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Pulmonary Hypertension
Caused by Chronic Left Heart
Failure, Obstruction
of Pulmonary Venous Return,
and Parenchymal Lung
Disease

Andrew Farb
Allen P. Burke
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Hemodynamically, pulmonary arterial hypertension is defined as
a systolic pressure in excess of 30 mm Hg or a mean pulmonary
pressure greater than 20 mm Hg; severe pulmonary hypertension
1s prcscnt if the pulmonary sy stolm pressure exceeds 75% of the
systemic arterial systolic pressure. ! There are numerous etiologies
of pulmonary hypertension (Display 20-1); in this chapter, we will
discuss the parhoph} siology and pathology of pulmonary hyper-
tension associated with obstruction to pulmonary venous drain-
age, which usually occurs as a result of structural or functional
abnormalities of the left side of the heart. Less trcquulr the
obstruction is caused by lesions of the pulmonary veins thcm—
selves. Pulmonary hypertension secondary to underlying paren-
chymal lung diseases will also be examined.

The opinions and assertions contained herein are the private views of the
authors and are not to be construed as official or reflecting the views of
the Department of the Army or the Department of Defense.

PATHOPHYSIOLOGY OF PULMONARY
HYPERTENSION CAUSED

BY IMPEDANCE OF PULMONARY
VENOUS DR AINAGE

The normal pulmonary artery systolic pressure at sea level is 18 to
25 mm Hg, the end- diastolic pulm()nar\' artery and mean pul-
monary venous pressures arc 6 to 10 mm Hg, and the mean pul-
monary artery pressure is 12 to 16 mm Hg."? Thus, the normal
arteriovenous pressure difference or gradient, which drives blood
flow across the pulmonary capillary bed, is 2 to 10 mm Hg.
Pulmonary vascular resistance is dependent on the interaction of
multiple variables, including lung tissue mass being perfused,
proximal pulmonary artery obstruction (e4., pulmonary coarcta-
tion, pulmonary Llﬂb()llbnl) intraparenchymal vascular compres-
sion (eg., interstitial edema), blood viscosity, and the cross-
sectional area of arteries, arterioles, veins, and venules.?

In response to an acute increase in pulmonary artery pressure,
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DISPLAY 20-1
OF PULMO

Y YT
IOLOGIES

.Y HYPERTENSION

Impedance of Pulmonary Venous Drainage

Left atrial hypertension
Mitral stenosis or regurgitation
Cor triatriatum
Left atrial myxoma

Elevated left ventricular diastolic pressure

Left ventricular systolic dysfunction
Myocardial ischemia or infarction
Dilated cardiomyopathy

Left ventricular diastolic dysfunction
Myocardial ischemia or infarction
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy
Aortic valvular stenosis or regurgitation
Constrictive pericarditis

Pulmonary venous obstruction
Congenital pulmonary vein stenosis
Anomalous pulmonary venous connections with obstruction
Pulmonary venoocclusive disease
Fibrosing mediastinitis

Impedance to Blood Flow Across the Pulmonary Vascular Bed

Parenchymal disease
Chronic obstructive lung disease
Granulomatous diseases
Connective tissue discases
Pulmonary fibrosis
Amyloidosis
Malignant neoplasms

Pulmonary arterial vascular disorders
Congenital heart disease with left-to-right shunts
Thromboembolic pulmonary disease
Primary pulmonary hypertension
Neoplasms
Persistent fetal circulation in the newborn
High-altitude pulmonary hypertension
Pulmonary hypoplasia or agenesis

Adapted from Grossman WB, Braunwald E. Pulmonary hypertension in heart
disease. In: Braunwald E, ed. Heart disease. Philadelphia: WB Saunders, 1992:790.

the normal right ventricle can generate a systolic pulmonary pres-
sure of 45 to 50 mm Hg. The production of such sustained
pressure eventually determines right ventricular hypertrophy. The
normal left atrial pressure is approximately 6 to 10 mm Hg; as left
atrial pressure rises to 25 mm Hg, the pulmonary artery pressure
increases in equal proportion so that pulmonary vascular resist-
ance is unchanged at a constant pulmonary blood flow. However,
when left atrial pressure increases above 25 mm Hg, there is a
disproportionate increase in pulmonary artery pressure resulting
in an increased arteriovenous pressure gradient and vascular resist-
ance. This augmented hypertensive response of the pulmonary
arterial bed is the result of vasoconstriction.”

