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SUMMARY In many cases of chronic microembolic pulmonary hypertension the source of the emboli
is unknown. Disease or injury to the sinus node is usually accompanied by thrombus formation
within the antrum atrii dextri, and this region is not often inspected carefully during necropsy. In
the present study the hearts of 14 patients with right ventricular hypertrophy or documented
pulmonary hypertension showed disease or injury in the sinus node, and each had both old and
recent thrombosis in the antrum atrii dextri. In all 14 cases both lungs were available for histological
examination. The group included six cases of rheumatic heart disease with mitral stenosis, four cases
of disseminated lupus erythematosus, and four cases of so-called primary pulmonary hypertension.
Every lung contained both new and old microemboli, as well as a wide variety of other histological
abnormalities narrowing the small pulmonary arteries. Many of these narrowing lesions were recognisable as the consequence of prior microembolisation. For future postmortem examination of cases
of chronic microembolic pulmonary hypertension, mural thrombi within the antrum atrii dextri
should be considered as one important potential source for recurring microembolisation to the
lungs.

As a part of many types of cardiac disease, damage to
atrial myocardium can be shown almost as often as it
is carefully sought. Sbderstrom' reported a masterly
review of the subject of atrial infarction and emphasised two points: first, that infarction of the human
right atrium was not uncommon and usually included
the sinus node; second, that all such infarcts were
associated with mural thrombosis, particularly in the
antrum atrii dextri, which consists of the convoluted
recesses lying between the trabeculae of the free wall
of the right atrium and their junctions with the crista
terminalis, very close to the sinus node. Two logical
corollaries to Soderstr6m's observations are a high
incidence of associated atrial arrhythmias, which he
emphasised,' and the possible significance of recurring microembolisation to the lung, which was not a
subject of his study.
Atrial arrhythmias have long been known to be
associated with atrial mural thrombosis, especially if
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atrial myocardial or endocardial disease coexists or if
atrial emptying is impeded as by mitral stenosis.
Atrial arrhythmias are perhaps the surest clinical clue
to atrial infarction, for example in association with
ventricular myocardial infarction.2-4 Unless there is
chronic insufficiency of coronary blood supply, however, the atrial arrhythmias associated with myocardial infarction would be expected to stop and the
mural thrombosis to become either resorbed or effectively covered with endothelium and sealed. On the
other hand, there are certain other causes of atrial
injury leading to arrhythmias and to mural thrombosis which are not transient but instead are long lasting or else continually recur. Examples include not
only the familiar rheumatic heart disease, but also
disseminated lupus erythematosus,5 polyarteritis
nodosa,6 Friedreich's ataxia with cardiomyopathy,7
and so-called primary pulmonary hypertension.8
The present study was undertaken to determine
how often pulmonary microemboli were demonstrable at necropsy in 14 patients found to have
thrombosis in the antrum atrii dextri caused by
chronic disease of the sinus node. All 14 patients had
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either clinical evidence (cardiac catheterisation, physical examination) or postmortem findings (right ventricular hypertrophy) indicative of chronic pulmonary
hypertension. Clinical diagnoses were rheumatic
mitral stenosis (six cases), disseminated lupus
erythematosus (four cases), and primary pulmonary
hypertension (four cases). One essential criterion for
selection of the necropsy cases as described above was
the availability of both lungs for histological examination.
Subjects

Chronic pulmonary hypertension is an important clinical problem in Rheumatic mitral stenosis. Six cases
with this diagnosis were studied. None of these
patients had received cardiac surgery. There were
four women and two men, and their ages ranged from
43 to 75 years. All died of chronic congestive heart
failure with severe pulmonary hypertension. All had
chronic atrial fibrillation, and each of the six had
thrombi in the antrum atrii dextri.
Severe pulmonary hypertension (with microvascular disease) is an infrequent but devastating complication of some cases of disseminated lupus erythematosus. 9
For the present study the lungs were examined from
four cases of lupus in whom mural thrombi were present in the antrum atrii dextri. Three were women and
one a man, with ages of 29 to 49 years.
As a third group, the lungs of four patients dying
with primary pulmonary hypertenso were examined
specifically to search for pulmonary microemboli.
Three (all women) of these four cases have been the
subject of a previous report8 dealing principally with
abnormalities found in their cardiac conduction system; their ages were 29, 31, and 35 years. The fourth
case was a man 28 years old. Criteria for the diagnosis
have been presented in detail8 but briefly included
documented pronounced pulmonary hypertension in

