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ORIGINAL ARTICLE

Pulmonary embolism: a frequent cause
of acute fatality after lung resection

Abstract Between 1975 and 1993,
lung resections were performed in
1735 patients because of malignan-
cies, with an early postoperative
mortality of 7.2% (125 patients).
Early postoperatively acute cardio-
respiratory failure was experienced
by 32 patients (1.85%), of whom 26
died despite immediate resuscitation
measures. In 20/26 patients autopsy
was performed revealing central pul-
monary embolism as the cause of
death in 19 of them. In one patient a
rupture of the free posterior left ven-
tricular wall following transmural
myocardial infarction was found.
Two patients who could be resusci-
tated successfully were operated on
with extracorporeal circulation after
pulmonary angiography had been
performed to confirm the diagnosis;
however they died 2 days later of
right heart failure. Of the survivors
three cases had myocardial infarc-
tions, one patient had arrhythmias of
unknown etiology. Immediate embo-

lectomy with the use of extracorpo-
real circulation was performed in
two patients, only on the ground of
suspected pulmonary embolism and
without further diagnostic measures.
Both patients survived. Of the

23 cases, with proven pulmonary
embolism 17 were still under post-
operative prophylaxis with heparin.
Six patients were already fully mobi-
lized. We conclude that massive pul-
monary embolism is a frequent early
postoperative fatal complication
after lung resections, which cannot
be safely prevented by postoperative
heparinization. The only successful
life-saving measure in the case of
central pulmonary embolism is im-
mediate pulmonary embolectomy, if
necessary without further diagnostic
measures. [Eur J Cardio-thorac Surg
(1996) 10:242-247]
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Introduction

Patients with malignant disease frequently suffer from co-
agulation abnormalities [25] causing deep venous throm-
bosis and thromboembolic events despite normal routine
clotting tests [6, 20]. Inversely it could be demonstrated
retrospectively [21] as well as prospectively [18] that pa-
tients suffering from deep vein thrombosis can have a ma-
lignant disease not yet diagnosed [1, 16, 19]. This associ-

ation between tumors and thromboembolic events is also
known for patients with lung cancer [7, 12, 13, 22]. Nev-
ertheless most of them can maintain normal hemostatic
function [29] and venous thrombosis as well as throm-
boembolism cannot be predicted with certainty [4, 6}. The
reduction of the cross-section of pulmonary arteries after
lung resections holds an increased risk of serious compli-
cations in the case of minor pulmonary embolism and will
lead to fatal cardiorespiratory failure more often compared
to that in inviduals with normal lungs [24, 30].
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In order to clarify the significance of thromboembolic
events as causes of early postoperative deaths we per-
formed a retrospective study of nearly 2,000 patients op-
erated because of pulmonary malignancies in our depart-
ment during the past 18 years.

Patients and methods
Patient population

In 1735 patients who underwent lung resections between 1975 and
1993, early postoperative mortality was 7.2% (Table 1). The major-
ity of the patients who died had a prolonged, complicated postoper-
ative course ending fatally. The largest group, with 54 cases, includ-
ed patients suffering from pneumonia which, as a result of the re-
duced amount of lung parenchyma, led to respiratory failure or right
heart failure. In 20 cases, after pneumonectomy bronchus stump in-
sufficiency occurred which led secondarily to septic problems. In
19 patients with advanced tumors, intraoperative or postoperative
hemorrhaging could not be controlled. In seven cases other causes
led to death, e.g. free wall rupture of the left ventricle due to myo-
cardijal infarction, cerebral damage or abdominal problems. The re-
maining 25 cases are part of a group of 32 patients with cardiores-
piratory failure, possibly caused by pulmonary embolism as de-
scribed in this study.

With respect to the duration of surgery, blood loss, transfusion
requirements as well as anesthesia, all patients were comparable as
far as tumor stages, operative procedures and histological types of
bronchogenic carcinomas were concerned. Of all patients, 93% had
a history of smoking.