There is substantial interindividual variability of vasocon-
striction in response to chronically elevated pulmonary venous
pressure; marked pulmonary hypertension occurs in fewer than
one third of patients with severe mitral stenosis.” Neural factors,
hypoxia-induced arterial vasoconstriction, and airway compres-
sion by engorged pulmonary veins, or compression of pulmonary
arteries by interstitial edema, are probably important factors.” In
contrast to pulmonary venous hypertension, individuals with pri-
mary pulmonary hypertension (PPH) with plexiform lesions have
normal pulmonary capillary and venous pressures (see Chap. 23).
A comparison among representative intravascular pressures in the
cardiopulmonary circulation in normal controls, those with signif-
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icant mitral stenosis with and without pulmonary arterial vaso-
constriction, and those with PPH is depicted in Figure 20-1.

Fluid balance within the pulmonary vasculature, interstitium,
and alveoli is controlled by Starling-law forces, consisting of intra-
vascular and extravascular hydrostatic pressure and intravascular
and extravascular colloid osmotic pressure.®~ In cases of obstruc-
tion of pulmonary venous return or chronic left heart failure, there
is an increase in intravascular hydrostatic pressure. As pressure
rises, fluid and small molecules gain access to the alveolar inter-
stitium; mild increases in interstitial volume are accommodated by
an increase in lymphatic outflow so that no net interstitial fluid
accumulation occurs. However, when lymphatic drainage is no
longer able to maintain fluid balance, interstitial edema results.
The accumulation of macromolecules within the interstitium in-
creases extravascular colloid osmotic pressure, further promoting
the efflux of intravascular fluid into the interstitial space. The
resulting increases in interstitial volume and pressure compress
lymphatics and limit lymphatic drainage. Eventually, when the
interstitial pressure overcomes the alveolar epithelial cell tight
junctions, extravasation of fluid and macromolecules into alveolar
spaces occurs (i.e., edema).

As pulmonary venous pressure increases, the elevated pres-
sure is transmitted retrograde to the pulmonary arterial system
and is augmented by pulmonary arterial vasoconstriction. The
resultant pulmonary arterial hypertension and increased vascular
resistance protect the pulmonary capillary bed and prevent pulmo-
nary edema by way of reduced flow. However, sustained, severe
pulmonary hypertension inevitably results in right ventricular hy-
pertrophy and dilatation with eventual right heart failure.

The main causes of pulmonary hypertension due to obstruc-
tion of pulmonary venous return and chronic left heart failure are
presented in Display 20-1. In general, the most common etiologies
involve left heart dysfunction or abnormalities of the mitral valve
(i.e., stenosis or incompetence), with regurgitation or mixed sten-
otic-regurgitant mitral lesions producing relatively more pulmo-
nary arterial pathology than stenotic lesions alone (Figs. 20-2 and
20-3).>57 Specific disorders of the mitral valve include rheumatic
mitral stenosis and mitral regurgitation due to mitral valve pro-
lapse or endocarditis.

In severe mitral stenosis, in addition to elevated pulmonary
venous pressure, reactive arterial and arteriolar vasoconstriction
has been well described.””” In these patients, signs and symptoms
of right heart failure and low cardiac output (¢4, fatigue, jugular
venous distention, hepatomegaly, ascites, peripheral edema) pre-
dominate over left heart findings (¢,4., dyspnea, pulmonary venous
congestion).” The combination of severe pulmonary arterial hy-
pertension, right heart failure, and low cardiac output may protect
the pulmonary vascular bed from overt pulmonary edema, but it
carries a very poor prognosis.

The most common cause of left ventricular systolic dysfunc-
tion is ischemic heart disease with myocardial scarring secondary
to infarction (Fig. 20-4). Less common causcs of left systolic
failure include cardiomyopathy (£4., idiopathic dilated cardio-
myopathy) and aortic valve disease. Pulmonary hypertension is
produced by way of increased left ventricular end-diastolic pres-
sure and volume associated with passive increases in left atrial,
pulmonary venous, and pulmonary arterial pressures. In most
cases of left ventricular systolic dysfunction, pulmonary hyperten-
sion is not severe unless increased pulmonary vascular resistance
develops.”

