A 76-year-old
man is admitted
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chest pain

and shortness
of breath

48 hours

after surgery
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Pulmonary infarction
due to pulmonary embolism

76-YEAR-OLD man whose history included

abdominal aortic aneurysm repair, bilat-
eral femoral artery bypass for popliteal artery
aneurysm, hypertension, and peptic ulcer
disease was admitted to a community hospi-
tal with pleuritic chest pain and shortness of
breath. Two days earlier, he had undergone
repair of a ventral hernia.

At the time of that admission, he reported
no fever, chills, night sweats, cough, or his-
tory of heart or lung disease. His vital signs
were normal, and physical examination had
revealed no apparent respiratory distress,
no jugular venous distention, normal heart
sounds, and no pedal edema; however, de-
creased air entry was noted in the right lung
base. Initial serum levels of troponin and N-
terminal pro-B-type natriuretic peptide were
normal.

At that time, computed tomographic an-
giography of the chest showed segmental pul-
monary emboli in the left upper and right low-
er lobes of the lungs and right pleural effusion.
Transthoracic echocardiography showed nor-
mal atrial and ventricular sizes with no right
or left ventricular systolic dysfunction and a
left ventricular ejection fraction of 59%.

Treatment with intravenous heparin was
started, and the patient was transferred to our
hospital.

I PLEURAL EFFUSION
AND PULMONARY EMBOLISM

Which of the following is true about pleu-
ral effusion?
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(] It is rarely, if ever, associated with
pulmonary embolism

[] Most patients with pleural effusion due to
pulmonary embolism do not have
pleuritic chest pain

[J Pulmonary embolism should be excluded
in all cases of pleural effusion without a
clear cause

Pulmonary embolism should be excluded in
all cases of pleural effusion that do not have
a clear cause. As for the other answer choices:

e Pulmonary embolism is the fourth lead-
ing cause of pleural effusion in the United
States, after heart failure, pneumonia, and
malignancy.!

e About 75% of patients who develop pleural
effusion in the setting of pulmonary embo-
lism complain of pleuritic chest pain on the
side of the effusion.? Most effusions are uni-
lateral, small, and usually exudative.?

Il EVALUATION BEGINS:
RESULTS OF THORACENTESIS

Our patient continued to receive intravenous
heparin.

He underwent thoracentesis on hospital
day 3, and 1,000 mL of turbid sanguine-
ous pleural fluid was removed. Analysis of
the fluid showed pH 7.27, white blood cell
count 3.797 x 10°/L with 80% neutrophils,
and lactate dehydrogenase (LDH) concen-
tration 736 U/L (a ratio of pleural fluid LDH
to a concurrent serum LDH > 0.6 is sugges-
tive of an exudate); the fluid was also sent
for culture and cytology. Thoracentesis was
terminated early due to cough, and follow-
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up chest radiography showed a moderate-
sized pneumothorax.

Computed tomography (CT) of the chest
at this time showed a small wedge-shaped area
of lung consolidation in the right lower lobe
(also seen on CT done 1 day before admission
to our hospital), with an intrinsic air-fluid
level suggesting a focal infarct or lung abscess,
now obscured by adjacent consolidation and
atelectasis. In the interval since the previous
CT, the multiloculated right pleural effusion
had increased in size (Figure 1).

I THE NEXT STEP

What is the most appropriate next step for
this patient?

[] Consult an interventional radiologist for
chest tube placement

[] Start empiric antibiotic therapy and ask
an interventional radiologist to place a
chest tube

[] Start empiric antibiotic therapy, withhold
anticoagulation, and consult a thoracic
surgeon

[] Start empiric antibiotic therapy and
consult a thoracic surgeon while
continuing anticoagulation

The most appropriate next step is to start em-
piric antibiotic therapy and consult a thoracic
surgeon while continuing anticoagulation.

In this patient, it is appropriate to initiate
antibiotics empirically on the basis of his sig-
nificant pleural loculations, a wedge-shaped
consolidation, and 80% neutrophils in the
pleural fluid, all of which suggest infection.
The unmasking of a wedge-shaped consoli-
dation after thoracentesis, with a previously
noted air-fluid level and an interval increase
in multiloculated pleural fluid, raises suspicion
of a necrotic infection that may have ruptured
into the pleural space, a possible lung infarct,
or a malignancy. Hence, simply placing a chest
tube may not be enough.

