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ARTICLE INFO ABSTRACT

Keywords:
Pulmonary embolism
Pulmonary infarction

Pulmonary infarction results from occlusion of the distal pulmonary arteries leading to ischemia, hemorrhage
and ultimately necrosis of the lung parenchyma. It is most commonly caused by acute pulmonary embolism (PE),
with a reported incidence of around 30%. Following an occlusion of the pulmonary artery, the bronchial arteries

gie;nzgttl{acgfma in are recruited as primary source of perfusion of the pulmonary capillaries. The relatively higher blood pressure in
Prognosis ging the bronchial circulation causes an increase in the capillary blood flow, leading to extravasation of erythrocytes

(i.e. alveolar hemorrhage). If this hemorrhage cannot be resorbed, it results in tissue necrosis and infarction.
Different definitions of pulmonary infarction are used in literature (clinical, radiological and histological),
although the diagnosis is nowadays mostly based on radiological characteristics. Notably, the infarcted area is
only replaced by a fibrotic scar over a period of months. Hence and formally, the diagnosis of pulmonary
infarction cannot be confirmed upon diagnosis of acute PE. Little is known of the impact and relevance of
pulmonary infarction in acute PE, and whether specific management strategies should be applied to prevent and/
or treat complications such as pain, pneumonia or post-PE syndrome. In this review we will summarize current
knowledge on the pathophysiology, epidemiology, diagnosis and prognosis of pulmonary infarction in the setting
of acute PE. We highlight the need for dedicated studies to overcome the current knowledge gaps.

if at all. Nevertheless, recognizing pulmonary infarction is clinically
relevant, both during the diagnostic phase as well as well as for making

1. Introduction

Pulmonary infarction results from occlusion of the distal pulmonary
arteries leading to ischemia, hemorrhage and ultimately necrosis of the
lung parenchyma. It is most often caused by acute pulmonary embolism
(PE), a frequently occurring and potentially life-threatening disease. (1)
The reported annual incidence of PE varies between 75 and 269 cases
per 100,000 persons, and mortality rates as high as 28% have been
described. (1-4) Although the dual blood supply to the lungs, i.e. the
pulmonary and the bronchial circulation, is thought to be protective
against pulmonary ischemia, pulmonary infarction can be found in 10 to
50% of all patients with PE. (5) This wide range is the result of the
difference in definition of pulmonary infarction used in literature, which
varies from pulmonary infarction as a clinical syndrome to a radiological
finding or a histological phenomenon. Literature on this complication is
limited, and pulmonary infarction is scarcely addressed in PE guidelines,

management decisions. For instance, patients with pulmonary infarction
secondary to acute PE may be more likely to present with pleuritic chest
pain and fever, and may more often require hospitalization and targeted
(intravenous) analgesic drugs to manage pain.

In this review we will summarize current knowledge on the patho-
physiology, epidemiology, diagnosis and prognosis of pulmonary
infarction in the setting of acute PE (Fig. 1).

1.1. Pathophysiology

The lungs receive deoxygenated blood from the pulmonary arteries
(low pressure, high flow circulation) and oxygenated blood from the
bronchial arteries (at systemic pressure, i.e. 6 times that of the pulmo-
nary arteries). The function of the pulmonary circulation is mainly gas

Abbreviations: PE, pulmonary embolism; CTPA, computed tomography pulmonary angiography.
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exchange, whereas the bronchial circulation supplies the bronchial
walls, the visceral pleura and the lung parenchyma with oxygenated
blood (next to direct passive diffusion of oxygen in the latter). (6) This
dual blood supply has been thought to be protective against ischemic
injuries of the lungs. Animal models have shown that lung tissue may
stay viable after ligation of the supplying pulmonary artery, where
perfusion is maintained by the bronchial circulation: the bronchial ar-
teries undergo smooth muscle wall hypertrophy and dilate to direct
more oxygenated blood to ischemic lung tissue, and eventually increase
in number. (7,8) Even so, obstruction of a pulmonary artery by acute PE
can cause pulmonary infarction.