Left ventricular diastolic dysfunction (z.e., reduced ventricu-
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FIGURE 20-1. (A) Pressures and flows in the cardiopulmonary circuit under normal conditions. (B) Pressures
and flows in a patient with severe mitral stenosis without pulmonary arterial discase. (C) Pressures and flows in a
patient with severe mitral stenosis with pulmonary arterial disease. (D) Pressures and flows in a patient with primary
pulmonary hypertension with plexogenic lesions. Pressures are expressed in mm Hg for the aorta (Ao), left atrium
(LA), left ventricle (LV), pulmonary arteries (PA), pulmonary capillaries (PC), pulmonary veins (PV), right atrium
(RA), right ventricle (RV), and superior and inferior vena cavae (SVC; IVC). Severe pulmonary hypertension and
right ventricular failure follow the development of pulmonary arterial disease (C, D). (Adapted from Grossman WB,
Braunwald E. Pulmonary hypertension in heart disease. In: Braunwald E, ed. Heart disease. Philadelphia: WB

Saunders, 1992:790.)

lar compliance as a result of ischemic disease, hypertrophic cardio-
myopathy, or restrictive cardiomyopathy) may be associated with
increased pulmonary venous pressures, but severe pulmonary hy-
pertension is uncommon.” Congenital heart lesions, such as cor
triatriatum, congenital mitral stenosis or atresia, and total anoma-
lous venous return are unusual causes of chronic pulmonary venous
hypertension. Rarely, a left atrial myxoma may increase pulmonary
venous pressure by obstructing left atrial emptying. Obstruction
of pulmonary veins in their intramediastinal course by inflamma-
tory and sclerosing processes (i.¢., fibrosing mediastinitis) 1s an-
other uncommon cause of pulmonary hypertension. Whatever the
cause of the pulmonary venous hypertension, the venous and
arterial lesions are not specific for any one entity.

PATHOLOGY OF ACUTE
AND CHRONIC VENOUS
HYPERTENSION OF THE LUNG

Parenchymal Pathology

In acute pulmonary edema due to left cardiac dysfunction, the
lung weight is markedly increased (>1000 g combined weight),
and on cut section, the parenchyma exudes pink, frothy fluid.

Microscopically, the vessels are congested and the interstitium is
distended. Exudation of fluid and macromolecules into alveolar
spaces appears as homogeneous or grainy pink material on hema-
toxylin and eosin staining (see Fig. 20-4A4). Scattered intraalveolar
erythrocytes may be present (see Fig. 20-4B). Morphologic changes
in pulmonary arteries and veins are not apparent in the acute state
(see Chap. 13).

In chronic venous hypertension of left cardiac etiology, the
gross lung is rusty brown to orange as a result of congestion, es-
pecially in centriacinar-centrilobular areas, resulting in a leopard-
spot appearance.® Lung weight is normal unless an acute exacerba-
tion of pulmonary congestion has complicated a chronic process.
Typically, the lung surface is dry, and perivascular fibrosis may be
seen grossly.6 Microscopically, there is interstitial thickening con-
sisting of fine fibrosis and distended capillaries. There is basement
membrane disruption with capillary rupture resulting in extrava-
sation of erythrocytes into alveolar spaces. Focal or diffuse hemo-
siderin-laden macrophages (i.¢., heart failure cells) are often abun-
dant in intraalveolar spaces (see Fig. 20-4C), and extracellular iron
pigment may be seen in pulmonary septa, in pleura, and in the
walls of blood vessels and bronchi. Pulmonary hemosiderosis can
be found in other forms of pulmonary hypertension; therefore, it is
not specific for venous hypertension.

In cases of severe, persistent pulmonary venous hypertension,
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FIGURE 20-2. Cardiac and pulmonary vascular pathology in a patient with mitral stenosis with pulmonary
venous hypertension. (A) At autopsy, the heart had a stenotic mitral valve (arowhead ) and a dilated, hypertrophied
right ventricle (arrows). (B, C) Small pulmonary veins show reduplication of the internal elastic lamina with an
attempt to form a medial layer and marked intimal fibrosis with luminal narrowing. (D) The muscular pulmonary
artery demonstrates medial hypertrophy but no intimal proliferation. (E) The small pulmonary artery has marked
fibrous intimal proliferation, muscularization, and reduplication of the internal elastic lamina (a77ow). (B—E: Movat
clastic tssue stain; intermediate magnification.) (F) Dilated lymphatic channels (L) are adjacent to pulmonary

arteries (arrowheads). (H & E stain, low magnification.)

diftfuse subpleural interstitial fibrosis is common.® Alveoli may be
lined by cuboidal epithelial cells containing large nuclei (i.e.,
metaplasia). Ultrastructural studies have shown that the thick-
ened, fibrotic interstitium consists of swollen endothelial cells,
thickened and split basement membranes, and increased collagen
and elastic fibers.'® Medial and intimal lesions of muscular arteries,
arterioles, and veins are striking in their severity (Fig. 20-5; see
Fig. 20-4D—-F). Although not specific for pulmonary venous hy-
pertension, both intraalveolar microlithiasis and ossification are
seen more often than they are in other forms of pulmonary hyper-
tension.®'® Microliths, also called calcospherites, range in size
from 100 to 600 pm in diameter, consist of calcium phosphate,
and have a uniform, laminated appearance (see Fig. 20-34). They
are typically sparsely scattered throughout the lung fields and
rarely are so numerous as to be recognized on chest x-ray films.
Bony nodules have a knobby character and vary in size from 0.5
mm to several millimeters (see Fig. 20-5F). Organization of intra-
alveolar fibrinous exudates may be involved in the etiology of these
ossifications, but this is speculative.