Blood in the pleural fluid does not neces-
sitate withholding anticoagulation unless the
bleeding is heavy. A pleural fluid hematocrit
greater than 50% of the peripheral blood he-
matocrit suggests hemothorax and is an in-
dication to withhold anticoagulation.! Our
patient’s pleural fluid was qualitatively san-
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Figure 1. Computed tomography shows a wedge-shaped
area of low attenuation suggesting a focal infarction in the
collapsed and consolidated right lower lobe.

guineous but not frankly bloody, and therefore
we judged that it was not necessary to stop his
heparin.

I HOW DOES PULMONARY INFARCTION

PRESENT CLINICALLY? On thoracentesis’
Which of the following statements about 1,000 mL
pulmonary infarction is incorrect? of turbid

[] Cavitation and infarction are more sanguineous
common with larger emboli .

[] Cavitation occurs in fewer than 10% pleural fluid
of pulmonary infarctions was removed

[J Lung abscess develops in more than 50%
of pulmonary infarctions

[] Pulmonary thromboembolism is the most
common cause of pulmonary infarction

Lung abscess develops in far fewer than 50%
of cases of pulmonary infarction. The rest of
the statements are correct.

Cavitation complicates about 4% to 7%
of infarctions and is more common when
the infarction is 4 cm or greater in diam-
eter.* These cavities are usually single and
predominantly on the right side in the api-
cal or posterior segment of the upper lobe or
the apical segment of the right lower lobe,
as in our patient.”® CT demonstrating scal-
loped inner margins and cross-cavity band
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Figure 2. Infarcted lung with alveoli, ischemic necrosis, and
a fibrinous exudate on pleural surface (arrow) (hematoxy-
lin and eosin, x 12.5).

The abscess
was resected,
the fistula

was closed,
and chest tubes
were placed
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shadows suggests a cavitary pulmonary in-
farction.”!

Infection and abscess in pulmonary in-
farction are poorly understood but have been
linked to larger infarctions, coexistent conges-
tion or atelectasis, and dental or oropharyn-
geal infection. In an early series of 550 cases of
pulmonary infarction, 23 patients (4.2%) de-
veloped lung abscess and 6 (1.1%) developed
empyema.!! The mean time to cavitation for
an infected pulmonary infarction has been re-
ported to be 18 days.!

A reversed halo sign, generally described
as a focal, rounded area of ground-glass opac-
ity surrounded by a nearly complete ring of
consolidation, has been reported to be more
frequent with pulmonary infarction than with

other diseases, especially when in the lower
lobes."

I CASE CONTINUED: THORACOSCOPY

A cardiothoracic surgeon was consulted, in-
travenous heparin was discontinued, an inferi-
or vena cava filter was placed, and the patient
underwent video-assisted thoracoscopy.
Purulent fluid was noted on the lateral as-
pect of right lower lobe; this appeared to be
the ruptured cavitary lesion functioning like
an uncontrolled bronchopleural fistula. Two
chest tubes, sizes 32F and 28F, were placed af-
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ter decortication, resection of the lung abscess,
and closure of the bronchopleural fistula. No
significant air leak was noted after resection of
this segment of lung.

Pathologic study showed acute organizing
pneumonia with abscess formation; no malig-
nant cells or granulomas were seen (Figure 2).
Pleural fluid cultures grew Streptococcus inter-
medius, while the tissue culture was negative
for any growth, including acid-fast bacilli and
fungi.

On 3 different occasions, both chest tubes
were shortened, backed out 2 cm, and rese-
cured with sutures and pins, and Heimlich
valves were applied before the patient was dis-
charged.

Intravenous piperacillin-tazobactam was
started on the fifth hospital day. On discharge,
the patient was advised to continue this treat-
ment for 3 weeks at home.

The patient was receiving enoxaparin sub-
cutaneously in prophylactic doses; 72 hours
after the thorascopic procedure this was in-
creased to therapeutic doses, continuing after
discharge. Bridging to warfarin was not ad-
vised in view of his chest tubes.

Our patient appeared to have developed
a right lower lobe infarction that cavitated
and ruptured into the pleural space, caus-
ing a bronchopleural fistula with empyema
after a recent pulmonary embolism. Other
reported causes of pulmonary infarction in
pulmonary embolism are malignancy and
heavy clot burden,® but these have not been
confirmed in subsequent studies.” Malig-
nancy was ruled out by biopsy of the resect-
ed portion of the lung, and our patient did
not have a history of heart failure. A clear
cavity was not noted (because it ruptured
into the pleura), but an air-fluid level was
described in a wedge-shaped consolidation,
suggesting infarction.

