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SUMMARY : Pulmonary resection may be complicated by potentially futal complication of pulmonary
thromboembolism, but it is frequently misdiagnosed owing to its complex presentation.

In-a study of 990 patients undergoing lung resection for bronchogenic carcinoma, eighteen parients

(] 8 %) died following sudden cardiorespiratory arrest (SCRA). Fourteen (78%) of these, twelve (869 )

- male and two (14%) females with a median age of 65 years (range 58-71v) under went postmorten exani-
- nation. The primary cause of death identified was pulmonary embolism in 12 (86%) and myocardial infare-

tion in two (14%) patients. Pathologic examination revealed that all patients had severely oedematous
o lungs. The source of thormbus was within deep leg veins in eight patients (66%), the right pulmonary artery
stump in two (17%), wiht no identifiably source to be found in the other two patients although massive

L tory status in the postoperative period.
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v embolus was identified in the main pulmonary artery of both.

We conclude that pulmonary embolisn is a major cause of early death following pulmonary surgery
and its diagnosis should be considered in patients who develop unexpected deterioration of cardiorespira-

INTRODUCTION

Three factors constitute Vichow's triad; 1.veno-
us stasis 2. trauma to vascular endothetium 3.alte-
red coagulability encourage venous thrombosis du-

ring and after surgery. Patients at greatset risk of

embolic phenomena secondary Lo thrombosis are
those who are above the age of 50 years (8. 9), who
have a malignant neoplasim which induces a hyper-
coagulable state (2, 5. 11), and who are immobile
belore and after surgery. Satur et al (135) suggested
that pulmonary thromboemboli was an under diag-
nosed complication of pulmonary surgery. an opi-

nion conflirmed by Ziomek et al (17) who identified
an 19% incidence of thromboembolism following
lung resection. They also stressed that this compli-
cation aflected the older patient being treated for a
bronchogenic carcinoma more frequently than yo-
unger paticnts being treated for non-malignant pul-
monary conditions.

Diagnosis of pulmonary thromboembolism fol-
lowing resection remains undetermined and oflen
attributed to other causes. This dilficulty is particu-
larly extreme in patients who have suffered sudden
and severe deterioration in cardiopulmonary func-
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tion.

In this report we describe the results of a retros-
pective study in which the cause of death identificd
in patients suflering sudden cardiorespiratory ar-
rest was examined and its relationship to risk fac-
tors cvaluated and diagnostic problems in paticnts
following pulmonary surgery and requirements for
prophylaxis discussed.

MATERIAL AND METHOD

Palicnts who had undergonce lung resection for
bronchogenic lung carcinoma al the regional cardi-
othoracic surgery centre hetween 1980-1994 were
reviewed retrospectively. The patients who died
due to sudden cardiorespiratory arrest (SCRA) and
underwent postmortem examination were included
in the study. Two patients were excluded from the
study in whom the primary cause of death was desc-
ribed as being myocardial infarction. Possible pre-
operative risk factors considered were age, sex, pre-
operative hospital stay and a previous history of
thromboembolic discase. The relationship with pe-
ri-and postoperative risk factors were evaluated.
Parameters studied included type ol resection, du-
ration of surgery, postoperative complications,
prolonged bed rest. cell type and stage of the tumo-
ur, anticoagulation prophylaxis and evidence ol
postoperative deep venous thrombosis (DVT). The
postmortem report of cach patient was reviewed
and the primary cause of death. source and place of
emboli, as well as status of the lung were determi-
ned. Chi-square test was used to lest the differences
between the group in event frequency. Valid statis-

tical significance was accepted under the level of

0.05.
RESULTS

Nine hundred and ninety patients underwent
lung resection for non-small cell lung carcinoma
between 1980-1993. Fifty cight (5.9 %) of these pa-
tients died in the postoperative period with or wit-
hout a determined cause. Eighteen (31 %) ol the lat-
ter 58 patients, an incidence of 1.8% ol the total
study population, died following SCRA in the ab-
sence of a predetermined clinical problem. In [ilte-
en cases (79 %) altempts at resuscilation were un-
successful. Three (21 %) were successtully resusci-
tated but died on the 6th. 27th and 32nd postoperati-
ve days of multiple organ lailure.

Postmortem examination was performed in 14
(78 %) of the cighteen paticnts. Twelve patients in
whom the primary cause of death was pulmonary
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origin were studied (two patients were excluded in
whom the primary cause of death was massive
myocardial infarction). They constituted ol two
(17%) females and 10 (83%) males with a median
age of 65 years (range 58-71). The period of hospi-
talisation immedialely prior to surgery was a medi-
an 2.6 days (range 1-9). This did not signilicandy
differ from the rest of the patients. p=NS (2.6 vs 2.3
days).

