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ELECTRON MICROSCOPICAL AND HISTOCHEMICAL STUDIES
ON THE ALVEOLAR-CAPILLARY MEMBRANE IN ACQUIRED

AND CONGENITAL HEART DISEASE

CHAPTER 1
INTRODUCTION

After two hundred years of inconélusive fipdings at the light mi-
croscopic level, it h‘as been established by electron microscopic tech-
niques, that the lung does have a continuous alveolar lining epithelium
(Low and Daniels, 1952; Low, 1953, 1953a, 1954, 1961; Itagi, 1955;
Karrer, 1956, 1956a, 1956b, 1958, 1960; van Breeman and Neustein,
1956; de Groodt, Laguesse, and Sebruyns, 1958; Baker, 1959; Schulz,
1959, 1962; Watson and Valentine, 1959; Kisch, 1960, 1960a; Policard,
Collet, and Martin, 1961; Divertie and Brown, 1964; Nagaishi, Okada,
Ishikc;, and Daido, 1964; §an Breeman, 1965).

The septal wall or the alveolar-c_apillary membrane has been a
subject of much disagreement as to the number and exact nature and
composition of the layers which constitute the wall. The data t}-lat‘ have
been accumulated tend to be confusing due in great part to misused

terminology and interpretation of tissue components. The interpreta-
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tion given by Low (1961) has been substantiated by most workers and
it has provéd to be the most meaningful in this study.

It was suggested in 1936, by Parker and Weiss that many of
the functional observations and clinical findings in mitral steg)osis
could be correlated with morphological findings on gross and light mi-
croscopic. material.l Indeed, Bucci and Cook (1961) demonstrated a de-
creased aiffusing capacity of the pulmonary membrane in twenty four

~patients with increased pulmonary blood flow and suggested that an
alteration of the volume/surface area ratio and/or increased thickness
of the pulmonary capillary membrane might explain the mild increase
in the membrane/intracapillary resistance ratio of change observed

in the patients. At the electron microscope level, Schulz (1956) de-
scribeci changes in endothelial cells accompanied by thickening of the
basement membrane and peri-vascular components in a case of mitral
stenosis. These results were substantiated by Meessen (1956).

The present study was undertaken to obtain data on the mor-
phological changes observed in the alv'eolar-capillary membrane in
patients with functional evidence of acquired and congenital heart di-
sease, particularly those associated with pulmonary hypertension.
Histochemical davta were obtained in order to t;'y to correlate ultra-

“structural findings with histochemical changes, if any. It should be
emphasized that the lung haé Been largely neglected in histochemical

studies, therefore, a comprehensive battery of histochemical reactions
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has been incorporated in this study. However, only the results which
contributed substantially to the ultrastructural findings are included

in the observations.



CHAPTER II
MATERIALS AND METHODS

In the ensuing study, twelve lung biopsies were obtained from
University Hospital clinical patients at thoracotomy; one specimen was
obtained at autopsy.

It is essential that short case histories be included present-
ing the clinical and surgicai procedures employed in obtaining a diagno-

sis for these thirteen patients.

Casel

This thirty-nine month old white male was without symptoms
until the age of nine months. At this time, he developed an upper
respiratory infection and was found to have a heart murmur. This
child exhibited a cyanosis which was increased by exertion or crying.
The patien! also tired easily and had shortness of breath.

Physical examination reveaied a slightly cyanotic individual
with signs of early clubbing. Chest examination showed a bulging pre-
cordium especially on the left. There was no palpable thrill in the pre-
cordium. There was a high pitched, jet-like ejection murmur of grade

IV /VI which radiated to the axilla and clavicle and which was heard
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best at the left sternal border in the second intercostal space.

The electrocardiograms suggested right atrial and right ventri-
cular hypertrophy.

Cardiac catheterization data indicated a right to left shunt but
the site of the shunt was not known. The pressure tracings suggested
that it was not at the ventricular level. Angiocardiograms indicated
an interatrial septal defect with pulmonary stenosis. A post-stenotic
dilatation of the pulmonary artery was noted.