Pulmonary Vein Pathology

Thickening of venous walls characterized by medial hypertrophy,
fibrosis, and elastosis is the pathologic hallmark of long-standing
venous hypertension.® ' The normally irregularly arranged elastic

fibers in pulmonary veins become organized into an internal and
external elastic lamina (see Fig. 20-4D, E).'! These arterialized
veins are typically associated with medial hypertrophy, and care
must be exercised in identifying these vessels as veins and not
arteries. It helps to remember that muscular pulmonary arteries are
always associated with airways, whereas veins can be best recog-
nized at the periphery of the secondary lobule and interlobular
septae. Hyaline intimal fibrosis of pulmonary veins (see Figs.
20-3A4 and 20-4D) is commonly seen in older individuals but is
probably more severe and more frequently identifiable in chronic
venous hypertension.” ' Within the intimal fibrosis, smooth mus-
cle cells occasionally may be seen. The walls of larger pulmonary
veins are thicker than normal in chronic venous hypertension, and
pulmonary venous varices have been described.®'? Venous intimal
fibrosis secondary to chronic venous hypertension rarely pro-
gresses to occlusion of the vessel.'' Intimal fibrosis and medial
hypertrophy are typically accompanied by adventitial thickening
and fibrosis."' Medial hypertrophy is commonly found in the
lower lung fields, whereas intimal fibrosis is relatively more severe
in the upper lung fields.

The venous changes described above must be distinguished
from pulmonary venoocclusive disease (see Chap. 23). Histo-
logically, the venous involvement in the latter tends to be focal,
and it is characterized by intimal fibrosis resembling organized
thrombi. Fibrous septa within veins vary from fine to thickened
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FIGURE 20-3. Pulmonary vasculature in a 70-year-old man with mitral stenosis and insufficiency, atrial fibrilla-
tion, and congestive heart failure. (A) A low-power view of the lung demonstrates prominent pulmonarv veins with
mnmal proliferation and fibrosis (arrows); microliths are present within alveolar spaces (arrowheads). (B) The large
clastic pulmonar\ artery shows intimal thickening. (A, B: H & E stain; low magmﬁcatlon ) (C D) The muscular
pulmonary arteries have medial hypertrophy and prominent intimal proliferation that is eccentric in C and concentric
in D. Longitudinally oriented smooth muscle cells are seen in D (arrowheads). (C, D: H & E stain; intermediate
magnification.)

collagenous strands containing large endothelialized vascular
channels.

Pulmonary Artery Pathology

The pulmonary trunk and main pulmonar\ arteries are thickened
and dilated in chronic venous hypertension. Microscopically, these
vessels contain increased medial mucopolysaccharides and nor-
mally aligned medial elastic lamellae. Atherosclerosis of these
vessels is common, occasionally accompanied by calcification.®
Rarely, main pulmonary artery aneurysms and, in fatal cases,
rupture of a main pulmonary artery have been described.
Medial hypertrophy of muscular pulmonary arteries and arte-
rioles is perhaps the earliest detectable indication of pulmonary
venous hypertension (see Figs. 20-2D and 20-4F). Normal medial
thickness, as a percent of the arterial external elastic lamina diame-
ter, is 7%.“"? In a study of 20 autopsy patients with pulmonary
venous hypertension secondary to mitral valve diseases, the aver-
age medial thickness was greater than normal in 17, averaging

