at the time of diagnosis, though another six
had unilateral leg swelling; 12 patients (50%/O) had visible su-

perficial abdominal wall collaterals. It is known that bilateral
leg swellin,g and superficial collateral veins are not necessarily
present (Keen, 1940), but it is not generally realized how in-
constant these physical signs are. The collateral circulation
that develops in inferior vena caval obstruction has been well
documented (Robinson, 1949; Filler and Edwards, 1962;
Fletcher and Lea Thomas, 1968), and it has been shown that
superficial collaterals develop only if the thrombotic process
extends into the external iliac and upper femoral veins (Fig.
2). If the thrombus is confined to the cava and common iliac
veins the collateral pathways are on the posterior abdominal
wall and cannot be clinically assessed, though they will be
shown by cavography (Fig. 3). The presence or absence of uni-
lateral or bilateral leg swelling depends on the extent and
efficacy of these collateral veins.

In this series varicose veins and ulcers were as common as

leg swelling and visible collaterals, and were the presenting
complaint in 14 patients. These patients gave a history of
long-standing venous disorders of the legs, and half of them
had a history of repeated operations for varicose veins and
ulcers before a correct diagnosis of the underlying caval ob-
struction was made. In only one of these patients (Case 12)
was the caval lesion suspected before cavography. Frequent
recurrence of varicose veins and ulcers despite repeated opera-
tions should raise the possibility of caval obstruction and
is an indication for cavography.
Caval thrombosis extending above the level of the renal

veins is said almost always to cause proteinuria (Pleas-
ants, 1911; Weber, Rast, and Wendt, 1938; Berlin et al., 1965;
Missal et al., 1965) and may often cause the nephrotic syn-
drome by secondary thrombosis of the renal veins (Derow,
Schlesinger, and Savitz, 1939; Harrison, Milne, and Steiner,
1956; Pollak, Kark, Pirani, Shafter, and Muehrcke, 1956;
Baird and Buchanan, 1962). We have found proteinuria in
only five out of 12 patients with obstruction extending above
the renal veins, and in two of these cases it was present only
as a trace. The reason for this is that the renal veins may have
a number of tributaries draining freely into the collateral cir-
culation, so that the venous drainage of the kidney is not
obstructed. Proteinuria therefore cannot be relied on as a

sign of high vena caval obstruction.
Unlike Missal et al. (1965) we found no correlation between

the level of the obstruction and the preceding clinical history
and physical signs. Only one of our patients with obstruction
extending above the level of the renal veins (Case 5) gave a

history of low back pain and none had gastrointestinal upset
or oedema of the trunk or external genitalia. In one patient

Age
Case and
No. Sex

22 38
F

23 20
M

24 46
F

1.. 1..!
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(Case 4) the obstruction was found at operation to extend
along the entire length of the inferior vena cavi as far as the
right atrium, but the history and physical signs in this patient
in no way differed from those in patients with low occlusions.
Another patient (Case 8) was shown by cavography to have
total caval occlusion extending to the right atrium but gave an
unremarkable history.
The "textbook" symptoms and physical signs are often not

present in patients with inferior vena caval obstruction and as
a result many cases remain undiagnosed. Only 33% of our
patients were diagnosed correctly before phlebography and all
had visible dilated superficial abdominal wall collaterals to aid
in diagnosis. There is little doubt that if cavography were
performed more often in the investigation of the obscure case
of unilateral or bilateral leg swelling and in cases of recurrent
varicose veins and ulcers, many more cases of chronic caval
obstruction would be diagnosed. It is a safe procedure
(Farifias, 1947; Lea Thomas and Fletcher, 1967; Fletcher and
Lea Thomas, 1968) and in this series no complications were
encountered in its use.

We wish to thank Mr. F. B. Cockett, Dr. B. Creamer, Dr. J. B.
Harman, and Professor J. B. Kinmonth, of St. Thomas's Hospital,
and Mr. L. R. Leaske, of Kingston Hospital, for access to the
clinical records of patients under their care. We would also like
to thank Mr. T. W. Brandon, of the photographic department, St.
Thomas's Hospital, for reproducing the illustrations.

Fig. 1 is reproduced by permission of the Editor of the
American Yournal of Roentgenology.
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Treatment of Obese Non-Diabetic Patients with Phenformin.
A Double-Blind Cross-Over Trial
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Sammary: The effect of 50 mg. of sustained release
phenformin capsules administered twice daily was

compared with a placebo as an aid to weight reduction in
obese non-diabetic patients. Phenformin and placebo were
administered alternately in two three-month periods.
Weight loss on a 1,200-calorie diet was greater in the

first three months than in the second three months
regardless of treatment. There was no difference in weight
loss between the phenformin and placebo groups in either
the first or second three-month period. Serum cholesterol
levels tended to fall in association with weight loss, but
not apparently in relation to the size of the weight loss or
to the treatment.

Introduction
Phenformin has been shown to produce weight reduction
when used in the treatment of patients with maturity onset
diabetes; consequently it has been tried as an aid to weight
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reduction in obese non-diabetic patients, and conflicting re-
ports have been published (Patel and Stowers, 1964; Bloom,
1968; Faludi et al., 1968; Roginsky and Sandler, 1968; Munro
o3t al., 1969). To try to clarify the position a double-blind
cross-over trial with phenformin and placebo has been
carried out.

Material and Method
Fifty patients were selected consecutively from new patients

attending the obesity clinic at Salford Royal Hospital. They
were referred by consultants in the hospital group and in most
cases had been treated for obesity with a reducing diet before
being referred to the obesity clinic. All the patients in the trial
were initially at least 200/,% above average according to stan-
dard height-weight tables. Patients needing special treatment
such as diuretics were excluded from the trial, as were known
diabetics and patients with an abnormal response to a glucose
load. Otherwise all new patients were admitted to the trial in
strict rotation.
The patients in the trial attended the hospital pharmacy,
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