Surgery revealed pulmonary valvular stenosis and infundibu-
lar stenosis just below the valve ring. After resection of the infundi-
bular muscle and pulmonary commissurotomy the post-operative course

has been excellent.

Casell

This ten year old Indian female was admitted to University Hos-
pital for cardiac evaluation. A heart murmur was first noted at six
weeks of age, but shelwas generally asymptomatic apart from moderate
dyspnea and easy fatigability until the last few years during which her
symptoms have become progressively worse.

Pertinent physical findings revealed decreased breath sounds
over the right posterior and lateral areas just below the scapula. A
diffuse point of maximal intensi.ty was heard in the third and fifth inter-
costal spaces, approximately one centimeter from the left sternal bor-

der and extending to the anterior a:iillary line. A grade I_II/VI, harsh
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systolic murmur, crescendo type and radiating to the left shoulder was
- noted in the third intercostal space. A grade IV/\)I systolic murmur
which did not radiate was heard at the apex and fourth intercostal
space one to two centimeters from the left sternal border. The second
pulmonic, with a split second sound, was greater than the second aortic
sound.

Cardiac cathete'rization was performed and the child was diag-
nosed as l;aving a left superior vena cava, a ventricular septal defect
and pulmonary hypertension. Electrocardiograms revealed a right
bundle branch block and right ventricular hypertrophy.

A banding of the pulmonary artery was accomplished at thora-

cotomy at which time a lung biopsy was obtained.

Case Il

This thirty-six year old white male had previously been diag-
nosed as having rheumatic heart disease at the age of fourteen with
subsequent development of mitral stenosis and mitral insufficiency.
He was first admitted to University Hospital fifteen years ago with
complaints of dyspnea on exertion of many years duration. At that
time a closed finger-fracture of the mitral valve was accomplished at
thoracotomy. H;e did well until fourteen years later at which time he
noted fatigue and occasional'epi.sodes of dyspnea. Subsequently he de- |

veloped pedal edema, orthopnea, and hemoptysis.
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The physicé.l findings sﬁowed a few fine basilar rales in the
posterior chest. The point of maximal intensity was at the left mid-
clavicular line with a prominent left ventricular heave. There was
atrial fibrillation on palpation. . A grade III/VI systolic murmur and
a diastolic murmur were audible at the left sternal border. The
second pulmonic sound was accentuated.

A cardiac catheterization was performed during the last ad-
mission at which time a diagnosis of mitral stenosis with pulmonary
hypertension was made.

A lung biopsy was obtained during surgery. The patient did
not re-spond well post-operatively and died on the fifteenth post-opera-
tive day. The findings at autopsy were consistent with the clinical

diagnosis.

Case IV

This nineteen month old white female had been found to have
congenital heart disease at birth. Upon her first hospital admission,
she was diagnosed as having right upper pneumonia, bilateral otitis
n-'1edia, and patent ductus arteriosus with pulmonary hypertension.
Seven months later she was admitted for a division and ligation of the
patent ductus arteriosus.

Her physical findings showed a labored respiratory rate of 150
and she was in moderate respiratory distress. There were decreased

breath sounds on the left side of the chest and rales were heard through-
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out the lung fields. The point of maximal intensity was heard at the
sixth 'intercostal space at the midclavicular line. There was a grade
II/IV systolic murmur over the precordium throughout ti‘xe cyclle.

X -rays showed cardiomegaly with right ventricular predomi-
nance and increased pulmonary vascularity.

Electrocardiograms revealed an inconiplete right bundle branch
block and right ventricular hypertrophy.

Cardiac cat}ueterization data were consistent with a large left
to right shunt.