Already in 1856 Virchow described necrosis of the lung in areas
distal to pulmonary embolic obstruction. (9) Hampton and Castleman
demonstrated that (embolic) obstruction of a pulmonary artery may lead
to a sequence that begins with hemorrhage into, and edema of, the
alveoli in areas distal to the obstruction. (10) In some cases this is
reversible: the intra-alveolar blood is resorbed in 2-4 days, without
necrosis or residual damage (intra-alveolar hemorrhage or ‘incomplete
infarction’). If not absorbed, the extravasated erythrocytes may begin to
break down into hemosiderin within 1-2 days, at which point actual
necrosis of the surrounding lung parenchyma begins, and ‘true’ infarc-
tion develops. The infarcted area is replaced by a fibrotic scar over a
period of weeks (histologically) to months (radiologically) (Fig. 2).
(10,11)

As initial studies showed a higher occurrence of pulmonary infarc-
tion in patients with a compromised cardiac function, it was hypothe-
sized that chronic pulmonary venous hypertension and impaired
forward flow through bronchial arteries are major contributing factors
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to impaired resolution of alveolar hemorrhage and thus progression to
local necrosis. (10-14)

Dalen et al. showed that emboli in distal pulmonary branches were
more likely to cause pulmonary infarction than more extensive and/or
central obstructions. (11) Virchow described that after ligating a main
pulmonary artery, the collateral flow from the bronchial circulation
enters the pulmonary circulation distal to the site of obstruction (as they
anastomose at the pre-pulmonary-capillary level), supporting Dalen’s
observation. (9) In a central pulmonary artery occlusion, the high-
pressure inflow from the bronchial arteries is distributed throughout
the entire arterial bed of that lung, which allows to absorb this abrupt
influx of bronchial blood. However, in distal PE, the pressure of bron-
chial arterial inflow into the embolized area may be much greater than
this small segment of the pulmonary arterial tree can accommodate
(Fig. 1). At the same time, transient capillary ischemia (as the collateral
circulation may not be immediately functional) leads to increased
vascular permeability. Endothelial cells are known to be very suscepti-
ble for hypoxia (15), however, as the alveoli remain ventilated in PE (i.e.
continued oxygen availability), the endothelial barrier dysfunction may
be the result of an ischemia-induced inflammatory response. (16,17) The
increased blood flow together with the locally increased vascular
permeability causes extravasation of red blood cells into the alveoli. (11)
The resulting intra-alveolar hemorrhage resembles an infarct, but the
tissue structures are preserved and the preexisting lung architecture may
be restored after resorption of the blood. However, if the intra-alveolar
hemorrhage cannot be resorbed (due to inadequate blood flow), tissue
infarction occurs, as was shown in animal models and autopsy studies.
(9,10) Hence, although vascular obstruction wusually leads to
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At 5 months

Fig. 2. Pulmonary infarction on computed tomography pulmonary angiography.
1. Computed tomography axial images in soft tissue setting (A, B) and lung setting (C-E). A: Day 1 at presentation, pulmonary embolism in right lower lobe pul-
monary arteries. B: 5 months later the pulmonary embolism has resolved. C: Day 1 at presentation, regional consolidation in the posterior segment of the right lower
lobe (encircled), and band-like atelectasis in the posterior segment of the left lower lobe. D: 5 months later, residual consolidation in the posterior segment of the
right lower lobe as sign of infarction. The atelectasis in the posterior segment of the left lower lobe has resolved. E: At 2 years, residual scar after lung infarction. Note

that the residual scar is much smaller than the original consolidation.

hypoperfusion and consequently tissue infarction, pulmonary infarction
seems actually rather the result of local hyperperfusion.

Autopsy studies indeed confirmed that most pulmonary infarctions
occurred in PE with their most proximal end reaching into smaller
(subsegmental) arteries (<3 mm in diameter). (13) More studies found
an association with smaller, more distal embolic obstructions and pul-
monary infarction, in both histological (12) and radiological (18) pul-
monary infarction diagnoses. This corresponds with the finding that
pulmonary infarctions are usually adjacent to the pleura.

