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Study design: Case report.
Objective: To describe an unusual case of progressive pulmonary hypertension due to
recurrent pulmonary embolism in a chronically paralyzed spinal cord injury patient.
Setting: Veterans Administration Hospital, West Roxbury, MA, USA.
Subject: A 57-year-old man, tetraplegic, sensory incomplete and motor complete for 30 years
due to a diving accident, complained of lightheadedness and shortness of breath intermittently
for 7 years. Examination during the latest episode revealed anxiety, confusion, respirations
28 per min, blood pressure 80/60mmHg, and arterial pH 7.41, PCO2 28mmHg, PO2 95mmHg
on 2 l of oxygen. A chest film 2 weeks earlier had revealed a right-sided cutoff of pulmonary
vasculature; the current film showed right-sided pleural effusion. Review of EKGs showed a
trend of increasing right axis deviation with recovery and recurrences during the previous 9
years and a current incomplete right bundle branch block with clockwise rotation and inverted
T waves in V1–4. Computerized tomography with contrast material revealed small pulmonary
emboli, but only in retrospect. The patient died shortly after scanning.
Autopsy: The pulmonary arteries were free of thromboemboli on gross examination but
medium and small-sized arteries were constricted or obliterated with thrombotic material
microscopically. The estimated ages of the thromboemboli ranged from days to years. The right
ventricle was hypertrophied; the coronary arteries were patent.
Conclusion: Recurrent pulmonary emboli resulted in chronic pulmonary hypertension and
eventual death in a patient with chronic tetraplegia.
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Introduction

In spite of the relatively high prevalence of fatal pulmo-
nary embolism in acute spinal cord injury (SCI),1–3 fatal
PE in the chronic SCI patient is seldom reported.4–6

Recurrent PE in the chronic SCI patient, resulting in
chronic and eventually fatal pulmonary hypertension, is
rarer still. Considering the possibility that such cases are
overlooked, this paper describes the first report.

Case report

A 57-year-old man, tetraplegic at C5, sensory incom-
plete and motor complete for 30 years after a diving

accident, was hospitalized for shortness of breath and
abdominal discomfort. He had sustained brief episodes
of dyspnea and light headedness on several occasions
during the previous 7 years. Vital capacity was 1.6 l
(average for able-bodied at his age 4.9 l) and forced
expiratory volume at 1 s was 94% on testing 5 years
before this admission. A sleep study had not been
carried out. There was a past history of recurrent
urinary tract infections, urethral stricture, epididymitis,
cholecystectomy, bowel distention and severe, recurrent
spasticity. Urinary drainage was by indwelling catheter.
Initially treated for a urinary tract infection, he

developed diarrhea, a tympanitic abdomen, and large
bowel ileus by abdominal radiograph. Stool became
positive for C. difficile toxin.
An episode of shortness of breath and slurred speech

developed. Exam revealed T 95, P 72 R 28 BP 80/60 and
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88% oxygen saturation on room air. Blood pressures
had ranged from 72/66 to 140/80, median 91/63 for 14
readings in the 7 years prior to the current admission.
Arterial blood pH was 7.41, PCO2 28, PO2 95mmHg on
2 l of oxygen. The hematocrit was 43%, white count
11 000/m3. Coagulation studies were not carried out.
The serum sodium was 121, chloride 95, and bicarbo-
nate 17mEq/l. (Baseline sodium and bicarbonate values
were 132 to 142, median 138mEq/l, and 24–29, median
26mEq/l for seven samples over 5 years, ending 2 years
before this admission.) A chest film 2 weeks earlier had
revealed a cutoff of pulmonary vasculature on the right
side (Figure 1). The current film showed right-sided
pleural effusion. EKG showed right axis deviation, a
new incomplete right bundle branch block (IRBBB),
clockwise rotation, and right heart strain with inverted
T waves in V1–V4 (Figure 2). A myocardial infarction
was ruled out as the troponin and creatine kinase levels
were normal. Computerized tomography (CT) with

intravenous contrast revealed subsegmental emboli –
but only in retrospect – and fluid in the pleural spaces.
An echocardiogram was not performed.
Hypovolemia secondary to fluid loss from colitis was

suspected. Intravenous saline and oral metronidazole
were administered.
Subsequently, the patient became agitated and con-

fused. Although oxygen saturation remained at 92%
on supplemental oxygen, blood pressure was low and
fluctuating. The patient then lost consciousness and
blood pressure was unobtainable. No end of life decision
having been made by the patient, cardiopulmonary
resuscitation was attempted. This effort was unsuccess-
ful, and the patient expired.