Thromboembolic prophylaxis

The preoperative routine coagulation profile, consisting of activat-
ed partial thromboplastin time (APTT), prothrombin time and throm-
bocytes, showed normal values in all patients except in three cases,
where moderately elevated numbers of thrombocytes between 450,
and 500,000/u1 were recognized, and in one patient who had
657,000/ul thrombocytes.

Only three of these patients had already been hospitalized for
longer times before the lung resections. They were under treatment
with 3 x7,500 I.U. heparin/day subcutaneously. All other cases were
outpatients coming to the hospital 1 or 2 days before the operation

Table 1 Causes of early postoperative death after lung resection (n=
125 of 1,735=7.2%)

Diagnosis n Autopsy
()

Pneumonia with respiratory failure 54 46
Proven pulmonary embolism

(autopsy or embolectomy) 21 19
Suspected pulmonary embolism

(no autopsy) 4
Complications after bronchus
Stump insufficiency 20 12
Intraoperative or postoperative hemorrhage 19 10
Other cause 7 6

125 93 (74.4%)

without any evidence of deep vein thrombosis. They had no medi-
cation for prophylaxis preoperatively. The thromboembolic prophy-
laxis was started on the morning of the 1st postoperative day as a
continuous intravenous application of heparin with a dosage of
5 L.U./kgBW per h and was changed in the 2nd postoperative day to
subcutaneous application of 7,500 or 10,000 I.U. every 8 h depend-
ing on the body weight of the patient, if they could be mobilized.
Otherwise the continuous intravenous application was maintained
and the dosage was chosen following the results of the APTT. All
patients were mobilized on the Ist postoperative day if possible. Pa-
tients with varicose veins or known previous deep vein thrombosis
were routinely provided with compression stockings. No antiplate-
let drugs, warfarin or low molecular weight heparin were used as
prophylactic agents in the early postoperative course.

Results

Out of the whole cohort of 1735 patients, 32 (1.85%) ex-
perienced non-predictable, acute cardiorespiratory failure
within the first 2 postoperative weeks, which made resus-
citation necessary (Table 2). All of these 32 patients had
acute dyspnea followed by cardiac arrest, ventricular fib-
rillation or severe hemodynamic deterioration with systolic
blood pressure below 70 mmHg, which did not rise despite
the administration of adrenalin and worsened within the
next minutes. Out of these 32, 26 patients died despite the
resuscitation measures while 6 of them survived. In three
out of these six cases, myocardial infarctions had taken
place. In one case arrhythmias of unknown etiology were
responsible for the acute event. In two patients who had
experienced such situations, we performed immediate pul-
monary embolectomy only on the grounds of suspected
pulmonary embolism. The time lapse between the onset of
symptoms and start of the operation did not exceed 60 min.
Both patients survived the procedure, although in one case
amajor neurologic deficit had already occurred despite the
immediate onset of resuscitation. The other patient had an
uneventful postoperative course and was discharged from
the hospital 2 weeks after the event.

Two patients out of the 26 who did not survive could be
initially resuscitated and seemed to be in stable condition
under appropriate medication. Pulmonary angiography
was performed confirming the suspected diagnosis of pul-

Table 2 Causes of unexpected, acute cardiorespiratory failure after
lung resection (within the first 2 p.o. weeks) (n=32)

n Died
Massive pulmonary embolism 23 21
(proven by autopsy or surgery)
Massive pulmonary embolism 4 4
(clinically suspected)
Myocardial infarction 4 1
Arrhythmias of unknown etiology 1 0
32 26
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Table 3 Data of patients with pulmonary embolism after lung re-
section (proven by autopsy or surgery) (n=23)

Age (years): 46-79 (mean 62)

Sex: ml18,f5
Diagnosis: Squamous cell carcinoma 17
adenocarcinoma 6
Tumor stage: I 7
I 5
1A 9
111B 1
v 1
Operation: left pneumonectomy 4
right pneumonectomy 10
lobectomy 8
segmental resection 1

70-340 min (mean: 180)
0-2000 ml (mean: 600)

Duration of operation:
Substitution of blood:

Table 4 Time interval between lung resection and onset of symp-
toms postoperatively (n=23)

n

0-12h 0
13-24h 6
25-48 h 6
49 h— 4 days 8
5-12 days 3

monary embolism. During the diagnostic procedures and
until the onset of surgery with extracorporeal circulation,
gradual hemodynamic deterioration occurred. The central
pulmonary emboli could be removed successfully during
the operation, but in both cases the overstrained right ven-
tricle did not recover and the patients died within the first
48 h postoperatively. In these patients no additional au-
topsy was performed.