In spite of successful duct ligation at thoracotomy, pressure
readings indicated that the pulmonary hypertension persisted. Post-
operatively, the patient developed tachycardia. The second pulmonic
sound remained greatly increased and there was a long systoli;: mur-
mur of grade III/IV intensity with a bquestion'ab,l_e diastolic murmur at
the apex. The precordigm was quite active.

Five months later the patient developed bilateral bronchopneu-
monia which did not respond well to treatment and expired two months
later.

At autopsy f;he following observations were made: (1) atresia
of the leff common pulmonarf vein, (2) small interventricular defect,
(3) hypertrophy of the right atrium and right ventricle, (4) enlargement
of the pulmonary arte;y, (5) small patent ductus arteriosus, ligated and

divided.



Case V.

This patient was a fourteen year old white male with a history
of congenital heart disease. A murmur was heard at six months of age
but the family refused treatment until the age of fourteen. At the time
of admission the patient was dyspneic and intolerant of exercise. Cya-
nosis was not present.

Pertinent physical findings revealed palpable peripheral pulses
with a slow upstroke, a plateau, and a slow fall. Reclining blood pres-
sure, measured by auscultation in the upper extremity, was 90/60.
Precordial activity was increased with a strong apical thrust. A de-

“finite systolic thrill was felt over the base, along the left sternal bor-
der, suprasternal notch and over the carotid artery. A harsh ejection-
type systolic murmur of grade III1/IV was heard over the entire chest
radiating well into the great vessels of the neck. There was paradoxi-
cal splitting of the second basal sound.

| Electrocardiograms were indicative of left ventricular hyper-
trophy with some degree of he.art strain.

X -rays were suggestive of a definite left ventricular contour
and possible post-stenotic dilatation of the aorta.

Cardiac catheterization was perférmed and the patient was
diagnosed as having severe aortic stenosis with mild pulmonary hyi)er-

tension.
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At thoracotomy, a subaortic stenosis of the heavy membranous
type was found just below the aortic cusps. The stenotic defect was cor-

rected and the post-operative course has been satisfactory.

Case VI

This fifty-three year old white male with a long history of rheu-
matic involvement had his fi;'s,t attack of acute rheumatic fever at the age
of four, He was without symptoms until fourteen years ago when he suf-
fered a left hemiplegia followed by an almost complete return of function.
Seven years ago, a finger-fracture mitral valvulotomy was performed
after the patient had developed a marked decrease in exercise tolerance,
in addition to an oppressive retrosternal chest pain during times of stress.

Pertinent physical findings revealed a blood pressure of 120/60
with an irregular pulée rate of 60. lPercussion indicated enlargement
of the heart t§ the left and right. The point of maximal intensity appear-
ed in the left fifth intercostal space beyond the midclavicular line. The
first mitral and second pulmonic sounds were accentuated. In addition
to a well localized apical diastolic rumble of grade II/VI, an apical
systolic murmur of grade II/VI was present which radiated to the left
axilla.
| An electrocardiogram showed the following: (1) atrial fibrilla-
tion, (2) occasional ventricular extrasystole, (3) left ventricular hyper-

trophy, (4) primary T-wave changes.
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Cardiac catheterization data and left ventricular angiocardio-
graphy were compatible with a diagnosis of marked mitral sten-osis
and minimal mitral insufficiency of rheumatic origin. Anatomically
the patient had left atrial and right ventricular hypertrophy; physio-
logically the patient exhibited atrial fibrillation and congestive heart
failure. |

The mitral stenosis was corrected surgically and the post-

operative course has been satisfactory,

Case VII

Two months prior to hospital admission, this fifty-four year
old white male was diagnosed'as suffering from congestive heart fail-
urevof insidious onset. At this time, he was found to have atrial fi-
brillation and was started .on digitalis.

Physical examination on this admission showed a blood pres-
sure of 142/60 with an irregular pulse rate of 48. A well localized
grade II/IV diastolic mufmur was heard only in the left decubitus
position. A grade II/IV systolic murmur was heard at the apex; an
opening sound was heard but the second pulmonic sound was not re-
markable.

