
Thorax 1987;42:481-486

Recurrence of pulmonary embolism during
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ABSTRACT The risk of early recurrence of pulmonary embolism in patients with venous throm-
boembolic disease treated by anticoagulants is not well established. To determine the risk linked to
contemporary proximal deep venous thrombosis, a prospective study was organised to give clinical
and scintigraphic surveillance to 50 patients with angiographically proved pulmonary embolism
plus phlebographically proved proximal deep vein thrombosis during the first 15 days of anti-
coagulant treatment. Perfusion lung scans were performed initially and on days 3, 7, and 15. Only
two patients had a recurrence of pulmonary embolism during this period; both episodes were

revealed by new symptoms, and one recurrence was fatal. The systematic performance of angio-
graphy in four patients found to have new scintigraphic defects led to the the diagnosis of "spurious
scintigraphic recurrence" in three of them. It is concluded that (a) adjusted anticoagulant treatment
showed an effectiveness of 96% for preventing early recurrence of pulmonary embolism in this
group of supposed high risk patients, and (b) in patients with recent pulmonary embolism new

defects on systematic perfusion lung scans are not specific indicators of recurrent pulmonary
embolism.

The risk of early recurrence of pulmonary embolism
during anticoagulant treatment is not well estab-
lished: the frequency given in published studies varies
from zero to 28% during the initial course of intra-
venous heparin-that is, usually, during first seven to
15 days of treatment.'1- This variation probably
has several explanations, some of which, such as the
method of heparin administration and the "ade-
quacy" of anticoagulation, have been investigated in
prospective comparative studies.2'49 10 Other
important factors possibly contributing to these vari-
able results are: (1) only two of these studies9 1

included systematic reassessment by perfusion lung
scanning, and these two studies reported the highest
recurrence rates (28% and 23%). (2) In all the
reported studies the diagnosis of recurring pulmonary
embolism was based on clinical or scintigraphic evi-
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dence, or both, and hence was not definitively estab-
lished. None used pulmonary angiography as the sole
diagnostic endpoint for both pulmonary embolism
and subsequent recurrences. (3) Because lower limb
phlebography was not systematically performed,
patients with associated proximal deep venous throm-
bosis, who represent a high risk group for pulmonary
embolism"2 and, presumably, for recurrence of pul-
monary embolism, could not be assessed as a separate
subgroup.
We have therefore prospectively evaluated the risk

of recurrence of pulmonary embolism during the first
15 days of anticoagulant treatment in a homogenous
group of patients with both pulmonary embolism and
proximal deep vein thrombosis. Such patients seemed
likely to have an especially high risk of early recur-
rence of pulmonary embolism. The study included
periodic reassessment by perfusion lung scanning,
and the diagnosis of thromboembolic disease was
based on the two "gold standards" of pulmonary
angiography for pulmonary embolism (both in the
initial diagnosis and in confirmation of recurrences)
and phlebography for deep vein thrombosis.
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Methods

INCLUSION CRITERIA
From 30 September 1981 to 30 October 1983 all
patients admitted to the department of pulmonary
diseases were included in the study if the following
criteria were met: pulmonary embolism proved by
angiography within the past 48 hours; proximal deep
vein thrombosis (popliteal, femoral, or iliac) proved
by phlebography within the past 48 hours (patients
with evidence of clot affecting the inferior vena cava
excluded); no contraindication to heparin treatment;
no clinical shock or acute right ventricular failure
requiring rapid removal of embolic obstruction by
thrombolytic agents or surgical embolectomy"3; no
evidence of previous significant cardiopulmonary dis-
ease or of advanced neoplasia; informed consent
obtained. Fifty patients met these criteria.

DIAGNOSTIC METHODS
Phlebography was performed on recumbent patients
by bolus injection of isotonic contrast medium (Hexa-
brix, Guerbet Laboratoires, France) via "scalp"
needles inserted in a dorsal vein of each foot. Tour-
niquets were placed around the lower and upper third
of the calf, and around the lower third of the thigh.
Films were taken while the tourniquets were being
sequentially moved upward from the ankle to the
thigh. At least one additional film was taken during a
Valsalva manoeuvre or an abdominal compression to
obtain better visualisation of the iliac veins and vena
cava. The films were anteroposterior views and they
allowed analysis of the appearances of calf, popliteal,
and femoral deep veins in all patients. In nine out of
the 50 patients, further opacification of iliac veins or
inferior vena cava or both was needed; this was per-
formed by percutaneous catheterisation of one or
both femoral veins at the groin.
The diagnosis of recent thrombus was based on the

