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Objective - To study the arrangement of the myocar-
dial fiber bundlesat the pulmonary venousleft atrial junc-
tion in patientswith pulmonary hypertension, and to dis-
cussthe pathophysiological importance of thiselement in
the etiol ogy of acute pulmonary edema.

Methods - We obtained 12 hearts and their pulmo-
nary vein extremiti esfrom postmor temexaminationsof pa-
tients with the anatomi copathol ogical diagnosis of acute
pulmonary edema. The specimens, which had no grossly
visible morphological cardiac alterations, werefixedin
10% formalin, and the muscular arrangement of the pul-
monary venousleft atrial junctionswasanalyzed. Thisma-
terial wasthenisolated, embedded in paraffin, underwent
serial cutting (50 pm of thickness), and was stained with
Azam'strichrome.

Results - We observed in our specimensthat: a) the
myocardial fiber bundlesthat originatein the atrial wall
and involve the openings of the pulmonary veins wer e fe-
wer than those observed in healthy material; b) the myo-
cardial fiber bundlesthat extend into the pulmonary veins
wereshorter thanthosefoundin material originating from
individual swith no pulmonary hypertension.

Conclusion - Anatomical changesthat resultinare-
duction in the amount of myocardial fiber bundlesin the
pulmonary venousleft atrial junction, isolated or associa-
ted with other factors, may be the cause of disordersin
pulmonary circulation, leading to an increasein pulmo-
nary venous pressure, and, consequently, to acute pulmo-
nary edema.
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Pulmonary hypertension occurs when the systolic
pressureinthepulmonary artery increasesabove 30mmHg,
hindering the maintenance of cardiac output. Of the types
of pulmonary hypertension, that of stasisor reflux (venous
hypertension) isfrequently the most common, usually re-
sultingfrom cardiac disordersthat impair thenormal draina-
ge of the lesser circulation. The most common exampleis
that of | eft heart failureand mitral stenosiscausing pulmona-
ry venous stasis, with aconsequent increasein pressurein
thisregion'2. However, other causesexist, such aspathol o-
gica pulmonary processes(emphysema, fibrosis, pulmona-
ry thromboembolism, and pulmonary schistosomiasis),
which explain the genesis of secondary pulmonary hyper-
tension. However, theliteraturehasshownthat, in approxi-
mately 10% of the cases, no cardiac or pulmonary causecan
beidentified asbeing involved in the genesis of the disea-
se; in these cases, the disorder iscalled primary or idiopa-
thic pulmonary hypertension. Thelatter isararedisorder of
thepulmonary circulation, usually affecting young and mid-
dle-agedwomen, witharapidandinvariably fata evolution?.
Stuart * reported that the veno-occlusive pulmonary disea-
seoccursinlessthan 10% of patientswith primary pulmo-
nary hypertension, and that the basi c cause of thisdisorder
remainsunknown.

Ontheother hand, several authors have reported that
the myocardial fiber bundles around the openingsand in
thewallsof the pulmonary veinsin different animals, man
included, haveafunctionsimilar tothat of asphincter, who-
seactionwould prevent blood fromreflowing from theatri-
umtothelungsduring atrial systole®°. Someauthorshave
formulated the hypothesisthat the contraction of the pul-
monary veinsassociated with the cardiac activity wouldfa-
cilitateleft atrial filling during diastol %1%, Other authors
havereported that themyocardial fiber bundlesinthewalls
of the pulmonary veinshaveafunctionintheregulation of
the pulmonary venous pressure and of the blood flow
through alterationsin their tonus caused by various phy-
siological or pharmacological stimuli, or both 361213, These
authors have suggested the possibility that the constric-
tion of the pulmonary veinsor morphol ogical aterationsin
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thepulmonary venousleft atrial junctionsmay bethe cau-
se of the acute pulmonary edemawith no cardiac ventri-
cularfailure.

Considering the hypotheses formulated by these au-
thors, in which alterationsin the intrapulmonary venous
pressuremight be caused by modificationsinthestructural
elementsthat constitute pulmonary venousl| eft atrial junc-
tions, we deci ded to use stratigraphy to investigate pulmo-
nary morphology and function during abnormal conditions,
and discussthe possi ble pathophysiol ogical importance of
our findingsintheetiology of acute pulmonary edema.

M ethods

We studied 12 anatomical specimens constituted of
hearts and lungs obtained from autopsies performed at the
Department of Pathol ogy of the CCSintheFederal Univer-
sity of Pernambuco. These autopsies were carried out in
adult femaleand mal e patients, whose anatomi copathol ogi-
cal diagnosis of the cause of death was acute pulmonary
edema. Itisimportant to emphasi zethat only specimenswi-
thnogrossly visibledterationswereincludedin thisstudy.

Theheartswerewithdrawnwiththeir pulmonary ves-
selsand part of their pulmonary parenchyma, and werefixed
in 10% formalin. Then, the left atriawith asegment of the
pulmonary veins were separated from the corresponding
ventricles. Withtheaid of astereoscopic magnifying glass,
theremai ning piecesof the pericardiumwereremoved, and
themyocardial fiber bundleswereexposed. The pulmonary
venousleft atrial junction and the extension of the cardiac
muscleintothepulmonary veinswerecarefully analyzed.