Following the described pathophysiology, the presence and extent of
local collateral circulation was recognized to play a vital role whether or
not infarction occurs. (9,11,13) It is thought that, although these bron-
chopulmonary anastomoses are present in every individual, they are
usually not functional in healthy conditions. (13,19) When changes in
hydrostatic pressure in the lung vasculature are perceived, for example
when the pressure within a pulmonary artery falls considerably distal to
an embolic obstruction, it is thought that an increase in bronchial blood
flow, together with an increase in vasoactive substances (e.g. nitric
oxide) cause these anastomoses to dilate, allowing blood supply by the
bronchial circulation. (8,19,20)

1.2. Definition of pulmonary infarction

Although ‘pulmonary infarction’ implies necrosis of lung tissue, the
definition of pulmonary infarction in the PE literature is actually het-
erogeneous. In general, three different types of definitions have been
used: a histological phenomenon, a radiological finding and a clinical
syndrome, the latter two not necessarily reflecting tissue necrosis.

The histological definition is primarily based on autopsy findings.
The classical diagnostic feature of acute pulmonary infarction is a well-
defined area of ‘coagulative necrosis’ of lung parenchyma within a zone
of hemorrhage, usually adjacent to the pleura. Coagulative necrosis is a
morphological pattern, where protein denaturation is the predominant
necrotic process with only little enzymatic degradation, leading to
longer preserved tissue architecture following cell death (days to
weeks). Atypical reactive alveolar lining cells and metaplastic cells
adjacent to the infarction are common. The adjacent pleural surface is
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frequently covered by a fibrinous exudate (pleuritis). Thrombi may not
always be readily recognizable histologically. (10,21,22)

Nowadays, both in the literature and in daily practice, pulmonary
infarction is generally diagnosed based on characteristic radiographic
features, usually combined with associated clinical symptoms. These
latter findings differ between the various imaging modalities, and will
be discussed in detail below (see ‘Diagnosis’). (23-25) It is important to
realize that in the acute phase of PE, an accurate differentiation between
alveolar hemorrhage and true necrosis cannot be made with current
imaging studies. (10,11,26) Therefore, if no follow-up imaging is per-
formed to confirm the presence of fibrotic scars, the incidence of pul-
monary infarction is overestimated.

In some papers pulmonary infarction refers to a clinical syndrome, as
proposed by Stein and colleagues in 1981. They classified the clinical
presentation of acute PE in three different ‘syndromes’: 1) pulmonary
infarction, characterized by pleuritic pain and/or hemoptysis; 2) circu-
latory collapse, covering syncope and shock; and 3) isolated dyspnea.
Patients were classified into one of these syndromes according to their
most severe clinical characteristic. (27) Pleuritic pain and in lesser
extent hemoptysis, although with low specificity and sensitivity, indeed
correlate to the finding of pulmonary infarction on imaging or autopsy.
(11,28,29)

It is evident that these different definitions may cause confusion, and
lead to a difficult comparison of the available literature on pulmonary
infarction in PE.

1.3. Epidemiology

Acute thromboembolic PE is the most common cause of pulmonary
infarction, accounting for around two-thirds of the cases. (21) Other
causes of pulmonary infarction include septic or tumor emboli, sickle
cell disease, vasculitis or iatrogenic injury (Table 1). (25)

The prevalence of pulmonary infarction in PE varies greatly in
literature. Based on autopsy findings, pulmonary infarction is present in
15-68% of patients with PE. (13,30) In CT-based studies, pulmonary
infarction has been described to accompany PE in 9-36% of patients.
(5,18,28,29,31,32) Notably, these studies were all performed in the
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Table 1
Causes of pulmonary infarction.
Intravascular Embolic infarction Thromboembolism

Septic emboli
Tumor thrombi
Other emboli: fat, air, amniotic fluid,
cement etc.