the absence of demonstrable causes such as intracardiac shunting, valvular stenosis, or clinical or postmortem evidence for venous thrombosis. In each of
the four cases there was a variety of abnormal histological processes which caused narrowing of small
coronary arteries (and consequently, focal myocardial
degeneration). In all four hearts there was both old
and recent thrombosis in the antrum atrii dextri adjacent to chronic disease in the sinus node.
To examine the sinus node appropriately the histological sections necessarily include a comprehensive
survey of the entire antrum atrii dextri,' simply
because of its anatomical proximity (Fig. 1). Because
the anterior margin of the antrum atrii dextri is
directly at the junction of the right atrium with its
appendage, mural thrombi in the antrum atrii dextri
are sometimes mistakenly interpreted to be in the
appendage. Methods for this type of histological study
have been reported previously.10 1 ' In all of the present hearts one or more samples of myocardium from
all four cardiac chambers were also examined. For the
pulmonary histological examinations, one or more
representative blocks of tissue were excised from each
of the five lobes of the two lungs; the size of each
excised block permitted sections measuring no less
than 2 by 5 cm in area. Multiple sections were cut
from each block of pulmonary tissue. All sections
were 8 , thick. From every block some slides were
prepared with both Goldner trichome and Verhoeffvan Gieson elastic stains. Selected sections were
stained with the periodic acid Schiff method.

Pathological findings
GENERAL FINDINGS

In all 14 hearts there was focal damage within the
sinus node, some recent (haemorrhage, infarction,
oedema, inflammation) and some old (abnormal
fibrosis, fatty replacement). Except in the antrum atrii

Fig. 1 This drawing illustrates the
location of the antrum atrii dextri of
the human heart, and its anatomical
relation to the sinus node (SN), crista
terminalis (CT), and right atrial
(RA) free wall. The cut depicted
extends from superior vena cava
(SVC) through the SN, perpendicular
to the line of the CT.
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dextri, there were no other mural thrombi in the right
atrium or its appendage. The right ventricle was
hypertrophied in all 14 hearts. A few scattered small
mural thrombi were found in the right ventricles of
three of the 14 hearts, two being from the six patients
with rheumatic mitral stenosis and the third from a
patient with lupus erythematosus. There were no
thrombi on and there was no intrinsic disease of the
tricuspid or pulmonary valves. No peripheral venous
thrombosis was found in any of these 14 patients; it is
recognised, of course, that small peripheral venous
thrombi may have been missed.
Both old and recent evidence of mural thrombosis
was present in the antrum atrii dextri of every heart.
Older thrombi had become organised, some with
myxoid elements and others with lamellar fibrosis
layered within recesses of intertrabecular crevices.
Newer thrombi were adherent over varying lengths of
endocardium, some being attached only tenuously
and appearing to be readily dislodged. Fresh thrombi
sometimes attached over old organised thrombi as
well as directly to endocardium. On gross examination the older thrombi had the appearance of small
lima beans when seen from the endocardial surface of
the right atrium.
Small pulmonary arteries were focally narrowed by
a variety of histological processes in all 14 cases. In
every lung both old and more recent emboli were present in the small pulmonary arteries, most being 1
mm or less in diameter. No effort was made to quantify the number of pulmonary microemboli; they were
present and easily found, however, in every histological section of lung in all 14 cases. Study of 10 or more
serial sections (total distance in any series comprising
about 100 ,) from representative blocks of pulmonary tissue of each of the 14 cases amply showed the
focal nature of the vascular disease, the same pulmonary artery being variably narrowed or widely patent
at different points. Serial sections also helped establish whether a thrombus was antemortem in nature.
Though a number of different abnormalities caused
narrowing of the small pulmonary arteries, the spectrum of arterial changes was consistent within any
given disease group.
RHEUMATIC MITRAL STENOSIS

The variety of pulmonary arterial lesions found in the
six cases of rheumatic heart disease was characterised
primarily by a much thickened tunica media of most
pulmonary arteries of any size. In some of these there
was fibrosis of the medial layer of the pulmonary
arteries and in others there was a variable amount of
intimal proliferation. There was no associated
inflammation within or around these pulmonary
arteries. Examples of degeneration in the sinus node,
clots in the antrum atrii dextri, and the embolic pul-

monary vascular disease from one patient with
rheumatic heart disease (Fig. 2-4) are characteristic of
the findings in all six patients with this diagnosis.
DISSEMINATED LUPUS ERYTHEMATOSUS

Of the four cases of disseminated lupus
erythematosus, there was scattered arteritis present in
the lungs of one but no pulmonary arteritis in the
other three. All four cases exhibited intimal proliferation, old and recent microemboli, and varying degrees
of thickening of the tunica media in the small pulnonary arteries. In no case was the medial hypertrophy
as extensive as in the patients with rheumatic mitral
stenosis. Examples from the sinus node and the lungs
of one of these four patients (Fig. 5 and 6) are characteristic of the group.
PRIMARY PULMONARY HYPERTENSION