Autopsy report

Autopsy revealed that the heart weighed 350 g (normal
280–350 g), with right ventricular hypertrophy and a

Figure 1 Chest radiograph showing a cutoff of a segmental right pulmonary (arrow)
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maximum thickness of 6 versus 12mm for the left
ventricle (normal ratio 1:3). The coronary arteries were
patent, and there was no infarction of the left ventricle.
Microscopic examination revealed fiber hypertrophy of
the right ventricular muscle but no incipient necrotic or
fibrotic changes.
The pleural cavities contained clear, serous fluid –

500ml on the right and 250ml on the left. The pleural
surfaces focally showed hemorrhagic, fibrinous, and
acute inflammatory exudate in some areas with
reddened, firm areas in the underlying lung, suggestive
of pulmonary infarcts. The lungs weighed 300 and
250 g on the right and left, respectively, with minimal
atelectasis, and there was no significant evidence of
emphysema. Microscopic examination revealed evidence
of extensive thromboembolic change in medium- and
small-sized pulmonary arteries throughout both lungs
and scattered foci of chronic inflammation, interpreted
as pulmonary infarctions.7 Recent, hyalinized thrombo-
tic material and old, recanalized thrombi with the
formation of multiple small vascular channels within
the original inner elastic membrane of the involved
artery were found (Figure 3). This pathology was seen in
all sections taken from the lung and had resulted in
marked narrowing of the lumen of the involved vessels,
which varied from about 40% of the original bore up to
virtual occlusion. In some instances there was formation
of a secondary inner elastic membrane about the newly
formed channels within the affected arteries. Indeed,
several vessels showed evidence of recanalized thrombi
within the new channels, indicating superimposed
thromboembolic events. The distinction between intra-
vascular thrombosis and pulmonary thromboembolism
not being possible by histology alone, clinical correlates
were enlisted for interpretation.
The pelvic veins showed no naked-eye evidence of

thrombosis, and the deep venous system of the legs was
not dissected.
The thyroid gland was tan in cut section and weighed

10 g (normal 30 g). Microscopically the gland showed
nodular architecture, atrophic follicles, interstitial

Figure 2 Electrocardiogram the day prior to the patient’s death showing right axis deviation (þ 1351), right heart strain
(T inverted in V1–V4), clockwise rotation, and incomplete right bundle branch block

Figure 3 Top panel: pulmonary artery showing a recent
intraluminal thrombus (upper arrow). There is concentric
intimal hyperplasia inside normal medial muscle and narrow-
ing by endothial ‘cushions’ (asterisks), formed from one or
more old organized thrombi and an overlying organizing
thrombus of more recent date (lower arrow). Stain: hema-
toxylin and eosin. Bottom panel: pulmonary artery occlusion
by mature fibrous tissue, pierced by multiple recanalized
vascular channels. Original lumen is demarcated by the inner
elastic membrane (arrow). Stain: Van Gieson

Pulmonary embolism and pulmonary hypertension
JH Frisbie et al

627

Spinal Cord



fibrosis, and focal areas of chronic inflammation. Serum
thyroid stimulating hormone (TSH), which became
available after death, was 10.4 IU/ml (normal o5). A
TSH level had been normal 2 years earlier.
The peritoneal cavity contained 500ml of nonpurulent

fluid. The bladder mucosa was hemorrhagic and the
histology showed evidence of severe chronic focal
inflammation in the muscularis and serosa. The kidneys
were focally scarred with a few cysts and showed chronic
pyelonephritis, microscopically. The prostate gland had a
hypertrophied median lobe that impinged on the bladder
neck. Microscopically, focal, infiltrating adenocarcinoma
with perineural invasion, and high-grade intraepithelial
neoplasia were found. A year before the prostate-specific
antigen level had been 2.2 ng/ml (normal o4.0).

Comments

Pulmonary hypertension and pulmonary emboli
The clinical presentation of PE was suggested by the
patient’s recurrent dyspnea, anxiety, and confusion.
Although these symptoms are nonspecific, they can
represent poor cerebral perfusion and portend a poor
prognosis in the setting of PE.8 The hypotension and
hypoxemia were classical presentations for PE. The new
onset of hypocarbia resulting from hyperventilation, is
another possible manifestation of PE.9 Also, hypona-
tremia, representing high antidiuretic hormone levels
(ADH) may have been induced by the hypotension of
PE. Hypotension is a powerful stimulus to ADH
secretion and can over-ride osmolality as a control for
its secretion, particularly in tetraplegic patients.10–12 The
onset of IRBBB by EKG is a recognized sign of PE.
Review of previous EKG tracings revealed right axis
deviation 9 years and 1 year before, suggesting previous
showers of PE (Figure 4). Based on the symptoms and
the EKG trends, the course of PE in this patient was