In situ occlusive Sickle cell disease

infarction Vasculitis
Leukostasis (as in hematologic
malignancies)
ARDS

Angioinvasion Angioinvasive infections (e.g. Aspergillus,
Mycobacterium)
Malignant invasion

Tatrogenic Malpositioning of Schwann-Ganz catheters
Anastomotic stenosis after lung
transplantation

Pulmonary venous Radiofrequency ablation of left atrium

infarction Fibrosing mediastinitis
Post-lung transplantation

Extravascular ~ Compression Malignancy (e.g. lung cancer, lymphoma)

Aneurysm

Torsion Post-thoracic surgery

acute setting, without confirmation by follow-up scans. Pulmonary
infarction as a clinical syndrome (according to Steins definition)
accounted for 50-65% of all PE cases. (33,34)

Interestingly, an association between the presence of cardiac disease
(especially congestive heart failure) and the development of pulmonary
infarction has been consistently reported. The proposed underlying
mechanism is increased pulmonary venous pressure and decreased for-
ward flow in the bronchial circulation. (11-14) Other described risk
factors in the original reports were the presence of shock (13), chronic
pulmonary disease (14) and malignancy (13,14). Contrarily, more
recent studies have suggested that younger patients without comorbid
cardiopulmonary disease are at highest risk for developing pulmonary
infarction, because of their less evolved collateral system. (18,28,29) It
was suggested that patients with chronic cardiopulmonary diseases have
a more developed collateral circulation, due to ischemic reconditioning
from an increase in collateral angiogenesis in response to chronic hyp-
oxia, which would protect them against developing pulmonary infarc-
tion in acute PE. (29,35) A different hypothesis is that the ability of nitric
oxide (NO) production decreases with age, with higher availability of
NO being associated with more functional anastomoses with exceeding
influx of bronchial flow. (36) Other risk factors for pulmonary infarction
in PE that have been described are smoking and increased body height.
(28) Smoking causes an inflammatory response and increased perme-
ability of the alveolar-capillary barrier, which is thought to increase the
risk of infarction. (21,28) The mechanism that underlies the association
with body height is still unclear. (28) Moreover, in addition to being a
potential direct cause of pulmonary infarction, sickle cell disease is also
a risk factor in developing infarction in PE, as PE leads to hypoxia and
vasoconstriction, which induces sickling and retention of sickled red
blood cells in the peripheral pulmonary vasculature. (37)

The conflicting risk factors found in historical studies versus more
recent literature are likely caused by difference in the applied definition
of pulmonary infarction: the original studies were often autopsy studies,
where only necrosis of lung parenchyma was included, whereas the
recent studies used CT-based diagnoses in the acute phase (with no
differentiation between tissue necrosis and alveolar hemorrhage).
Furthermore, it was proposed that PE with pulmonary infarction is un-
likely to be fatal in patients without comorbidity, as it is associated with
small distal emboli. Although this was not studied, it can be argued that
otherwise healthy people with distal acute PE are less likely to die from
PE and subsequently be less subjected to autopsy than older patients
with cardiopulmonary comorbidities who develop PE, which could be a
major confounder when studying this association. (11,29,34)
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2. Diagnosis
2.1. Clinical symptoms and signs