9.2%.%"* An additional important aspect in the development of

medial hypertrophy in pulmonary venous hypertension is the
muscularization of small arterioles that normally are devoid of a

well-defined medium.'®'* In chronic venous hypertension, a well-
demarcated medium may be seen in arterioles 30 to 50 pm in
diameter and occasionally in those as small as 20 wm in diameter (see
Fig. 20-4F). Medial hypertrophy may take the form of longitudinally
oriented smooth muscle cell layers in the intima (see Fig. 20-3D)
and adventitia between reduplicated internal elastic laminae.®
Within the muscular arterial and arteriolar intima, fibrosis is
commonly seen and is far in excess of the normal, age-related
change.® The intimal fibrosis consists of connective tissue with few
smooth muscle cells and varying amounts of collagen and elastic
fibers. In a few cases, elastosis 1s pronounced and is associated with
deposits of acid mucopolysaccharides.® Occasionally, there is inti-
mal iron deposition and calcification of the internal elastic lamina.
Intimal fibrosis may be eccentric or concentric and rarely demon-
strates an onion-skin arrangement like that seen in congenital left-
to-right cardiac shunts® or PPH. The intimal fibrosis must also be
differentiated from that seen in thromboembolic disease in which
endothelial-lined recanalized vascular channels are typically pres-
ent. Serial sections demonstrate that the length of the vessel in-
volved by intimal proliferation is far greater in cases of chronic
venous hypertension than it is in thromboembolic disease.
Fibrinoid necrosis and inflammatory vasculitis in muscular
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FIGURE 20-4. Pulmonary pathology in congestive heart failure secondary to dilated or ischemic cardiomyopa-
thy. (A) A low-power view shows homogeneous intraalveolar pulmonary edema. (B) There is marked congestion of
alveolar capillaries with intraalveolar hemorrhage. (C) Hemosiderin-laden macrophages are present in the alveolar
spaces. ‘(A—C: H& E stain; low magnification.) (D) The pulmonary vein is hyalinized and thickened with luminal
narrowing. (.Elastl_c tissue stain; low magnification.) (E) The small pulmon(arv vein shows reduplication of the
internal c!astchlamma (arvowheads) and marked intimal smooth muscle prolifcratfon. (Elastic tissue stain; intermedi-
ate mggmﬁcatlon.) (F) Muscularization of small pulmonary arteriole has taken place. (H & E stain; i;ltcrmediatc
magnification.) : 4

FIGURE 20-5. (A—C) Pulmonary vessels from a 76-year-old man with ischemic heart disease and severe chronic
obstructive pulmonary discases and (D—F) from a 90-year-old man with emphysema and pulmonary fibrosis.
(A) The muscular pulmonary artery shows medial and intimal thickening. (Movat elastic tissue stain; low magnifica-
tion.) (B, C) Small pulmonary arterioles demonstrate intimal thickening and marked hyalinization in (C). (Movat
clastic tissue stain; intermediate magniﬁcarion.) (D) The muscular pulmonary artery shows medial hypcrtrophy and
reduplicated internal clastic lamina (arrowhead). (Movat clastic tissue stain; low magnification.) (E) The small
pulmonary artery shows medial thickening, reduplicated internal elastic lamina (arrowhead ), and intimal prolifera-
tion. (Movat elastic tissue stain; intermediate magnification.) (F) An osseous nodule shows interstitial fibrosis.
(Movat elastic tissue stain; low mngniﬁcation.)



pulmonary arteries and arterioles, consisting of infiltration by
polymorphonuclear leukocytes and lymphocytes, have been re-
ported in atypical cases of pulmonary venous hypertension.® At
The Armed Forces Institute of Pathology, we have never observed
vasculitis in chronic venous hypertension. In contrast to intracar-
diac shunt or PPH, dilatation and plexiform lesions are not seen in
cases of chronic pulmonary venous hypertension.®'* The absence
of dilatation or plexiform lesions in chronic venous hypertension is
not easily explained, but it may be related to adventitial thickening,
which prevents the occurrence of arterial dilatation. The arterial
adventitia is thickened by increased collagen deposition and aver-
ages more than twice the normal thickness.*'® Tandon and
Kasturi have reported dilatation lesions in patients with mitral
stenosis, but their illustrations are not convincing.'”

There are conflicting data in attempting to correlate the
severity of pathologic changes in pulmonary arterial and venous
segments with increases in pulmonary artery pressures. Some
researchers have reported a close relationship between the severity
of pulmonary arterial medial thickening and intimal fibrosis with
pulmonary pressures and chest x-ray vascular findings.'®' In a
study of mitral stenosis, medial hypertrophy of small muscular
pulmonary arteries and muscularization of arterioles were seen
only at pulmonary vascular resistances greater than 260 dynes-sec-
cm ™ *; normal is 67 = 23 dynes-sec-cm~ *.>> However, in other
reports, clinicopathologic correlations are quite tenuous, and no
linear relationship between the degree of pulmonary artery hyper-
tension and medial hypertrophy was found.**** The consensus is
that, unlike studies of pulmonary arteries in congenital heart dis-
case, pulmonary artery hypertensive findings in acquired left heart
disease are neither sensitive nor specific for identitying patients
with severe pulmonary hypertension and cannot be used to predict
clinical responses to therapy (e4., mitral valve replacement).