Oncethe pulmonary veinsandtheir junctionswiththe
atria wall wereisolated, thematerial wasembeddedin paraf-
fin, and tangential and longitudinal serial cross-sectional
sampl esof theentire specimen 50 umthick werecut. Thedli-
deswere stained with Azam’strichrome, and were exami-
ned under epi- and transillumination, using amicroscope
and astereomicroscopic magnifying glasswith magnifice-
tionsrangingfrom 5to 50times. Theresultsobtained were
recorded and illustrated by means of sketches and photo-

graphs.
Results

Themyocardial fiber bundleswerefoundtooriginatein
theatria wall and encompassthe openingsof thepulmonary
veins, congtituting atype of sphincter (fig. 1). Part of these
fiber bundles continuesin the walls of the veinsin semi-
circular and obliquetrajectories, in aspiral manner (fig. 2).
Thisbehavior wasbetter evidencedinthesuperior pulmonary
venousleft atrid junctionsthanintheinferior ones, inwhich
most fibers are limited to encircling the openings of the
pulmonary veins. In both cases, we observed that some of
the outermost bundles encompassthe veins closeto their
openings, andreturntotheatrial wall, constituting truemus-
cleloops. However, most fiber bundles end in the venous
wall, wherethey attach tothefibrouselementsof thevessdl’s
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Fig. 1—Cross-section at the level of the opening of the pulmonary veinin theleft
atrium. Notethe bundlesof myocardial fiberswith semicircular trajectoriesaround
theopening of theleft pulmonary vein (arrow). Azam’ strichrome, 45x.

Fig. 2—Longitudinal section at the level of the pulmonary venous left atrial
junction. Note the bundles of myocardial fibers with oblique trajectories,
originating from the left atrium and extending to the wall of the pulmonary vein
(arrow). Azam'’ strichrome, 45x.

adventitia. Thesemyocardia cuffsarelimited to thetunica
adventitia, and extend onan averageof 10mmintothesupe-
rior pulmonary veinsand 3 mminto theinferior ones, being
restricted to theintrapericardial part of thevessels.

Discussion

Several authors have proposed that the cardiac mus-
culature encompassing the openings of the pulmonary
veins has a sphincteral function, which prevents blood
from reflowing during atrial systole 58416, On the other
hand, systolic contractionsof theextrapulmonary portions
of the pulmonary veins have been shownintherat andin
themouse ¥, Likewise, Carrow and Calhoun°,intheir ex-
perimental studies, formulated the hypothesisthat the con-
duction of theelectrical impulsefollowing atrajectory esta-
blished by the cardiac musclein thewall of the pulmonary
veinsmay createaperistaltic or milking actiontowardsthe
heart, therefore, increasing thevenousreturnand atrial fil-
ling. Nathan and Eliakim® reported that the presenceof stria-
ted muscleinthetunicamediaof the pulmonary veinsof the
rat hasled to thesuppositionthat itscontraction associated
withtheactivity of thecardiac musclefacilitatesatrid filling
duringdiastole. Likewise, AlImeidaet al " suggest that the
mechani cal weakening or failure of themyocardial layerin
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thewalls of the pulmonary veins could have an increased
effect onthepressure of the pulmonary capillaries, favoring
stasisand pulmonary edema. Caval canti et al *® reported that
the pulmonary venous |eft atrial junction has amorpholo-
gical substrate capable of playing animportant rolein the
pulmonary circulation, not only preventing venousreflow,
but also controlling intrapulmonary venous pressure and
cardiac performance.

Thesemicircular myocardid fiber bundlesthat encom-
pass the openings of the pulmonary veinsobserved in this
study arefewer than thosereported by Caval canti etal ®in
their study analyzing themateria fromindividualswithno
pulmonary hypertension. Likewise, the extension of the
myocardial cuff of thetunicaadventitiaof thesevesselsis,
on average, shorter than that reported by Nathan and Elia-
kim®and by Caval canti et al 8innon- pathol ogical conditi-
ons. Thisisbecause the myocardial fiber bundles had not
reached the pericardia reflection in any of our cases, lea
ding usto assumethat the reductionin theamount of myo-
cardial fiber bundlesencompassing the opening of the pul -
monary veinsmay hinder their possible sphincteric functi-
on reported by several authors &91518, This might be the
causeof blood reflow during atrial systole.
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On the other hand, we could assume that a shorter
myocardial cuff inthewall of the pulmonary veinswould
weaken the probable milking function of these fiber bun-
dles, as already reported by several authors ™14, This
would elevate pressure, causing blood stasisin thisvascu-
lar area.

It is noteworthy that an important limiting factor of
the present study is the nonexistence of clinical data
confirming the presence of pulmonary hypertension
duringlifeinthe patients studied. In addition, our results
were compared in a subjective manner with those of the
control group, which was constituted of material origi-
nating from autopsies of adult female and mal e patients
with different causes of death, those of cardiopulmonary
originexcluded s,

In conclusion, anatomical alterationsresulting in a
reduction inthe amount of myocardial fiber bundlesinthe
pulmonary venous | eft atrial junction, isolated or in asso-
ciation with other factors, may bethe cause of disturbance
inthepulmonary circulation, resultinginanincreaseinpul-
monary venous pressure, and, consequently, in acute pul-
monary edema.
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