Electrocardiograms were suggestive of left ventricular hyper-
trophy.

Cardiac catheterization data revealed an elevated pulmonary

wedge pressure indicating mitral insufficiency and stenosis. Pressure
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data from the right heart was consistent with a mild pulmonary hyper-
tension. Mitral stenosis was the predominant lesion with moderate
mitral and aortic insufficiencies.

Surgical procedure revealed a moderately to markedly steno-
tic mitral valve. The stenosis was of a fibrous type. There was no
gross evidence of either mitral or aortic insufficiency.

After commissurotomy, the post-operative course has been

satisfactory,

Case VI

The patient was an eleven year old white female who had a
diagnosis of patent ductus arteriosus with a reversal of flow and pul-
monary hypertension. This diagnosis was confirmed by’cardiac cathe-
terization and angiocardiography.

Pertinent physical findi;xgs revealed a blood pressure of 136/84
with a regular pulse of 84. The chest was clear to auscultation and per-
cussion. The heart rhythm was regular; the poiht of maximal intensity
was three centimeters lateral to the midclavicular line. A grade II/VI
aiastolic murmur wa§ heard maximally at the left sternal border in the
second intercostal space. The pulmonary second sound was greatly
accentuated. The other physical findings and laboratory data were with-
in normal ranges.

A bilateral pulmonary artery banding‘ was accomplished and a

lung biopsy was obtained during the surgery. The patient responded
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well post-operatively and is being followed in the out-patient and cardio-

logy clinics.

CaseIX

This eleven year old white female was admitted to the hospital for
evaluation of a heart murmur. A year earlier, the patient began having
episodes of dizziness and fatigue and had noteci a gradual development
of shortness of breath. Two months prior to admission the patient com-
plained of chest pain and a smothering sensation during rest and exer-
cise. Since that time, the patient has had fever once or twice weekly.
Six weeks prior to admission the patient's left knee became swollen and
warm but these signs disappeared spontaneously two days later.

At the time of admission, a physical examination showed a
blood pressure of 118/78 and was unremarkable except for a grade
IV/VI middle to late diastolic crescendo murmur heard at the apex
which radiated throughout the left hemithorax. A gradelIIVI systolic
murmur was heard at the apex with a systolic opening snap. The physi-
cal diagnosis was indicative of mitral stenosis with a question as to
. whether this was of rheumatic or of congenital origin.

Cardiac catheterization data indicated pulmonary arterial hyper-
tension but a shunt was not demox;strated.

Commissurotomy was performed and the post-operative course

has been satisfactory.
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Case X

This sixty-four year old white male with a chief complaint of
slight dyspnea on exertion was admitted to University Hospital for
cardiac catheterization and cardiac evaluation. Fifteen years earlier
the patient had received 1131 treatment for Grave's disease. Thirteen
years after this the patient began receiving dessicated thyroid for hypo-
thyroidism. One year prior to this admission the patient suffered an
acute myocardial infarction, became hypoter;sive é.nd déveloped con-
gestive heart failure. Digitalis treatment was begun and the patient
developed a loud systolic murmur which was thought to be caused by
papillary muscle rupture.

The physical examination at this admission revealed a blood
pressureof 130/90 'with a regular pulse of 80. The patient exhibited
marked exophthaimus and was unable to move the left eye upward and
llz‘terally. Thé jugular vein was large and pulsatille. Decreased breath
sounds and dullness were noted at the right lung base. The heart was
slightly enlarged to the left with a prominent epigastric impulse. A
loud harsh pansystolic murmur with a thrill was heard maximally atl
the apex. A grade IV second sound was widely split. Pedal pulses
were palpable and questionable clubbing was noted.

X-ray examination revealed cardiomegaly, a prominent right

ventricle and increased pulmonary vasculature.
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The electrocardiogram showed an old anteroseptal and antero-
lateral myocardial infarction with complete right bundle branch blockv.