Findings in all four cases of primary pulmonary
hypertension were similar, clinical features of three of
these having been reported previously.8 In all four
cases there were narrowing abnormalities not only as
expected in the pulmonary arteries but also in many
small coronary arteries. The coronary lesions were
associated with focal necrosis and both recent and
chronic focal degeneration within and near the sinus
node, associated with the formation of extensive old
and recent mural thrombosis within the antrum antri
dextri (Fig. 7). Microemboli were present in the small
arteries of every lung studied (Fig. 8). There was a
conspicuous absence of medial hypertrophy in the
pulmonary arteries, and there was medial hypoplasia.'2 13 The thin tunica media (Fig. 8) showed little
scarring or fibrosis, but there was rarely some focal
medial degeneration, similar to that seen in the small
coronary arteries. A radial pattern of intimal proliferation14 15 frequently caused distinct narrowing of the
pulmonary arterial lumen (Fig. 8B). Scattered
"angiomatoid" lesions were present in the lungs of all
four cases. There was no evidence of inflammation
within or near any of the pulmonary or coronary

arteries.
Discussion
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For most physicians embolism from the left side of
the heart is a more familiar medical problem than
emboli originating from the right side. This is understandable in part because even small emboli lodging in
the brain or the kidney, for example, have such
dramatic and easily recognised clinical manifestations.
Small pulmonary emboli, on the other hand, can and
usually do escape clinical recognition unless they continue to recur for a long time. That recurrent pulmonary microemboli can lead to serious pulmonary
hypertension has been reported in association with
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Fig. 2 This and Fig. 3 are phowmicrographs of the sinus node and thrombus-fided antrum
atrii dextri fromn one of the patients with rheumatic heart disease. Boxed area in (A)
encompasses a mural thrombus, seen at higher magnification in (B). In evemy
photomicrograph magnification is indicated with a reference bar. Goldner trnchrome stain
here and in evety photomicrograph unless otherwise indicated.

tumour embolisation to the lung'6 17 and with emboli showers of such small thromboemboli can be readily
originating within portocaval shunts.'8 Despite the dissolved or resorbed within the normal pulmonary
general recognition, however, that chronic recurring circulation. For patients in whom microemboli origimicroemboli can be responsible for chronic pulmo- nate in the right side of the heart, however, there are
nary hypertension, experienced investigators have at least two reasons to expect that they may already
emphasised that for most cases the source of such have an abnormal pulmonary circulation. The first
emboli has remained unknown.'920
reason is the frequent coexistence of coronary and
Whether chronic microemboli to the lungs can be a pulmonary arterial abnormalities (both probably
sufficient cause for sustained pulmonary hypertension primary) in many diseases.5-8 The second reason is
if the pulmonary arteries are not already abnormal is the frequent presence of secondary pulmonary hyperuncertain. It is likely, for example, that occasional tension (before chronic microembolisation to the
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lungs) when there is some chronic myocardial disease
leading to left ventricular failure, or when there is
some other cause of impaired pulmonary venous
return to the heart as in mitral stenosis.
In as disparate a group of diseases as rheumatic
mitral stenosis, disseminated lupus erythematosus,
and primary pulmonary hypertension, the present
study shows that there are clearly some cases with
thrombosis in the antrum atrii dextri associated with
microembolisation into the lungs. All 14 of the cases
chosen for the present study had this in common.
How often, however, clots in the antrum atrii dextri
may be present among all patients dying with, for
example, rheumatic mitral stenosis, will require a different study from the present one. The purpose here
was to see how often pulmonary microemboli were
present in patients who were found at necropsy to
have thrombosis in the antrum atrii dextri. The answer in these 14 selected cases was that in all of them
pulmonary microemboli were abundantly present and
must have contributed to either the pathogenesis or
the worsening of the pulmonary vascular disease.
How large a role pulmonary microembolisation
played in the development or progression of pulmonary hypertension must have varied greatly in these
three different diseases. But certain things can be
deduced to be present in all three diseases and all 14

~

cases. Since every heart contained both old and recent
thrombi within the antrum atrii dextri, it seems
highly probable that showers of microemboli were a
recurring problem in all of them. Because of the small
size of individual emboli, it is unlikely that any one of
them accounted for clinically recognisable symptoms.
One may further question whether most episodes
could have been detected in vivo even with more
sophisticated examinations such as isotopic
ventilation-perfusion scans. On the other hand, it is
known from experimental studies that clot fragments
and debris can act as powerful stimuli for intimal proliferation2l22 with inevitable narrowing of arterial
lumens. Thus, in addition to the initial mechanical
obstruction produced by multiple microemboli in
scattered small pulmonary arteries, perhaps only
temporarily in those vessels where active fibrinolysis
was effective, there is the more sustained effect occurring as a consequence of the induced intimal proliferative process. Furthermore, once the endothelium is so
altered, it may be less capable of fibrinolytic dissolution23 of any subsequent small emboli which may
randomly lodge there.
Another type of transient consequence may occur
secondary to the release of serotonin during the process of repeated or continuing mural thrombosis
within the antrum atrii dextri. The release of seroto-
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Fig. 4 Representative examples of
arterial disease found in
pulmonary
these patients with rheumatic heart
disease are shown here (same patient