General symptoms of PE (with or without infarction) include dys-
pnea, chest pain, syncope, hemoptysis, signs of deep-vein thrombosis
(DVT) and palpitations. (27,38-40) For pulmonary infarction in PE, a
classical triad of hemoptysis, pleuritic chest pain and a pleural friction
rub has been proposed, based on its pathophysiological mechanism. (41)
Hemoptysis in PE occurs as a result of the alveolar hemorrhage. Hence,
hemoptysis could be expected to be present in almost all PE patients
with infarction. It is however only described in 13-19% of the patients
with a CT-based diagnosis of pulmonary infarction in PE (5,11,28), and
even less in autopsy studies (5%) (21). Since the extravasation of blood
into the alveoli may extend to the pleura, inflammation of the (insen-
sitive) visceral pleura causes irritation of the parietal pleura, which leads
to pleuritic chest pain and a pleural friction rub. Pleuritic chest pain is
indeed the most frequent observed symptom in CT-defined pulmonary
infarction in PE, along with dyspnea. It was shown that it does occur
more in PE patients with than without infarction: 29% versus 6%
respectively in one study (31) and with an odds ratio of 2.9 (95%CI
1.7-5.2) in another (29). The presence of a pleural friction rub in PE
with versus without infarction has not yet been properly studied, but one
study found a prevalence of 5% in PE patients with infarction, versus no
cases in those without infarction. (33) Furthermore, it was described
that PE with infarction (based on CT) is less often an incidental finding
than PE without infarction (11 vs. 35% respectively). (5) Nevertheless,
pulmonary infarction seems to be overrepresented among patients with
a delayed PE diagnosis, as it may mimic alternative diagnoses. (42) In
distal PE, dyspnea may be absent, and chest wall tenderness may be
observed, indicating a musculoskeletal origin. The exact pathogenesis of
the latter is unclear, but irritation of the intercostal nerves (innervating
both the parietal pleura and thoracic skin) could lead to hyperesthesia in
the cutaneous branches, or local pressure to the chest wall during deep
palpation could stretch the inflamed parietal pleura and thereby elicit
pain. (42,43)

In conclusion, symptoms and findings on physical examination are
neither sensitive nor specific for pulmonary infarction. The incidence of
the proposed ‘classical triad’ has not been studied but is likely to be
seldom found. However, if this triad is present, a PE diagnosis should be
considered.

2.2. Imaging studies

Few studies have focused on the diagnostic accuracy of imaging
features for pulmonary infarction in the setting of acute PE. We will
describe these results in detail for chest radiography, ventilation-
perfusion imaging and computed tomography (Table 2).

2.2.1. Chest radiograph

Chest radiographs are abnormal in most cases of pulmonary infarc-
tion in PE, but the findings are neither sensitive nor specific. (44) The
first described radiologic appearance of pulmonary infarction in PE was
the Hampton’s hump: a wedge-shaped consolidation with a convex
medial border that is always peripherally arranged along the surface of
the visceral pleura. (10) The value of this finding has only been inves-
tigated for diagnosing PE (not for pulmonary infarction in PE), with a
sensitivity of 24% and specificity of 82% (with pulmonary angiography
as diagnostic reference). (45) Atelectasis with elevated hemidiaphragm
was found to be indicative of pulmonary infarction in PE (sensitivity
39%, specificity 91%, with autopsy as reference). (46) Furthermore,
pleural effusion, especially small and unilateral, is often considered to be
the classical chest X-ray finding of pulmonary infarction in PE (sensi-
tivity 18%, specificity 88%, with autopsy as reference). (46,47) The
‘melting sign’ describes the resolution of pulmonary hemorrhage, where
the consolidation tends to gradually melt away toward the pleural
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Table 2
Imaging modalities for pulmonary infarction in acute pulmonary embolism.
Imaging modality Findings Advantages Disadvantages
Chest radiography — Pleural based consolidation (Hampton’s hump) — Cheap — Non-specific
— Pleural effusion - Rapid
— Atelectasis — Widely available
- Elevated hemidiaphragm — No contrast
- Little radiation
— Can be performed at bedside
CT — Hampton’s hump — Modality of choice for diagnosing PE - Radiation exposure

Internal lucency in peripheral consolidation due to necrosis
Presence of an enlarged vessel at the apex of a consolidation
(‘vessel sign’)

Foci of hypo-enhancement in the consolidation

Pleural effusion

Dual energy CT/
subtracting CT
V/Q scan

segmental consolidation

corresponding to a radiographic parenchymal opacity

Perfusion defect on iodine map with correlating parenchymal,

‘Triple-match’: area of matched ventilation and perfusion defects,

Contrast medium related
complications (allergy, renal failure)
Difficult to perform in instable
patients