Bronchial Vessel Pathology

Morphologic changes in bronchial arteries and veins are also pres-
ent in chronic pulmonary venous hypertension. In bronchial arte-
ries, there is an increase in longitudinally oriented medial smooth
muscle cells, and bronchopulmonary arterial anastomoses are in-
creased.® In severe cases of venous hypertension, massive dilatation
of bronchial veins may occur in the form of peribronchiolar varices,
which may rupture, leading to hemoptysis.® Bronchopulmonary
venous anastomoses are also increased.”®

Lymphatic Channel Pathology

As a consequence of increased flow in chronic venous hyperten-
sion, pulmonary lymphatics are dilated and increased in number
and demonstrate increased wall thickness.””** Kerly B lines, seen
on chest x-ray films, especially in the lower lung fields, represent
dilated lymphatic channels and interstitial edema.

PULMONARY HYPERTENSION
IN PARENCHYMAL LUNG DISEASES

Chronic Bronchitis and Emphysema

Although pulmonary hypertension is not uncommon in chronic
bronchitis and emphysema,”” severe hypertension is unusual, and
there is no strong correlation between the extent of destruction of
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the alveolar bed and the severity of hypertension. The relative
infrequency of severe pulmonary hypertension in chronic bron-
chitis and emphysema is probably a result of the lung’s large
vascular reserve.® In most cases of obstructive pulmonary disease,
the major stimulus of pulmonary hypertension is probably hy-
poxia-induced vasoconstriction.**"** However, in patients with
very severe airway obstruction and pulmonary hypertension at
rest, there are some data that suggest that vascular narrowing by
medial hypertrophy and intimal fibrosis plays a greater role than
dynamic hypoxic vasoconstriction.** The degree of arteriolar mus-
cularization may be correlated with the severity of right ventricular
hypertrophy.** Right ventricular hypertrophy is more common in
centrilobular than in panacinar emphysema, probably as a conse-
quence of the relatively worse gas exchange in the former (see
Chaps. 26 and 27).2

In chronic bronchitis and emphysema associated with pulmo-
nary hypertension, the elastic pulmonary arteries (i.e., main pul-
monary trunk and its major branches) may demonstrate dilatation,
medial hypertrophy, and atherosclerotic plaques. Muscular pul-
monary arteries show medial hypertrophy (see Fig. 20-54, D),
and there is muscularization of small arterioles, which normally
would not have a well-defined layer of muscular media.*** Intimal
longitudinally arranged smooth muscle fibers associated with re-
duplicated elastic fibers may be seen (see Fig. 20-5D, EB) o232
Intimal fibrosis is uncommon in chronic bronchitis in the absence
of superimposed previous pneumonia, pulmonary fibrosis, or left
heart failure.*

Granulomatous Diseases

These entities may cause pulmonary hypertension by way of the
development of interstitial fibrosis or by direct granulomatous
narrowing and obstruction of the pulmonary vasculature. In pul-
monary tuberculosis, arteries, arterioles, venules, and veins may
demonstrate luminal obliteration in areas close to pulmonary
caseation. In nonobliterated vessels, there may be intimal fibrosis
and mild medial hypertrophy in areas of scarring. Granulomatous
arteritis can also occur (see Chap. 41).

Pulmonary hypertension occurs in approximately 1% to
4% of patients with sarcoidosis and is usually associated with
interstitial pulmonary fibrosis with accompanying destruction of
the vascular bed or, less common, granulomatous vasculitis (Fig.
20-6).*”7*” Pulmonary hypertension due to medial hypertrophy
and intimal proliferation in the absence of vasculitis or interstitial
fibrosis has also been reported (see Chap. 66).*’ Although pulmo-
nary involvement is common in Takayasu arteritis,*" pulmonary
hypertension secondary to granulomatous arteritis is unusual (see

GChap. 70)-

Connective Tissue Diseases

Of the connective tissue diseases, scleroderma is most closely
associated with pulmonary hypertension. Of 30 autopsy cases of
scleroderma reported by Young and Mark,** 14 had moderate or
marked abnormalities of the pulmonary arteries. In 9 of these 14
patients, respiratory symptoms were the predominant manifesta-
tion, with 3 patients having rapidly fatal pulmonary failure. Indi-
viduals with the CREST syndrome variant of scleroderma (z.e.,
calcinosis, Raynaud phenomenon, esophageal dysmotility, sclero-