In 20 cases out of the 26 dying despite resuscitation, au-
topsy was performed, revealing central pulmonary embo-
lism as the cause of death in 19 of them. In addition, in 10
of these cases deep vein thrombi were found. One patient
had a rupture of the free posterior left ventricular wall fol-
lowing transmural myocardial infarction (this case is in-
cluded in the group of ,,other causes” in Table 1). In the
four cases where autopsy was refused, the course of events
strongly suggested that death was based on massive pul-
monary embolism. Thus, it was proven by surgery or au-
topsy in 23 patients that pulmonary embolism had taken
place, two patients survived after embolectomy. In four
cases pulmonary embolism can only be suspected.

Data of the group of 23 patients with proven pulmonary
embolism can be seen in Table 3, while Table 4 shows the
time interval between the operation and the onset of symp-
toms postoperatively.

Discussion

The majority of the 125 patients who died early postoper-
atively after lung resections in our group of 1735 operated
cases suffered from complications concerning the remain-
ing lung or from problems directly related to the operation
(118 out of 125 patients =94.4%). Pulmonary embolism is
the second most frequent cause of fatal outcome during the
early postoperative course. There were 21 proven and 4 sus-
pected cases in our cohort of patients. Only seven patients
had various other problems not related to the lung opera-
tion. The clinically suspected reasons for death could be
strengthened by autopsy in 93/125 cases (74.4%). In two
cases, where no autopsy was performed, the massive pul-
monary embolism was proven by angiography and surgery.

With regard to the histological type of bronchogenic
carcinoma, we found a predominance of squamous cell car-
cinoma. The relation of squamous cell carcinomas to aden-
ocarcinomas was 74%/26% in the patients dying from pul-
monary embolism (see Table 3). This was not quite con-
sistent with the whole study population: there were no pa-
tients with undifferentiated large cell carcinomas or with
small cell carcinomas who had pulmonary embolism. This
group amounted to 23% of the whole group of 1735 pa-
tients. This is in contrast to the publication by Ziomek et al.
where adenocarcinoma was the more frequent type of car-
cinoma of the lung in patients with thromboembolism af-
ter pulmonary resection [31].

Most patients with lung cancer have normal routine clot-
ting tests preoperatively [23, 29], as was the case in our
patients where only four cases showed moderately elevated
values of thrombocytes. Despite the existence of very sen-
sitive tests demonstrating activation of coagulation as well
as fibrinolysis in cancer patients [8, 23, 27], thromboem-
bolic events are not predictable [4, 15, 17]. On the other
hand, patients with malignant diseases have a higher inci-
dence of venous thromboses and subsequent thromboem-
bolism, as reported by Trousseau in 1868 [28] and con-
firmed by other studies [5, 31]. ,

Compared to other groups of postoperative patients, e.g.
in orthopedics or gynecology, the patients in thoracic sur-
gery are supposed to be at lower risk of deep venous throm-
bosis and subsequent thromboembolism [3, 10, 12, 14].
This could possibly be explained by the fact that lung sur-
gery bears a higher overall risk for severe complications,
so that the number of thromboembolic complications means
only a smaller percentage in the complete risk profile.