appearance of a constant intralumninal filling defect
within an opacified vein. The visualisation of a thin
white line representing contrast medium between the
thrombus and the vein wall on each side of the prox-
imal part of a clot defined a "floating" or "tail" clot.
Non-opacification of a vein was taken as indicating
thrombosis only if the veins above and below and the
collaterals were filled with contrast medium.
Pulmonary angiography was performed in eight
patients with suspected submassive pulmonary
embolism by injecting the contrast medium "with the
stream" in an arm vein; this technique confirmed
severe pulmonary vascular obstruction in all eight
cases and, in these selected patients, appeared
reliable. In all the other patients the injection was
made in the pulmonary artery, either in the trunk
("global" opacification) or in the right and left pul-

monary arteries successively ("selective" opacifica-
tion). Only conventional angiography was used. In 45
of the 50 patients catheterisation was performed by
percutaneous puncture of a basilic vein and femoral
vein catheterisation was used in the others. The
scoring system described by Miller et alt4 was used to
evaluate the degree of angiographic vascular obstruc-
tion; this gives a score ranging from 0 to 34, with a
maximum of 16 for intraluminal filling defects and 18
for alterations of peripheral perfusion. In the event of
repeat angiography performed because of a suspected
recurrence of embolism, the same techniques were
used as in the first procedure so that data would be
comparable.
The diagnosis of pulmonary embolism depends on

the visualisation of one or more intraluminal filling
defects or sharp arterial cutoffs in large pulmonary
arteries. The diagnosis of recurrent pulmonary
embolism required (1) the appearance of one or more
intraluminal filling defects or sharp arterial cutoffs in
an area not previously affected by the embolic pro-
cess, or (2) more proximal extension of vascular
obstruction than appeared in the reference angio-
gram. The disappearance of a proximal clot with
embolisation of more distal arteries in the same area,
without any other changes, was interpreted as frag-
mentation of the initial clot, and was not considered a
recurrence.
Perfusion lung scanning Microspheres labelled with
technetium-99m albumin were injected intravenously
with the patient in the supine position. At least four
views were obtained (anterior, posterior, and left and
right lateral). Successive perfusion lung scans were
compared only with the immediately preceding one
and noted as "better perfusion," "no change," "new
defect or defects," or "normal." One or more new
defects suggested recurrence of pulmonary embolism,
and therefore led to repeat pulmonary angiography.
Interpretation All phlebographic, angiographic, and
scintigraphic evidence was interpreted by several
trained chest physicians and radiologists at the time
of performance. During the reviewing period at the
end of the study all these documents were interpreted
again by two independent pairs of chest physician and
radiologist, without knowledge of clinical history or
of the relationships between pulmonary angiograms
and perfusion lung scans. Only minor differences were
found between these two interpretations and between
the pairs, and there was no diagnostic change in par-
ticular with respect to the diagnosis of recurrent
embolism.

PROTOCOL
Treatment protocol As soon as the diagnosis of
venous thromboembolic disease was suspected, a con-
tinuous intravenous infusion of sodium heparinate
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was started (500 IU/kg per day, without a loading
dose). Further doses were then adjusted on the basis
of coagulation tests performed at least once a day for
15 days. The aim was to increase the Howell time to
1 5-2 times the control value, and the thrombin time
to more than 2 minutes. In the event of inadequate
anticoagulation, the Howell time was rechecked four
to eight hours after a therapeutic change. Patients
were allowed to become anbulant, using venous elas-
tic support, as soon as satisfactory anticoagulation
was achieved.
Surveillance Patients were given daily clinical exam-
inations and perfusion lung scanning was system-
atically performed on days 0, 3, 7 and 15 after entry to
the study. The interval between angiography and ini-
tial perfusion lung scanning, whatever the order, was
less than 36 hours in all patients. Any clinically sus-

pected recurrent pulmonary embolism resulted in a
repeat scan and any new defect on perfusion scanning
led to repeat pulmonary angiography within 24 hours
to confirm embolic recurrence.

Results

The main clinical data on the 50 patients who met the
inclusion criteria during the study period are given in
table 1. The mean (SD) Miller index was 16-1 (5-1)/34
(range 4-27). The location and appearances of prox-
imal venous clots at initial phlebography are
presented in table 2. Deep vein thrombosis was right
sided in 23 patients (46%) left sided in 21 (42%), and
bilateral in six patients (12%), with bilateral proximal
deep vein thrombosis in four patients. Eighteen
(36%) and nine (18%) patients respectively showed
no clinical signs suggesting deep vein thrombosis or

pulmonary embolism. These latter 27 patients could
be recruited for the study because at our institution
bilateral lower limb phlebography is routinely per-
formed in patients with pulmonary embolism even in

Table I Main clinical data on the 50 patients included in the
study

Total No of patients 50
Age (y): mean 60 8

range 26-85
Sex (M:F) 35:15
Underlying condition*

Previous venous thromboembolism 22 (44%)
Malignant disease 2 (4%)
Recent surgery (< I month) 13 (26%)
Orthopaedic 5
Abdominal 6
Caesarean section 2

Normal delivery (< I month) I
Varicose veins 8
Obesity 8
Recent long journey 2
Motor sequelae of stroke 2

*Patients may have more than one of these conditions.