Direct PE diagnosis
Diagnostic for alternative pathology
3D imaging volume

Detection of smaller vascular
occlusions and parenchymal lesions
Can be used for PE diagnosis

No iodine contrast

Special hardware needed for DECT
Not standardized yet

Non-specific

Radioactive contrast material
Availability dependent on local
circumstances

Note: CT: computed tomography; PE: pulmonary embolism; V/Q: ventilation/perfusion; DECT: Dual energy computed tomography.

surface. This differs from other infectious/inflammatory processes that
typically resolve in an irregular manner. (48) Of note, the literature
discussed in this paragraph is outdated and the level of detail achieved
using advanced computed tomography (CT) techniques completely
surpasses that of chest radiography. Hence, in current clinical practice
chest X-ray has a very limited role in the diagnostic work-up in patients
with suspected PE or pulmonary infarction, although it is still often
applied preceding CT. (44)

2.2.2. V/Q scintigraphy

The ventilation-perfusion (V/Q) lung scan is a noninvasive technique
that has been widely used in the diagnosis of suspected PE for decades,
but is nowadays mostly performed in patients with contraindications for
CT pulmonary angiography (CTPA). (49) In patients with acute PE
without infarction, the ventilation study is usually normal, with absent
or decreased perfusion due to the vascular occlusion (i.e. a V/Q
mismatch). When PE is complicated by infarction, a ‘triple match sign’
may be found: a radiographic opacity accompanied by a defect on both
the perfusion and ventilation lung scan, which are equal in size to the
opacity. (50,51) However, this finding is non-specific, as a ‘triple match’
can also reflect other parenchymal disorders as atelectasis and pneu-
monia, which are more common.

2.2.3. Computed tomography

In recent years, CT has become the imaging modality of choice in
suspected PE. (38) Several chest CT findings have been evaluated for
their ability to diagnose pulmonary infarction. The wedge-shaped,
broad pleural-based parenchymal density with convex, bulging bor-
ders and linear strand directed from the apex of the density toward the
hilum (corresponding with Hampton’s hump on chest radiography) has
been described to be a ‘typical’ CT feature of pulmonary infarction.
(23,52) However, this finding lacks both sensitivity (52%) and speci-
ficity (60%), with a clinico-radiological diagnosis as reference (i.e. pe-
ripheral consolidation with adjacent PE with pleuritic pain or
hemoptysis). (24) It was reported that 95% of the pulmonary infarctions
had foci of diminished enhancement (as a direct reflection of decreased
perfusion of the lungs). (31) A central lucency within peripheral
consolidation is now thought to be particularly specific for pulmonary
infarction (24,31,53), which reflects necrosis with secondary cavitation
(24). This finding has a specificity of 98% and a sensitivity of 46%
(clinico-radiological diagnosis as reference). (24) Other CT findings
described in pulmonary infarction are pleural effusion and atelectasis,
comparable with plain chest radiographs. (25,47)

An often used definition of pulmonary infarction in PE on CT is the
presence of a peripheral wedge-shaped consolidation in a region of (sub)
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segmental PE (Fig. 2). (24) Some argue that demonstration of a
thrombus is not required because, as discussed previously, histological
studies showed that infarcts usually occur in the setting of emboli in
small distal arteries (<3 mm), which may be below the level of detection
on CT. (31,47) As many signs of pulmonary infarction on CT do not
require contrast administration (except for the visualization of the
embolus itself, and the decreased enhancement of the parenchymal
opacity), these can be a clue to the diagnosis of PE in non-contrast
enhanced CT examinations.