In our patients deep venous thrombosis and subsequent
thromboembolism represented the second most frequent
reason for early postoperative death and it even occurred
under the condition of postoperative prophylaxis with hep-
arin. All our patients after lung resections receive intrave-
nous heparin from the morning of the 1st postoperative day
with a change to subcutaneous application on the 2nd or
3rd postoperative day, as previously described, until they
are completely mobilized [11].
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Patients having pneumonectomies are at higher risk of
fatal outcome with respect to thromboembolic events for
three reasons: they often suffer from tumors in advanced
stages, which are supposed to be connected with elevated
clotting activity [23, 25, 31]. In addition, the major reduc-
tion of the cross-section of pulmonary vessels puts them
into higher jeopardy when emboli reach the remaining pul-
monary arteries. And third, if the stump of the pulmonary
artery has been left too long after ipsilateral pneumonec-
tomy, it might predispose to thrombus-formation and
cross-embolization to the contralateral artery. In our study,
in ten right-sided pneumonectomies only seven were per-
formed with intrapericardial ligation of the pulmonary ar-
tery. In the remaining three cases the longer stump of the
artery may have contributed to pulmonary embolism, al-
though there was no evidence for this at autopsy. These
facts must be considered in prophylaxis, which should be
started even preoperatively in these patients with advanced
tumors and planned pneumonectomy, and continued im-
mediately following surgery as long as no bleeding com-
plications occur.

The time between the lung resection and the onset of
symptoms, indicating the major pulmonary embolism, was
48 horlessin 12 patients, in another 8 cases the event took
place on the 3rd or 4th postoperative day. When the acute
event occurred, 17 out of the 23 cases were still under post-
operative anticoagulation with heparin (Table 4). The re-
maining six patients were already fully mobilized and pro-
phylactic medication had been discontinued. Only three
patients experienced embolism in the later postoperative
course, i.e. between days 5 and 12. This is in agreement
with the report by Gebitekin et al. where lethal cardiores-
piratory arrest due to pulmonary embolism was also a ma-
jor cause of death in the very early postoperative course
[9].

This raises the question of if and when deep venous
thrombosis could have developed in these patients and
whether improved prevention could have inhibited it. Ex-
cept for three, all cases in our study were outpatients, only
one patient was not fully mobilized, because he was on a
thoracic draining tube. These three patients were on pro-
phylaxis with subcutaneous heparin. None of the 23 pa-
tients with postoperative thromboembolism had clinical
signs of deep venous thrombosis preoperatively, however
in 10 cases deep vein thrombi were found at autopsy. Thus
it can be suspected that the thrombosis had already devel-
oped during the operation or in the first hours thereafter
[23] or had grown on an incomplete asymptomatic throm-
bosis which had existed previously [31]. The course of
events with the majority of pulmonary thomboembolisms
during the first days after the operation and under prophy-
laxis with heparin supports this suspicion, though it has not
yet been proven.

Because of possible bleeding complications, we did not
give heparin during surgery, which consisted not only of
lung resection but also of extensive lymph node dissection.

For the same reason thrombolytic therapy, as the most sim-
ple and effective therapeutic regimen, cannot be performed
immediately after lung resections.

If major pulmonary embolism occurs postoperatively,
the prognosis of these patients with reduced lung paren-
chyma and cross-sections of their pulmonary arteries is
very poor [9]. Therefore, even the suspicion of major pul-
monary embolism justifies operative embolectomy [26]. A
delay caused by additional diagnostic procedures will
worsen the prognosis, at least in those cases where me-
chanical and medical resuscitation measures have been
necessary to bring the patient to a reasonably stable con-
dition.

As extracorporeal circulation can be used at any time
in our department for thoracic and cardiovascular surgery,
we prefer to perform the operation with the use of the heart
lung machine. Since extracorporeal circulation is not avail-
able in every department for general thoracic surgery, the
emergency operative approach with pulmonary embolec-
tomy during normothermic circulatory arrest performed by
clamping the venae cavae might be chosen as an alterna-
tive [2, 26], when the high mortality of these patients with-
out intervention is taken into account. In our group of 125
patients who died early postoperatively, proven acute pul-
monary embolism was responsible for nearly 20% of the
fatalities after lung resections. As the autopsy rate in this
group was as high as 75%, this number of 20% gains ad-
ditional significance.