Table 2 Initial phlebographk: upper limit and aspect of
proximal venous clots in the 50 patients

Loc ation ofDVT No (%)* "Floating"

Iliac 15(28) 12
Femoral 31(57) 23
Popliteal 8 (15) 8

*The total number of deep vein thromboses exceeds 50 because four
patients had bilateral proximal thromboses.
DVT-deep vein thrombosis.

the absence of clinical signs of deep vein thrombosis,
and patients with proximal deep vein thrombosis
without clinical signs of pulmonary embolism
undergo systematic "baseline" perfusion lung scan-
ning. These perfusion defects on lung scans were then
confirmed by angiography.
Two patients (4%) developed a recurrence of pul-

monary embolism, revealed in both cases by new clin-
ical symptoms (days 3 and 12). One died despite
emergency surgical treatment, which was performed
without repeat lung scanning or angiography because
of sudden shock and acute cor pulmonale. Anti-
coagulation had been inadequate over the proceeding
36 hours before recurrence in this patient. Additional
details are given in table 3.
The systematic perfusion scanning revealed new

segmental perfusion defects in three patients without
any new clinical symptoms (day 7 in one case, day 15
in the other two). In all three patients chest radio-
graphs were normal or unchanged. Subsequent angio-
graphy (interval under 24 hours) did not confirm the
suspected recurrence, leading to the diagnosis of
"spurious scintigraphic recurrence." An example is
given in the figure. The total of four patients with new
scintigraphic defects includes these three patients, and
one patient with "true" recurrent pulmonary
embolism detailed in table 3.

Table 3 Main clinical data on two men with "true"
recurrent pulmonary embolism

Age (y) 69 63
Previous history of:
Venous thromboembolism Yes Yes
Malignant disease No No

Recent surgery (< I month) No Yes
Initial Miller index 26/34 8/34
Upper limit of venous clot Femoral Femoral
"Floating" aspect on initial

phlebography Yes Yes
Recurrence
Days after inclusion 3 12
Miller index ND 17/34
Phlebography ND Iliac thrombus
Anticoagulant treatment Inadequate Adequate

Outcome Death IVCI

ND-not done, IVCI-inferior vena cava interruption.

483

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.42.7.481 on 1 July 1987. D

ow
nloaded from

 

http://thorax.bmj.com/


Girard, Mathieu, Simonneau, Petitpretz, Cerrina, Herve, Rosso, Musset, Mensch, Duroux

R

F

ITn Cay 14th day

I. ::.-

(a) Anterior and right lateral views ofsystematic perfusion lung scanning performed seven and 14 days after the initial
pulmonary angiography. Comparison with the scan obtained seven days after entry into the study shows that an apparently new
defect had appeared in the right upper lobe, whereas perfusion to the right and left lower lobes had improved. (b) Angiogram
(selective right opacification) obtained on the day ofentry. There is appreciable hypoperfusion ofthe right lung with proximal
intraluminalfilling defects (occlusive and non-occlusive) in all lobar and most segmental arteries. Note the position ofthe
thrombus in the upper lobe pulmonary artery (arrows). (c) Selective right opacification obtained 12 hours after the 14 day
perfusion lung scan shown in (a). Comparison with (b) (same times after injection) shows that, although there is a persistent
appreciable hypoperfusion ofthe upper lobe, the intraluminalfiuing defect is more distal (arrows) and there is a considerable
improvement in the perfusion to the middle and lower lobes.
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In three other patients with new clinical symptoms

(pleuritic chest pain or haemoptysis or both) repeat
lung scans did not show new defects and this was
taken to exclude the diagnosis of appreciable recur-
rence of pulmonary embolism.

Severe complications of heparin treatment
occurred in three patients, resulting in the inter-
ruption of treatment and the performance of an infe-
rior vena caval interruption procedure. The
complications comprised compressive hematomas
related to vascular puncture sites in two patients (on
day 5 in both cases), and in one patient heparin
induced severe thrombocytopenia on day 9 without
any clinically detected embolic or haemorrhagic com-
plication.