How common is pulmonary infarction

after pulmonary embolism?

Pulmonary infarction occurs in few patients
with pulmonary embolism."” Since the lungs
receive oxygen from the airways and have a
dual blood supply from the pulmonary and
bronchial arteries, they are not particularly
vulnerable to ischemia. However, the report-
ed incidence of pulmonary infarction in pa-
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tients with pulmonary embolism has ranged
from 10% to higher than 30%.>'41

The reasons behind pulmonary infarction
with complications after pulmonary embolism
have varied in different case series in different
eras. CT, biopsy, or autopsy studies reveal pul-
monary infarction after pulmonary embolism
to be more common than suspected by clinical
symptoms.

In a Mayo Clinic series of 43 cases of pul-
monary infarction diagnosed over a 6-year pe-
riod by surgical lung biopsy, 18 (42%) of the
patients had underlying pulmonary throm-
boembolism, which was the most common
cause.'®

M RISK FACTORS
FOR PULMONARY INFARCTION

Which statement about risk factors for
pulmonary infarction in pulmonary embo-
lism is incorrect?

[] Heart failure may be a risk factor
for pulmonary infarction

(] Pulmonary hemorrhage is a risk factor
for pulmonary infarction

(] Pulmonary infarction is more common
with more proximal sites of pulmonary
embolism

[] Collateral circulation may protect against
pulmonary infarction

Infarction is more common with emboli that
are distal rather than proximal.

Dalen et al® suggested that after pulmo-
nary embolism, pulmonary hemorrhage is an
important contributor to the development
of pulmonary infarction independent of the
presence or absence of associated cardiac or
pulmonary disease, but that the effect depends
on the site of obstruction.

This idea was first proposed in 1913,
when Karsner and Ghoreyeb!” showed that
when pulmonary arteries are completely ob-
structed, the bronchial arteries take over,
except when the embolism is present in a
small branch of the pulmonary artery. This
is because the physiologic anastomosis be-
tween the pulmonary artery and the bron-
chial arteries is located at the precapillary
level of the pulmonary artery, and the bron-
chial circulation does not take over until the

CLEVELAND CLINIC JOURNAL OF MEDICINE

pulmonary arterial pressure in the area of the
embolism drops to zero.

Using CT data, Kirchner et al’ confirmed
that the risk of pulmonary infarction is higher
if the obstruction is peripheral, ie, distal.

Using autopsy data, Tsao et al'® reported a
higher risk of pulmonary infarction in embolic
occlusion of pulmonary vessels less than 3 mm
in diameter.

Collateral circulation has been shown to
protect against pulmonary infarction. For ex-
ample, Miniati et al" showed that healthy
young patients with pulmonary embolism were
more prone to develop pulmonary infarction,
probably because they had less efficient col-
lateral systems in the peripheral lung fields. In
lung transplant recipients, it has been shown
that the risk of infarction decreased with de-
velopment of collateral circulation."

Dalen et al,’ however, attributed delayed
resolution of pulmonary hemorrhage (as mea-
sured by resolution of infiltrate on chest ra-
diography) to higher underlying pulmonary
venous pressure in patients with heart fail-
ure and consequent pulmonary infarction. In
comparison, healthy patients without cardiac
or pulmonary disease have faster resolution of
pulmonary hemorrhage when present, and less
likelihood of pulmonary infarction (and death
in submassive pulmonary embolism).

Data on the management of infected pul-
monary infarction are limited. Mortality rates
have been as high as 41% with noninfected and
73% with infected cavitary infarctions.* Some
authors have advocated early surgical resection
in view of high rates of failure of medical treat-
ment due to lack of blood supply within the
cavity and continued risk of infection.

Il KEY POINTS

In patients with a recently diagnosed pul-
monary embolism and concurrent symp-
toms of bacterial pneumonia, a diagnosis
of cavitary pulmonary infarction should be
considered.

Consolidations that are pleural-based with
sharp, rounded margins and with focal areas
of central hyperlucencies representing hem-
orrhage on the mediastinal windows on CT
are more likely to represent a pulmonary in-
farct.” |
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