No patient had a history of thromboembolic di-
sease prior to surgery. The treatment of chotce wus
pncumoncctomy in eight (67 %) patients (three left
and five right) although bilobectomy or lobectomy
was carricd out in 4 (33 %) patients. Histopatholo-
gical examination of the resected specimen reve-
aled that three (25 %) patients were stage 1, three
(25 %) stage O and six (50 %) stage Ha. Cell type of
the tumour was squamous cell carcinoma in 10
(83%) and adenocarcinoma in 2 (17 %) patients.
The median onsct of SCRA was 39.5 hours with o
range 20-160 hours. Diagnosis of pulmonary
thromboembolism following collapse was assu-
med in one patient who underwent emergency em-
bolectomy. The paticnt however died following
this procedure.

Postmortem examination revealed severely oe-
dematous [ung tissue in all patients. Fresh large em-
boli was identified in all twelve patients. which in
one case was 40 cm long and extending from the in-
ferior vena cava, though the right atrium and vent-
ricle and into the pulmonary artery. Small organi-
sing emboli were found in the smaller branches ol
the pulmory artery in three (25 %) cases in whom
slight dyspnea was observed 2 to 4 duys pior (o
SCRA which had been attributed to poor respira-
tory funtion and operation. The source of thrombo-
emboli was the deep calf veins in 8 (66.06 %) pati-
ents and was in the pulmonary artery stump in two
(16.6 %) who underwent right pneumoncctomy. In
two (16.6 %) patients massive emboli were identifi-
cd in the main pulmonary artery and its major
branches. However, no thrombus was identificd in
the veins of the legs.

15.000 [U calcium heparin (Calciparine, Sano-
fi, UK) was administered subcutancously in three
divided doses as prophylaxis in 6 (50 %) patients
commencing two hours following surgery. No
pharmacological prophylaxis was administercd o
the other six patients, as a preference of the surgeon.
A therapcutic dose of heparin was administered to
only two patients in whom dcep vein thrombosis



was diagnosed on 2nd and 4th postoperative day.
These two patients however suffered fatal cardio-
respiratory arrest in two and 18 hours following ini-
tiation of anticoagulant therapy. Demographic data
ol the patients are shown in Table 1.

(eight pneumonectomies and four lobectomies)
and the primary diagnosis was malignant neoplasm
in each case. Morrell and Dunnill (9) showed in
their postmortem study that the majority of the ca-
ses were 50 years of age or more. This was also de-

Patient No  Sex Staging Operation
] M 1la RP

2 M la RP

3 F llla RP

4 M I RP

5 M Hla RP

6 F HIR LP

7 M I1 LP

8 M I11a LP

9 M I RMLL
10 M [ RLL
11 M Il LLL
12 M [ RUL

Onset of SCRA (hrs) Cell Type Heparin Phrophylaxis

20 Squamous Yes
74 Squamous Yes
24 Adeno No
38 Squamous No
160 Squamous No
115 Squamous Yes
96 Squamous Yes
24 Squamous Yes
40 Squamous Yes
70 Squamous No
38 Adeno No
39 Squamous No

M = Male, F = Female, RP & LP = Right and left pneumonectomy, RMLL = Right middle and upper lobectomy.
RLL = Right lover lobectomy, RUL = Right upper lobectomy, LLL = Left lover lobectomy.
Table | : Demographic data of the patients.

DISCUSSION

Despite entexsive rescarch into the prevention,
diagnosis as well as treatment and risk factors of
pulmonary thromboembolism are poorly characte-
rised.

Pulmonary resection for bronchogenic carcino-
ma provides the most effective form of treatment
for this condition. However, the group of patients
requiring this therapy commonly possess characte-
ristics which predispose them to the occurence of
thromboembolism. These major risk factors inclu-
de advanced age, trauma such as recent major ope-
ration, advanced malignancy such as stage Ila or
IV lung cancer, prolonged duration of surgery and
anaesthesia, obesity as well as prolonged postope-
rative immobilisation (3, 8, 9, 12). Some patients
may have additional risk factors such as previous
history of DVT, a known hypercoagulable state and
heart disease. All patients in this study had one or
more major risk factors of thromboembolism exp-
ressed above. They possessed a median age of 65
years and had been hospitalized prior to surgery.
The patients had also undergone major surgery