Cardiac catheterization data revealed a small left to right
shunt which suggested a ruptured interventricula:r septum secondary
to the myocardial infarction. Cineangiocardiograms demonstrated mild
to moderate left to right shunt in the lower interventricular septal region.
Because of the left to right shunt the pulmonary wedge pressure was at
the upper limits of normal or slightly elevated. There was no mitral
regurgitation.

;I‘he septal defect was repaired with Teflon felt during surgery

and the post-operative condition has been good.

Case XI

This sixty-nine year old diabetic white. female was referred to
University Hospital for evaluation of a solitary mass in the upper lobe
of the right lung which was discovered during hospitalization for con-
gestive heart failure. Two years prior to this admission a mass, diag-
nosed as undifferentiated spindle cell sarcoma (pfobably liposarcoma or

' rhabdomyosarcoma) was removed from the distal part of the left thigh.
Two months later a recurrent mass was excised from the scar. Seven
months later a high amputation was performed for a second tumor re-
currence. There was no history of hemoptysis or chest pain and the
patient was without signs or symptoms until a year and a half later when

the lung mass was discovered. A metastatic survey was negative and



16
planigrams revealed only the solitary pulmonary lesion.

The admitting diagnosis was as follows: (1) metastatic sar-
coma in the right lung, (2) well compensated atherosclerotic heart
disease with congestive heart failure., (3) senile diabetes mellitus.

Physical diagnosis revealed a blood pressure of 160/70 with
a regular pulse of 84. The lungs were clear to auscultation and per-
cussion. The heart showed a grade III/VI systolic murmur radiating
to the neck which was heard best at the left sternal border in the
seventh intercostal space.

Electrocardiographic findings indicated left ventricular hyper-
trophy with primary T-wave changes.

No cardiac catheterization data were obtained from this

patienf:. -

A right upper lobectomy was performed. At surgery neither °
pleural or gross nodal involvement was noted. There was no evidence
of mediastinal extension. The biopsy was obt;ained at a site free from
tumor involvement.

The surgical pathology report diagnosed the tumor mass as a
metastatic malignant spindle and giant cell tumor consistent with rhab-
domyosarcoma of the right upper lobe. The resected margin was free

of tumor.

The patient was discharged fifteen days post-operatively.
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Case XI1

This eleven year old white female has had numerous hospital
admissions for chronic lung disease, pneumonia, and other congenital
anomalies. In addition to the above disorders the patient had an admit-
ting diagnosié of congenital spherocytosis, right hemiparesis due to
cerebro-vascular accident, mild fnental retardation, blindness in the
left eye due to vitreous hemorrhage; pulmonary fibrosis of unknown
etiology, and coarctation of the aorta.

Family history revealed that one sibling had chronic lung
problems, that another died at fifteen months of age from pulmonary
fibrosis (pneumocystis carnii), and that the mother was known to have
spherocyfosis. |

Physical examination revealed a blood pressure of 135/90
in the right arm and 120/65 in the left arm. The pressure in both
legs was 90/60. The chest showed some increase in anterior-
posterior diameter., There were no rales but occasional coarse
rhonchi were heard in the posterior lung fields. The point of maximal
inj:ensity was in the midclavicular line of the fifth intercostal space
with some apical thrust. A thrill was not present. A systolic mur-
mur was heard at the base which radiated into the neck; it was also
well heard over the back. A grade I/II systolic murmur was heard
over the pulmonary valvé area.

X-ray revealed generalized pulmonary fibrosis and emphysema.
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Because of the prominent pulmonary inlvolvement, lung biopsies
were obtained for histopathologic and electron microscopic evalgation at
this time. The sp.rgical pafhology findings indicated a minor degree of
interstitial fibrosis with slight pleural thickening.