New techniques for pulmonary perfusion imaging are promising for
the visualization of pulmonary infarcts and vascular occlusions. (25)
Dual Energy CT (using two different X-ray energy spectra) allows to
form a conventional CTPA plus a static iodine map. The latter represents
a surrogate measure of microvascular circulation and perfusion, and
leads to better detection of peripheral occlusions. (54) In the acute
phase, the iodine map usually depicts relative oligemia in PE, as is the
case in patients with alveolar hemorrhage. In the subacute and chronic
phase, pulmonary infarction mostly shows as a complete absence of
iodine because of the resulting fibrotic scar. (55) The segmental distri-
bution of the perfusion lesions may aid in the differentiation of infarc-
tion from other entities such as pneumonia or tumor. (25) Iodine maps
can also be constructed by subtraction CT (subtraction of a low-dose pre-
contrast scan from the contrast-enhanced scan), which is thought to give
similar results in diagnosing PE (56), but specific assessment of pul-
monary infarction has not been studied yet.

3. Treatment and prognosis

There is no specific treatment for pulmonary infarction. The focus
should be on treating the underlying acute PE with anticoagulation with
supportive care where relevant, including adequate analgesia. As he-
moptysis in PE is usually mild to moderate and self-limiting, anti-
coagulation is not contra-indicated, and can be administered with
adequate monitoring. (57,58) Nonsteroidal anti-inflammatory drugs are
commonly prescribed as initial therapy for pain control, as they do not
suppress the respiratory drive or cough reflex, and may have a beneficial
effect on the pleuritic inflammation. However, in severe cases, narcotic
analgesics may be required. (59-61)

The clinical and radiological features of pulmonary infarction in PE
can be unspecific, and the diagnosis may be incidentally unrecognized
or difficult to differentiate from infection or malignancy. (41) The exact
frequency of this diagnostic confusion is unknown, as it has not been
systematically studied in large cohorts. However, re-evaluations of small
patient cohorts with a delayed PE diagnosis and signs of pulmonary
infarction showed that 34-52% of the patients were initially diagnosed
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with a pneumonia, and 11% with possible/probable lung cancer.
(42,62) Especially when patients present with solitary or multiple
nodules/masses, with clinical predisposing factors as a smoking history,
a malignancy was often suspected. Of note, even the pathological
(especially cytological) features of pulmonary infarction may mimic
lung cancer: malignant appearing cells in all respiratory secretions can
be found, which are thought to reflect reparative hyperplasia in response
to hypoxia-mediated cell damage. (63,64) Distinguishing atypical
pneumocytes from adenocarcinoma is a well-known challenging prob-
lem in pulmonary clinical cytopathology (65), and should always be
correlated closely with all available information (clinical, radiological
and historical). (64) As the latter can be very unspecific in pulmonary
infarction, awareness of this problem is important. (22,66) When a PE
diagnosis is considered, cytology should be performed again at a later
date. Occasionally, a surgical biopsy is required for the definitive diag-
nosis. (64)

Several studies assessed the mortality in PE patients with infarction.
In pulmonary infarction as a clinical syndrome, a lower in-hospital
mortality (0% in pulmonary infarction vs. 25% in circulatory collapse
and 14% in isolated dyspnea) (67) and 15-day mortality (2.5% in pul-
monary infarction vs. 6.2% in circulatory collapse and 6.7% in isolated
dyspnea) (34) were shown as compared to other clinical PE syndromes.
As the clinical syndrome is based on pleuritic chest pain and hemoptysis,
it is thought that these patients present earlier to medical care, and
reflect smaller, more peripheral emboli, explaining the lower mortality.
When using a CT-based diagnosis, most studies did not find any differ-
ence in in-hospital mortality (5,32,68), 30-day (69) and 90-day mor-
tality (68,70) between PE with or without infarction. The 90-day (based
on the clinical syndrome) and 12-month (CT-based diagnosis) incidence
of recurrent PE recurrence was the same for PE patients with and
without pulmonary infarction. (5,34)