In conclusion, pulmonary embolisim is a frequent cause
of death in patients after lung resections for malignancies.
Unrecognized deep vein thrombosis seems to exist preop-
eratively in some patients or to develop intraoperatively or
very early postoperatively and thus cannot be prevented by
early postoperative anticoagulation. In patients with ad-
vanced tumor stages requiring pneumonectomies a more
aggressive prevention and anticoagulation by means of
pharmacological prophylaxis should be recommended. Fi-
nally, the only life — saving measure for these patients
seems to be rapid pulmonary embolectomy. If resuscita-
tion measures have been necessary the outcome is very un-
favorable, and embolectomy only on the grounds of sus-

pected pulmonary embolism could be justified in these
cases.
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Discussion

Dr. F. Vermeulen (Nieuwegein, The Neth-
erlands): Maybe I didn’t get it exactly, but
were there any of those patients, as you
were coming from a cardiovascular and
thoracic surgery department, where you
considered doing a pulmonary embolecto-
my but postponed it? In fact, a large pro-
portion of the patients with this diagnosis
were discovered only at autopsy.

Dr. Kalweit: This was only a retrospective
study of patients dying acutely within the
Lst days after lung resections in the years
from 1975 to 1993. During this time we
performed four pulmonary embolectomies
in such patients. Certainly an embolectomy
was taken into account in some other cases
but was not undertaken due to the fast dete-
rioration of the patient’s condition. And be-
fore we did this study we were really not

aware that massive pulmonary embolism
was responsible for almost 20% of all peri-
operative deaths. Although this incidence is
higher than we thought before, it is never-
theless an acute event taking place only a
very few times in a year and decision-mak-
ing is not easy in this acute situation. You
must know the data mentioned above to
choose the more aggressive approach.
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Dr. Vermeulen: And because they all die,
those with apparently massive decompen-
sation, those that are brought to your atten-
tion, the incidence of pulmonary embolus
might be higher, of course, but clinically
they are not known, not detected.

Dr. Kalweit: Yes. And it is the aim of this
publication to point out the importance of
pulmonary embolism as a cause of acute
death after lung resections, because when
you are aware of it you are more likely to
take a pulmonary embolectomy into ac-
count.

Dr. Vermeulen: This is not a study aimed
at looking at the incidence of pulmonary
embolism and how many patients die.

Dr. Kalweit: Exactly. The incidence of
pulmonary embolism is certainly higher,
but small emboli may cause a complicated
postoperative course, as has been published
previously, but do not lead to death.

Dr. Vermeulen: Could you comment on
the incidence of this phenomena in patients
operated for non-malignancy?

Dr. Kalweit: No. We did not look at that.

Dr. A. Murday (London, England): Your
recommendation is that patients who you
believe have a pulmonary embolus should
undergo immediate pulmonary embolecto-
my. Clearly there is a risk. If you operate
on patients who are ill for another reason,
post-thoracic surgery, and they haven’t had
a pulmonary embolus, then they are likely
to do badly. Have you had that experience?
Have there been any patients that have
undergone pulmonary embolectomy in this
circumstance and not had pulmonary em-
bolus? And, secondly, although you recom-
mend not performing angiography, presum-
ably you must have very strict criteria for
rushing in on these patients.

Dr. Kalweit: Recently we had a young pa-
tient who had a polytrauma some days be-
fore and who was put forward for embolec-
tomy by our anesthesiologists after he had
had acute cardiorespiratory failure appar-
ently caused by massive pulmonary embo-
lism. He was under ongoing resuscitation
and we undertook the emergency operation
without further diagnostic measures. In this
patient we found no emboli. This may hap-
pen. So you are right in claiming strict cri-
teria for this procedure. Our criteria are
that the patient must have had acute cardio-
respiratory failure making resuscitation
necessary. Myocardial infarction or postre-
sectional pulmonary edema must be ruled
out. And, in addition, we must be con-
vinced that any further delay of time
caused by diagnostic procedures will wors-
en the prognosis of these patients, which is
rather poor anyway.
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