At a later time, cardiac catheterization data were obtained for
evaluation of the aortic coarctation. The cardiac catheterization data
indicated no intracardiac communication. Pressures in the right heart
were essentially in the normal range. ‘Systolic pressures in the left
ventricle, ascending aorta, and left brachial artery were elevated. =~ | _
Pressur'e recordings across the area of coarctation revealed a gradient
of 50-60 mm. of mercury. These data were consistent'with the admit-

ting diagnosis of coarctation of the aorta.

This one year old white female wa§ admitted with a cli—-rrica‘l
dié.gnosis of congenital mitral stenosis. Since the age of three months,
the patient had exhibited cyanotic episodes lasting up to five minutes and
associated with breath holding. Respiratory distress was not apparent
during 'these periods. A heart murmur was found three weeks prior to
admission.

Physical examination revealed an asymmetrical thorax with
prominence of precordium and left chest anteriorly. The lungs were

clear. A grade III/IV systolic murmur was heard over the fourth to

fifth intercostal space at tlie left sternal border and also over the pre-



19
cordium to the axillary line and upward along the left sternal border.
Pulses were equal. The liver was palpable four fingerbreadths below
the right costal margin.

Chest x-ray with barium swallow showed moderate cardio-
megaly with a very large left atrium and hypertrophy of the right
ventricle.

The electrocardiogram showed right axis deviation.

Cardiac catheterization data revealed increased pressure in
the pulmonary vein, right ventricle, and pulmonary artery.

At surgery, an enlarged left atrium and right ventricle with a
very small mitral valve was found. There was questionably some
sclerotic changes in the pulmonary artery.

Post-operative condition was poor and after being taken off
the pump, the heart rate slowed and effective systemic pressures
could not be maintained. The patient was put on a bypass pump and
drugs were given. Despite these measures, the patient took a pro-
gressive downhill course and expired.

The lung specimen was taken thirty to forty-five minutes after
death.

The cardiac catheterization data can be found on pages twenty,

twenty-one, and twenty-two.



TABLE 1

CARDIAC CATHETERIZATION DATA

CASE 1 CASE 11 CASE 111 CASE 1V CASE V CASE V1 CASE V11
SvcC - - m 12 - - - -
RA - 2 13 - - - -
mb5 m 2 m 10 m 4 - m 6 m 8
RV 114/10/0 110/0/10 98/0/13 75/0 - 36/6 43/0/7
RPA - 120/57 - - 22/9 - -
- m 85 - - m 16 - -
LPA 12/4 - 100/40 - - - -
m 8 - m 65 - - - -
MPA 12/4 105/45 93/45 80/48 - 44 /7 42/18
m 8 m 70 m 65 m 60 - m 26 m 30
WEDGE - - - - 14/5 27 -
- mb5 m 30 - m9 - - m 18
. BA 98/55 102/65 140/80 - 90/50 - -
m 73 - m 100 - m 70 - -

SVC - superior vena -cava; RA - right atrium; RV - right ventricle; RPA - right pulmonary artery;
LPA - left pulmonary artery; MPA - mean pulmonary artery; WEDGE - wedge pressure; BA -

brachial artery; m - mean.

All readings are in millimeters of mercury.

0¢



TABLE I

Continued

CASE VIII CASE IX CASE X CASE XI__ CASE XII CASE XIII
SV.C - - m 4 - -
RA’ 5 - - - -
m 3 - m 4 m 2 -
RV 140/0/10 53/0/3 49/2/4 - -
RPA 140/80 47/28 - 20/8 -
m 100 m 37 - m 14 -
LPA 130/75 - - . .
‘ m 100 - - ) .
MPA - 48/22 42/22 24/8 -
- m 35 m 30 m 14 -
WEDGE - 31/16 - B} .
m 4 m 24 m1l3 - -
BA 130/75 - 132/85 170/60 -
m 100 - m 105 m 90 -

SVC - superior vena cava; RA - right atrium; RV - right ventricle; RPA - right pulmonary

artery; LPA - left pulmonary artery; MPA - mean pulmonary artery; WEDGE - wedge pressure;

BA - brachial artery; m - mean. All readings are in millimeters of mercury.