monstrated by Gillinov et al (3) and Reisetal (12)
in patients undergoing coronary artery by-pass
grafting. Satur et al (15) suggest that the incidence
of pulmonary embolus may be underestimated and
that this failure to diagnose the problem arises from
an often confusing presentation. Ziomek ct al (17)
performed a prospective study and demonstrated
that the principal risk factors were: 1. Tumour sizc
greater than 3 cm in diameter 2. Tumour stage I or
higher 3. Lobectomy or pneumonectomy. The only
mortality observed in this study was due to sudden
cardiorespiratory arrest which followed cardiac
arrhythmias presumed to be due to myocardial in-
farction. Pulmonary angiography and postmortem
examination however revealed that the main conl-
ributing factor was multiple bilateral pulmonary
emboli. No significant cardiac disease was present.
66% of our patients underwent pneumonectomy
with only three patients in stage I whereas advanced
tumour(stage II or Iia) was observed in nine pati-
ents. In contrast to Coon (10) and Ziomek et al (16,
17), only two patients with adenocarcinoma were
observed in our study.

Diagnosis of DVT and pulmonary embolisim is
difficult. Any patient suspected of having DVT
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should receive a duplex ultrasound scan or venog-
ram. Sudden cardiorespiratory arrest due to pulmo-
nary thrombocembolism is an uncommon but al-
most always latal complication following lung re-
section. The complications of lung surgery were re-
viewed by Nagasaki et al (10) and Ginsberg ct al (4)
who observed an incidence of proven fatal puimo-
nary embolism of [4% and 13% respecuively
amongst patients died in the postoperative period.
Results ol our study show the most lrequent cause
of sudden cardiorespiratory arrest (o be major pul-
monary thromboembolism. There was an cvidence
in 83% of patients of thrombus in the deep veins ol
the legs although this was symptomatic in only two
patients. Institution ol anticoagulant therapy follo-
wing diagnosis of DVT did not prevent sudden car-
diorespiratory arrest in these cases. Pulmonary
symptoms anteceding the major event were only
identified in two patients. Post-mortem examinati-
on demonstrated that in the presence of major em-
bolus the lungs were severely oedematous.

The clinical presentation ol pulmonary emboli
following lung resection may be varied and de-
pends on the size of the emboli. Symploms may inc-
lude mild dyspnca or alternatively may be extreme
and cause sudden cardiorespiratory arrest. The di-
agnosis of pulmonary thromboemboli in the pre-
sence of physiological changes occurring sccon-
dary to recent thoracic surgery often feads to misdi-
agnosis. Thus the presence of bronchospasm. focal
pulmonary collapse. or pulmonary ocdema arc
most commonly considered to be primary
symptoms and not secondary to emboli. Dyspneca
and the above clinical signs may however be indu-
ced by the presence of emboli of varying sizes. This
is supported by our own findings ol pulmonary oc-
dema as a common accompanying feature ol large
pulmonary emboli.

In the presence of acute cardiorespiratory arrest
little may be done to treat patients successfully. Pre-
vention of the occurrence of thromboembolism and
thus secondary major adverse events is the only el-
fective therapy for these problems. The effect of
pneumatic compression of the legs during surgery
and graduated compression stockings in the pre-
vention have been shown by Scurr et al (14) and
were proposcd by the authors. The incidence of
both deep vein thrombosis and fatal pulmonary cm-
bolism in patients undergoing thoracic surgical
procedures has been shown to be reduced to two
thirds in patients with the use of a protocol ol admi-
nistration of 3000 TU subcutancous heparin 8-12
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hourly commencing early after surgery (1. 6). This
regimen has shown to decrease the incidence of
DVT in thoracic surgical patients by approximately
50 percent (1). This protocol was utilised in some of
our patients thus emphasising the need to further in-
vestigale a more suitable and efficacious protocol
of prophylaxis.

Two of the patients in our group suffered minor
symptoms which pre-empted a major cmbolus. We
speculate that, had an earlier diagnosis of the for-
mer been made, then active treatment may have
prevented the latter. A high level of expertise is re-
quired to diagnose the occurrence ol pulmonary
cmboli which are smaller than those described abo-
ve. Patients with limited pulmonary function are
those most likely to sutTer rapid onset of hacmody-
namic instability in the presence of moderate sized
emboli (13). These patients arc, however, also most
likely to have other causes of respiratory insulfici-
eney such as bronchospasm. Ventilation/perfusion
scans and pulmonary angiography arc methods of
diagnosis that should be utilised. Following diag-
nosis, anticoagulation with intravenous heparin
and oral anticoagulants in order to achieve the
prothrombin time between 2.0 and 2.5 ol normal is
mandatory although this did not prevent latal pul-
monary embolism in two of the patients.

We conclude that pulmonary embolism is the
most. common cause of sudden cardiorespiratory
arrest in the carly postoperative period following
lung resection. Treatment options are limited but
consideration should be given o both aggressive
prophylaxis and to earlier diagnosis as well as treat-
ment of minor emboli,
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