It was reported that about half of the patients diagnosed with infarcts
in PE (on angiography) in the acute phase, showed complete clearance
of the radiographic lesions, generally within 3 months. This would
distinguish alveolar hemorrhage from true infarctions, and may impli-
cate overestimating the infarction incidence if follow-up imaging is not
performed. Residual abnormalities on chest radiographs were predom-
inantly linear scars, and to lesser extent pleural diaphragmatic adhesions
or localized pleural thickenings. All residual lesions were diminutive
compared to the original abnormality. On follow-up perfusion scans,
only in 16% of patients complete clearance of infarcts was seen (up to 1-
year follow-up). The persisting perfusion defects were considerably
smaller than at diagnosis, too, and were thought to have no clinical
consequences. (71,72)

Little research has been conducted into the effects of pulmonary
infarction on pulmonary function. It was reported that in hypoxemic
patients with an acute PE diagnosis, those with infarction (based on
chest radiography) had a decreased inspiratory capacity and could not
reverse shunting in contrast to those without infarcts. However, these
deviations gradually recede over about a month after PE. (20) Unless the
infarct is massive, there is little impact on the pulmonary reserve. It is
thought that there is no difference whether a lesion heals slowly leaving
a peripheral scar (true infarction), or more quickly as the alveolar
hemorrhage resolves completely. (31)

Pulmonary infarction may be complicated by cavitation due to ne-
crosis or secondary infection with abscess formation. Cavities may
rupture through the visceral pleura, resulting in bronchopleural fistula
or pleural empyema in case of infection. The infarcted tissue is an ideal
culture medium and may become infected via the tracheobronchial tree
or due to circulating organisms if transient bacteremia occurs. (73-75)
The prevalence of cavitation in PE-related pulmonary infarction is
3.4-7%. (74-76) The mean time to cavitation has been reported to be
14-18 days. (74,75) The main clinical symptoms are fever, purulent
sputum and leukocytosis. Predisposing factors for abscess formation
may be larger infarction, coexistent congestion or atelectasis, dental or
oropharyngeal infection, positive pressure ventilation, central venous
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catheters and an immunocompromised state. (76,77) The incidence of
empyema and bronchopleural fistula is unknown, but is thought to be
extremely rare nowadays. Some advocate an aggressive surgical
approach in management of cavitary infarcts together with antith-
rombotic treatment. (73) Small lesions without additional complicating
factors may be treated with (intensive) medical treatment alone, but in
ongoing sepsis or other complications surgery has to be considered. (77)

Studies on the impact of pulmonary infarction in patients with acute
PE have focused on mortality, recurrent PE and the occurrence of
cavitation and infectious complications. Other patient-relevant out-
comes as the need for analgesic drugs, oxygen therapy and hospitali-
zation in PE patients with pulmonary infarction have not been studied
yet, nor its impact on quality of life and the incidence of the post-PE
syndrome and chronic thromboembolic pulmonary hypertension.
(78-80) These topics are important for functional recovery and should
be subject of future research.

4. Conclusion

Vascular obstruction of the pulmonary arteries paradoxically leads to
local hyperperfusion and alveolar bleeding, which may induce alveolar
necrosis and pulmonary infarction. Recognizing pulmonary infarction is
relevant as it may be an important diagnostic clue to acute PE, patients
may require specific treatment (e.g. analgesia) and the clinical course
may be complicated by fever and pain. Furthermore, pulmonary
infarction may be complicated by cavitation and abscess formation.
However, as the clinical and radiological signs of pulmonary infarction
are unspecific, differentiation from alternative diagnoses can be diffi-
cult. It is important to realize that ‘infarction’ implicates tissue necrosis,
although the term pulmonary infarction in both literature and daily
practice is confusingly used in cases of alveolar hemorrhage as well. The
diagnosis of ‘true’ infarction can only be confirmed by follow-up
imaging.

The impact of pulmonary infarction on mortality and short-term
prognosis seems limited in PE, however the long-term effects are
largely unknown. Several aspects of pulmonary infarction in acute PE
are therefore to be clarified in future studies. In particular, there is a
need for the evaluation of the long-term impact of pulmonary infarction
on (persistent) pain, dyspnea, post-PE syndrome and chronic thrombo-
embolic pulmonary hypertension.
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