12



TABLE I

Continued

PERCENT OXYGEN SATURATION

CASE NUMBER

1 I 111 IV. V VI VII  vil IX X X1 XII
SvC 58 72 65 53 77 - - - 65 56 - -
RA 59 78 43 49 15 - - 83 66 53 - -
RV - 83 62 63 . - - - 76 66 68 - -
RPA - 83 - - 75 - - 77 66 - - -

"LPA 60 - 62 - - - - - - - - -
MPA 60 83 64 70 - - - 75 63 70 - -
WEDGE - - - - 93 - 91 - 100 - - -
BA 81 - 97 - 99 - - 99 - - - -

97

SVC - superior vena cava; RA - right atrium; RV -
artery; LPA - left pulmonary artery; MPA - mean pulmonary artery; WEDGE - wedge
pressure; BA - brachial artery.

right ventricle; RPA - right pulmonary

(44
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At the time of thoracotomy, the lung biopsy was obtained which
was immediately fixed in the following manner. For electron micro-
scopic study, a piece of the tissue waé cut into small pieces and fixed
in Zetterqvist's fixative (Rease, 1964) for a period of forty five minutes
to one hour. The procedure used for Maraglas embedding was the one
developed by Freeman (1963). The Epon embedding procedure of Luft
(1961) was utilized with the following modification: sevefx parts of the
Epon mixture ""A'" plus three parts of mixture '"B' was used as the final
embedding resin to produce a somewhat softer block. This embedding
mixture had been found previously in this laboratory to enhance thin
sectioning of lung material.

The specimens for electron microscopic observations were
sectioned with the Porter-Blum ultramicrotome fitted with a Du Pont
diamond knife or with glass knives.

After procuring thin sections on formvar coated grids, they
were staiined using various electron staining procedures: Watson's
lead hydroxide stain (1958), Watson's saturated uranyl acetate- stain
(1958a), Millonig's lead tartrate stain (1961), Reynold's lead citrate
stain (1963), Callahon and Horner's vanadatomolybdate staiﬂ (1964),
Pease's five per cent uranyl acetalte stain (1964). The stain employed
has been designated in the plate desc‘riptions.

The ultrathin sections were examined with an RCA EMU-3F

electron microscope.
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‘When desired fields were viewed in the electron microscope,
photographic plates were exposed to the electron beam to secure
electron micrographic data.

In the histochemical and cytological study, seven different fix-
atives were employed for each biopsy. These were: ten per cent neu-
tral-buffered formalin, Bouin's solution, Carnoy I solution, calc;ium
acetate-formalin, alcohol-neutral formalin, calcium-formol, and
cetyl pyridinium-formalin (Pearse, 1960; Barka and Anderson, 1963).
For some of the enzyme and lipid studies, it was mandatory to use
frozen sections, and the specimens were immediately frozen on dry
ice and stored in the deep freeze at -30° C. until appropriate sec-
tions were cut on the International Harris Cryostat, Model CT. Op-
timal times for fixation were used for all of these fixatives. Due to
the small size of the lung biopsy, in some cases, it was necessary to
omit several of the fixatives.

With the exceptions of the calcium-formol fixed specimens
and the fresh frozen blocks, all of the tissues were embedded in Pa-
raplast. Seventy five to one hundred slides were prepared from every
fixative from every biopsy procured. Paraplast embedded tissues for
empirical cytological staining and for some histochemical procedures
were sectioned at four to ten micra on a Minot rotary microtome.

The calcium-formol and fresh frozen sections were cut at six to

twelve micra on the cryostat.
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The histochemical study was initially undertaken to obtain a
comprehensive battery of reactions on lung. The histochemical methods
and modifications and the empirical cytological methods, which were
used routinely to augment and clarify some of the histochern_ical data ,
have been listed in Appendix A,

Photomicrographic data were obtained from selected histo-
chemical and cytological procedures which could be correlated with
ultrastructural findings.