(text continues on page 212)
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FIGURE 20-6. Pulmonary vascular pathology in sarcoidosis with pulmonary hypertension. (A) Lung from a
45-year-old woman with pulmonary sarcoidosis and pulmonary hypertension (i.e., pulmonary artery pressures
120/45 mm Hg; mean, 52 mm Hg) was seen at autopsy. Noncaseating granulomas surround the vessel. Note the
intimal proliferation and obliteration of the lumen. (Movat elastic tissue stain; low magnification.) (B) Fibrosis and
narrowing of a vein occurs next to a hyalinizing granuloma. (Movat elastic tissue stain; low magnification.) (C) The
muscular pulmonary artery demonstrates medial thickening and marked concentric intimal proliferation not assocl-
ated with granuloma. (D) Concentric intimal proliferation and luminal obstruction are adjacent to a noncaseating
granuloma (arrow). (Movat elastic tissue stain; low magnification.)

FIGURE 20-7. Pulmonary arterial pathology in a young girl with severe scleroderma, pulmonary hypertension,
and biventricular heart failure, with marked luminal narrowing by (A) concentric and (B) eccentric prohfcratl(_)n of
smooth muscle and fibrous tissue in small muscular arteries. (Movat elastic tissue stain; intermediate magmﬁcatlon.)
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FIGURE 20-8. Pulmonary vascular pathology in rheumatoid arthritis.
Medial thickening and mild concentric intimal proliferation occurred in a
medium-sized pulmonary artery from a 54-year-old man with rheumatoid

arthritis, pulmonary hypertension, and cor pulmonale. (Movat elastic tissue
stain; low magnification.)

'Cong

FIGURE 20-9. Pulmonary vascular pathology in interstitial fibrosis. (A) A lo\\'-polwcr view dcmqnstratc§ intcr-
stitial fibrosis (arrows) and numerous intr‘m_l\‘colqr nmcroppagcs (arvowheads). Thgrc is ma.rkc‘d medial and m'nmal\
thickening of two muscular pulmonary arteries with severe fibromuscular hyperplasia of thg intima and narrowing of
the lumen. (H & E stain; low m.lgmflcan()n:) (,B) I,qrgg muscular puln_mnary artery _W“b thickened intima a_nd
media; note prominent smooth muscle cells \\jlthm thc‘mnmm (.H & }::,Stall.]; low magnmcano_n._) (.C’ D) Sm}a‘ll veins
within intralobar septa demonstrating n_:duphcmou of ;hc clastlc_ lamina \\'1_(!1 severe concentric intimal proliferation
and small central lumina. (Movat elastic tissue stain; intermediate magnification.)
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FIGURE 20-10. (A) Nodule of silicosis (S) occurred in a 54-year-old, male sandblaster. (Movat clastic tissue

stain; low magnification.) (B) A higher power shows partial destruction of the media (arrowheads) and focal medial
thickening (a77ow). The concentric intimal proliferation has resulted in a small central lumen. (Movat elastic tissue

stain; intermediate magnification.)

dactyly, and telangiectasia) appear to be particularly susceptible to
the development of severe pulmonary hypertension.**** There are
two forms of pulmonary involvement in scleroderma: interstitial
inflammation and fibrosis, and primary vascular disease. Pulmo-
nary vascular morphology in scleroderma, especially in patients
with the CREST syndrome, consists of medial hypertrophy and
intimal fibrosis with concentric intimal proliferation; obliteration
of the arterial lumen is not uncommon (Fig. 20-7). A double
muscular layer just subjacent to the endothelium may be present,”
but medial thickening is not pronounced. Intimal fibrosis of veins
and acute vasculitis are rarely seen.

Pulmonary hypertension is an uncommon complication of
systemic lupus ervthematosus, and, when present, histology dem-
onstrates intimal fibrosis and necrotizing vasculitis of muscular
pulmonary arteries.**"** Immunoglobulin and complement de-
posits in the walls of pulmonary vessels have been described.”
Patients usually have widespread organ involvement, including

renal disease and Raynaud phenomenon. In rheumatoid arthritis,
the most common cause of pulmonary hypertension is interstitial
fibrosis with medial thickening and intimal proliferation (Fig.
20-8)%7°*; vasculitis of small and medium-sized pulmonary arte-
ries as the etiology of pulmonary hypertension has been pro-
posed.®*~** Pulmonary hypertension occurs frequently in mixed
connective tissue disease, or overlap syndrome, with features of
systemic lupus erythematosus, scleroderma, and polymyositis.*
Interstitial fibrosis, medial hypertrophy and intimal fibrosis of
medium-sized arteries, fibrin thrombi in small vessels, necrotizing
vasculitis, and plexiform lesions have been described.®**® Vessel
wall immunofluorescence staining for immunoglobulin and com-
plement components has been reported.”” Rare cases of pulmo-
nary hypertension secondary to obliterative fibrointimal prolifera-
tion of small pulmonary arteries in patients with polymyositis*”
and dermatomyositis®® have been described (see Chaps. 31
and 67).