chronically recurrent, terminating in a potentially
recognizable picture of acute PE. Confirmation by CT
was initially overlooked, partly due to the relative
insensitivity of the technique to subsegmental emboli.
Larger thromboemboli can fragment and migrate
distally before testing is carried out. Pulmonary
arteriography, a more sensitive test and the gold
standard for detection of PE, might have imaged these
small fragments more clearly.13 In this case, PE was
confirmed only at autopsy, which demonstrated micro-
scopic old and new thromboemboli and scattered gross
and microscopic pulmonary infarctions.
Autopsy revealed right ventricular hypertrophy. The

normal weight of the lungs, and the absence of
microscopic evidence of chronic passive congestion,
indicated that chronic left ventricular failure was not the
cause for chronic right ventricular strain. A negative
work-up for acute myocardial infarction (normal
troponin and CK enzyme levels) and the absence of
coronary artery disease and myocardial fiber damage at
autopsy ruled out ischemia as the cause of the EKG
changes – bundle branch block and precordial T-wave
inversion. Restrictive lung disease, evidenced by a
reduced vital capacity without prolongation of forced
expiration, is common in SCI patients,14 but has not
been associated with pulmonary hypertension and right
ventricular hypertrophy in this population. Sleep apnea
is common in the tetraplegic patient15 and conceptually
induces pulmonary hypertension intermittently during
sleep due to hypoxemia. It is noteworthy that, in
pulmonary hypertension of the able-bodied, sleep apnea
is uncommon while pulmonary embolism can account
for half of such cases.16–18

Fatal pulmonary embolism is not often reported in
patients chronically paralyzed due to SCI. Six case
reports have been found in the literature.4–6 These have
all been diagnosed after an acute event. In contrast, the
patient described here presented with recurrent, accu-
mulated PE events, and ultimately fatal pulmonary
hypertension. This course is suggested by the history,
the serial analysis of EKG tracings, and the histopathol-
ogy in this patient. A small percentage of chronically
paralyzed patients do, in fact, develop clinically
detectable deep venous thrombosis, so that fatal PE
remains a threat, though the risk is poorly defined.19 The
challenge of diagnosing PE in the chronically paralyzed
SCI patient is apparent. Autopsy surveys of fatal PE in
the able-bodied show that the majority of cases are
clinically undiagnosed.20

Hypothyroidism
Thyroid disease is more common in the SCI population
than in the able-bodied by an approximate factor of
10.21,22 The small thyroid gland and moderate eleva-
tion of TSH support the diagnosis of hypothyroidism.
The patient’s low serum albumin and pleural and pelvic
fluid collections are consistent with a vascular leak
characteristic of this condition.23 Hypothyroidism also
induces hyponatremia24 and therefore is an alternate

Figure 4 The changing direction of the axis of the QRS
complex on EKG tracings taken serially over a 10-year period
is plotted against time. A right axis trend had developed at the
start of this review period, slowly returned toward the initial
value, then recurred during the last year
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explanation for hyponatremia in this patient. Finally, a
case of PE and hypothyroidism has been reported.25

Thus thyroid disease is another complication to be
aware of in the chronically paralyzed.

Cancer of the prostate gland
Cancer arising from the prostate is uncommon among
spinal cord injury patients.26 A low prevalence is
attributable to those with complete paralysis.27–29 This
protection – possibly by interruption of the sympathetic
neuroendocrine cycle controlling androgen production –
is incomplete, however, with incomplete spinal cord
injuries as in the patient presented.
Carcinoma of any size arising from any site can

predispose to thromboembolic events.30,31 In this
patient, however, the prostate-specific antigen was
within normal range the year prior to his death. In
another possible link, the prostate was impinging on the
bladder neck, creating an obstruction to urinary
drainage and leading to hemorrhagic cystitis. However,
the cystic veins were not examined for a source of
pulmonary emboli.

Conclusion

A patient with long-standing tetraplegia developed
chronic, recurrent pulmonary thromboembolism result-
ing in pulmonary hypertension, which was eventually
fatal. The patient had also sustained chronic hemor-
rhagic cystitis, C. difficile colitis, hypothyroidism, and
cancer of the prostate gland; but the role of these
diseases in the death of this patient was uncertain.
The events of the case suggest that pulmonary

embolism should be included in the differential diagnosis
of dyspnea in not only the acute but the chronically
paralyzed as well. Evidence for pulmonary hypertension
by physical exam, chest films, and review of EKG
tracings should be sought. Echocardiogram might
confirm right ventricular dilation and pulmonary
hypertension. Demonstration of an acute PE by CT
scanning or by perfusion lung scanning may depend
upon the timing of these tests and the rate of
fragmentation and distal migration of the thrombo-
embolus. A search for deep venous thrombosis by venous
Doppler studies is probably useful in the presumption of
PE as the cause of pulmonary hypertension. The
prevalence of pulmonary hypertension due to pulmonary
embolism in the SCI population is not known.
Whether anticoagulation is effective in the treatment

of recurrent thromboemboli is undetermined.32
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