Discussion

The risk of pulmonary embolism is especially high in
patients with proximal venous thrombosis.12 Fur-
thermore, the severity of a recurrence of pulmonary
embolism appears to be related both to the size of the
recurring embolus and to the residual pulmonary vas-
cular obstruction at the time of recurrence. The first
15 days of treatment correspond to the commonly
accepted period for adherence of the thrombus to vein
walls'5 and for the maximum rate of improvement of
perfusion as shown by sequential perfusion lung
scanning"6; this therefore represents a period during
which the importance and potential severity of recur-
rent embolism are greatest. Thus by choosing patients
with proximal deep vein thrombosis and relatively
severe pulmonary embolism (the mean Miller index of
16-8 indicates a mean pulmonary vascular obstruc-
tion of 50%) we were studying a group of patients
with a supposedly high risk of a severe early recur-
rence of pulmonary embolism.
A recurrence of pulmonary embolism within the

first 15 days of treatment was documented in only two
of the 50 patients (4%), including one patient whose
coagulation test results were inadequate and who
died. In the other patient repeat phlebography at the
time of recurrence showed proximal extension of the
femoral clot despite biologically "adequate" anti-
coagulation. This latter finding supports the conclu-
sions of Pollak et al, ' who suggested that proximal
extension of venous clots during anticoagulant treat-
ment was associated with an increased risk of pul-
monary embolism. Since repeat phlebography was
not performed systematically, however, we could not
compare the early evolution of venous clots in
patients without a recurrence of pulmonary
embolism.

Early caval interruption is sometimes performed
routinely in patients with pulmonary embolism plus
proximal deep vein thrombosis.'8 19 Our study pro-

vides data that might allow the initiation of a pro-
spective randomised comparison of anticoagulation
with and without systematic complementary caval
interruption. Because of the low incidence of recur-
rent pulmonary embolism found in the present work,
however, such a study would require a very large
number of patients: to demonstrate a significant
reduction in recurrence rate-for example, from 5%
in the control group treated only by anticoagulation
to 1% in the group with an additional procedure-
observations of at least 716 proved cases of acute pul-
monary embolism would be necessary.20

Systemic performance of pulmonary angiography
in four patients with new scintigraphic defects led to
the diagnosis of "spurious scintigraphic recurrence"
in three of them (figure 2). This phenomenon, whose
frequency is unknown, was first described by Moser et
al,2' who attributed it to reperfusion asynchrony
between different embolised areas. We must empha-
sise that our three spurious recurrences, like those
described by Moser et al, occurred in very particular
conditions: all three patients initially had several
embolised areas, the new defects were only segmental,
and they occurred in areas where more proximal clots
had been seen on the initial angiograms. A retro-
spective comparison of initial perfusion king scans
with initial angiograms confirmed that areas with
normal or subnormal perfusion on scans and non-
occlusive thrombi on angiograms could be found in
virtually all patients with multiple emboli and a
Miller index of over 15. Others have made similar
comments on such discrepancies between perfusion
lung scans and angiograms.22 Thus the present results
suggest that, even in patients with recent pulmonary
embolism, the specificity of one or more new defects
on the perfusion lung scan is insufficient for diagno-
sing recurrence of pulmonary embolism, especially in
the presence ofimprovement in another area or areas,
and indicate that pulmonary angiography should be
repeated in such cases to confirm the diagnosis of a
recurrence of pulmonary embolism. These results
might also help to explain the rather high recurrence
rates found in the two studies9" that used systematic
surveillance by perfusion lung scanning without
confirmation of new defects by repeated pulmonary
angiography. Finally, we would emphasise that in
this study both patients with a true recurrence of
pulmonary embolism had very suggestive symptoms,
compared with none in the three patients with "spuri-
ous recurrences." Thus systematic perfusion lung
scanning appears questionable.

Ventilation scanning was not systematically per-
formed in this study. Its usefulness is, however, estab-
lished only for the initial diagnosis of pulmonary
embolism, and it seems improbable that it would have
helped to detect "spurious recurrences" because the
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abnormalities giving rise to these appear to be purely
vascular. In one patient with "spurious recurrence" in
whom a simultaneous ventilation scan was obtained,
the "new" perfusion defect was, as expected, "mis-
matched."

This prospective study, although descriptive and
non-comparative, allows two main conclusions.
Firstly, adjusted anticoagulant treatment showed an
effectiveness of 96% for preventing early recurrence
of pulmonary embolism in our group of patients with
pulmonary embolism plus proximal deep vein throm-
bosis. Secondly, the specificity of perfusion lung scan-
ning for diagnosing early recurrence of pulmonary
embolism in such patients is probably insufficient.
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