FIGURE 20-11. Primary pulmonary amyloidosis in a 40-year-old man with dyspnea and biventricular heart
failure. At autopsy, in addition to amyloidosis of the lungs, there was primary amyloidosis involving the heart,
kidneys, and liver. (A) A muscular pulmonary artery has amyloid deposits in the media and intima (H & E stain; low
magnification.) (B) Polarization of (A) reveals birefringence characteristic of amyloid (Congo red stain; low
magnification. )
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FIGURE 20-12. Primary sarcoma of the pulmonary artery with pulmonary hypertension. A 21-year-old man
with right heart failure had a mass in the pulmonary trunk that extended into the right pulmonary artery. (A)
A whole-mount section of the pulmonary trunk demonstrates a tumor occupying approximately one half of the
lumen. (Movat elastic tissue stain; panoramic view.) (B) A closer view of the tumor reveals a poorly differentiated

sarcoma. (H & E stain; low magnification.)

Pulmonary Fibrosis

Interstitial pulmonary fibrosis is often idiopathic but may be the
end-stage manifestation of a variety of disorders, including pneu-
moconiosis, granulomatous disease, connective tissue disease, or
infectious pneumonitis. Pulmonary hypertension is primarily
caused by hypoxia-induced vasoconstriction rather than direct loss
of pulmonary vasculature. Pulmonary hypertension is common in
pulmonary fibrosis in which there is destruction of the alveolar
capillary bed by the fibrotic process.”'* Muscular pulmonary
arteries demonstrate medial hypertrophy and intimal fibrosis,
and there may be arterialization and fibrosis of pulmonary veins
(Fig. 20-9). In spared areas of the pulmonary parenchyma, vessels
are normal, but capillaries are distended and bronchial arteries are
enlarged. Pulmonary hypertension is an unusual sequela of sil-
icosis in which vessels within or close to silicotic nodules demon-
strate luminal narrowing secondary to medial thickening and
intimal fibrosis (Fig. 20-10; see Chap. 31).

Amyloidosis

In the lungs, amyloid deposits may be seen in the tracheobronchial
tree, in solitary or multiple nodules, or as diffuse vascular and
parenchymal involvement.®’ When clinically present, pulmonary
hypertension is typically caused by cardiac amyloidosis resulting
in increased left-sided pressures and restrictive cardiomyopathy.
Rarely, pulmonary hypertension may be caused by diffuse pulmo-
nary amvloidosis, in the absence of extensive cardiac involve-
mer'lt,‘52 and is typically associated with multiple m_vcloma.“ A case
of pulmonary hypertension from diffuse pulmonary amyloidosis
in the setting of familial Mediterrancan fever has be rcportcdf’“’
Amyloid deposits may be seen in small and medium-sized pulmo-
nary vessels, resulting in luminal compromise (Fig.20-11),and in
the alveolar interstitium (see Chap. 32).%

Malignant Neoplasms

Malignant tumors invading or, less frequently, arising in the pul-
monary vascular compartment may occasionally produce pulmo-
nary hypertension. Bronchogenic carcinoma compressing main

pulmonary arteries,”® lymphangitic spread of primary and meta-
static ncoplasms,(’(’ or metastatic spread along the pulmonary en-
dothelium®” may lead to obstruction of large and small pulmonary
arteries. Sarcomas arising in the main pulmonary arteries may
obstruct right ventricular outflow and result in right ventricular
failure (Fig. 20-12; see Chaps. 56 and 60).°® Histologically,
fibrosarcoma, fibromyxosarcoma, and leiomyosarcoma have been
described.

Miscellaneous Causes of Pulmonary
Hypertension

There are various other miscellaneous conditions that may be
associated with pulmonary hypertension, including fibrosing me-
diastinitis,®”” which may produce narrowing and obstruction of
large pulmonary veins within the inflammatory process medi-
astinum; a common cause is histoplasmosis with necrotizing gran-
ulomas and local scarring, but other cases are idiopathic (see Chap.
74).°7° Other rare conditions that can lead to pulmonary hyper-
tension include toxic oil s_vndr()mc,71 oral contraceptive use,”?
sickle cell disease,” and human immunodeficiency virus infection
(see Chap. 45).”*
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