as Fig. 2 and 3). Embolus seen in (A)
, distends and thins the wall of the
pulmonary artery. An old mixture of

lamellar intimal hyperplasia,
fragmentation of the elastic lamina,
and other thickening processes
,.
P3 virtualy obliterate the lumen of the
a pulmonary artery in (B). The tunica
media is seen between the internal and
external elastic laminae, marked IL
and EL, respectively. Verhoeff-van
I Gieson elastic stain in (A) and (B).
'

nin (and other vasoactive substances) from platelets
would only be expected to occur during the initial
steps in the process of thrombosis. After its release,
serotonin arriving within the pulmonary circulation
would meet with rapid metabolic degradation, but it
should be remembered that the thrombus formation
was probably a continuing or recurring process.
Furthermore, as some of the pulmonary arteries
became structurally abnormal, particularly their
endothelium, the expeditious local destruction of
serotonin there could become impaired. Since the
familiar and powerful constricting effect of serotonin
on the pulmonary circulation must have been

repeatedly introduced, even this transient humoral
influence could become recurrently significant.
Returning to the question of the exact nature of the
functional importance of recurring microembolisation
from the right atrium, it probably differed for each
disease. In the chronic pulmonary hypertension of
rheumatic mitral stenosis, for example, the small pulmonary arteries had already become narrowed by
reactive medial hypertrophy, some smooth muscle
later being variably replaced by fibrosis. Recurring
microemboli from the antrum atrii dextri to the small
pulmonary arteries must seriously compound the
pulmonary hypertension already present because of
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Fig. 5 Gross specimen of right atriwn in (A) illustrates multipk lima bean type of thrombi
(two are indicated with curved arrows) seen in the antrum atrii dextri of a patient with atrial
arrhythmias dying with disseminated lupus erythematosus. Three open arrows mark the
crista terminalis, and the photomicrograph below was prepared from a section cut near the
middle arrow. The ruler is I cm; RAA is right atrial appendage, SVC superior vena cava.

mitral valve obstruction. Chronic atrial fibrillation
would further facilitate clotting in the antrum atrii
dextri.
In disseminated lupus etythematosus clinically important pulmonary hypertension does occur9 but it is
rare. Such cases have sometimes had pulmonary
arteritis.24 Other clinical manifestations of disseminated lupus usually are much more important, such as
the well known ones in the kidneys, the brain, or the
heart. In the four cases of the present study the principal value is the illustration of an association between
clots in the antrum atrii dextri and the narrowing
abnormalities in the pulmonary arteries.
Finally, in those patients with so-called primary
pulmonary hypertnsion the same compounding cycle of
events must be suspected: insidious thrombi in the
antrum atrii dextri forming silently but recurrently,

dislodging to embolise into the small pulmonary
arteries and leading to both direct obstruction and
proliferative stimulation of pulmonary arterial intimal
cells. Chronic pulmonary embolisation is usually considered to be an important differential diagnosis in
such patients, but the source of such emboli has seldom been identified or even suggested. With the
demonstration of such a source in the antrum atrii
dextri, further attention must be directed at this type
of recurring microembolisation. It would not explain
the aetiology of the associated coronary arteriopathy,8
which has been suspected to be a hereditary medial
necrosis. But the coronary arteriopathy causes focal
myocardial degeneration which leads to recurring
mural thrombosis in the right atrium, then to chronic
microembolisation and, eventually, permanent pulmonary arterial narrowing.
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Fig. 6 Microembolism in a small pulmonary artery of the case in Fig. 5 is shown here at
two magnifications.

No claim is made that all microembolic pulmonary
hypertension originates in the antrum atrii dextri, for
the study was not designed to determine what percentage does. What can be said is that in six cases of
rheumatic mitral stenosis, four of lupus
erythematosus, and four of primary pulmonary
hypertension, all of whom had thrombi in the atrum

atrii dextri, each had both old and recent pulmonary
microemboli. For many patients dying with microembolic pulmonary hypertension the source of such
emboli has been emphasised to be obscure or
unknown.1920 Careful examination of the antrum atrii
dextri is clearly merited in all future postmortem
studies of such deaths.
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Fig. 7 The region of the sinus node and antrum atnii dextri are shown here from the heart
of a patient dying with primary pulmonary hypertension. There is degeneration and

haemorrhage in the sinus node (SN in (A)), and an old organised mural thrombus in the
adjacent atrum atrii dextri (AAD, seen in (A) and (B)). Elastic stain in (B). Two typical
pulmonary arteries from this same patient are shown in Fig. 8.
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