The light microscopic apparatus consisted of. the Zeiss photo-
microscope which was suited for microscopy and photomicrography
with trans- and epi- illumination as well as fo.r work with polarized
light. This photomicroscope was particularly valuable in that the
operator could té.ke a series of properly exposed photographs in rapid
seccession of lab'ﬂe histochemical reactions. . The following accou-
terments were utilized in taking color photomicrographs: (1) a blue
filter, (2) a neutral density filter, when desired. A red-green fil-
ter was utilized in photographing specimens for black and white

exposures.,



CHAPTER III
OBSERVATIONS

Casel

This patient had pulmonary stenosis with no pulmonary hyper-
tension and served as a functional cont;-ol in this study. The figures
for all the cases were included in Appendix B.

The lumina of the capillaries were continuously lined by endo-
thelial cells'. The cytoplasmic extensions were normally quite thin in
this case. The endothelial lining was not widened although in compari-
son with the alveolar epithelial lining, it did appear more prominent
(Figures 1 and 2). Vesicles and ribosomes were dispersed throughout
the cytoplasm, but large pinocytotic vesicles were not evident.

Both the capillary endothelial and the pulmonary epitheiial
cells rested on distinct basement membranes. These membranes
had two components, an inner lamina densa, which faced the perivas-
cular space, énd a translucent lamina lucida_, which rested upon the
plasma membranes of the endothelial and epithelial cells, The capil-

lary basement membrane was slightly thicker than that of the atten-
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uated alveolar basement membrane (Figuré 1 and 2). In some in-
stances, both basement membranes merged into the perivascular
fiber components (Figures 1 and 3).

The perivascular space included the area which was situated
between the two basement membranes. Collagen, reticular fibers,
ahd mesenchymal cell derivatives were observed in the perivascular
space (Figure 2). However, there were no largé increments of these
three components in this functional control. There may have been
some.edéma present in Figure 2, but the wall was still not thicken-
ed appreciably.

It has been suggested thaé the pulmonary surface lining con-
sists of two cell types, the alveolar type I cell and the alveolar type
II cell. The alveolar type I cell forms the attenuated flattened epi-
thelial layer. Cellular organelles and nuclei are infrequent, but when
present the cytoplasm becomes increased in width. The alveolar type
II cell does not have long cytoplasmic extensions, but contains inclu-
sion bodies and microvilli. There are none demonstrated in the
electron micrographs for this case. The pulmonary epithelium was
conspicuously attenuated in this case (Figures 1, 2, and 3). Occa-
sional vesicles and infrequent cellular organelles were noted in the
epithelial cytoplasm.

In a thick area of the septal wall, a mast cell with its char-

acteristic inclusions was noted (Figure 3). Astrablau and toluidine
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blue histochemical preparations showed an appreciable number of
mast cells with very intensely stained granules.

The cytological and histochemical tests for collagen, elastic
and nucleic acids (for cellular definition) were all unremarkable in
that no increased amounts of the various components were demon-
strated. The reticular fibers appeared to be within normal range in
the Gomori preparations, consequently the capillaries were not well-

defined.

Case II

The diagnosis of this patient was determined as left superior
vena cava, ventricular septal defect, and pulmonary hypertension..

The endothelial lining appeared to be slightly increased in -
width and contained vesicles of varying sizes (Figures 4, 5, 6, and
7). Several large pinocytotic vesicles were well seen in Figures 4
and 5. An interdigitation of the endothelium and the capillary base-
ment membrane was seen in Figure 6. This was a normal configu-
ration in which endothelial cells overlaid each other with an inter-
véning portion of the capillary basement membrane found between
the two cell borders.

The capillas#y basement membrane was slightly thickened in
some areas (Figures 4, 5, and. 6). The alveolar basement mémbrane
showed a slight size increase in this case (Figure 4). Mesenchymal

cell derivatives within the septal wall appeared closely adherent to
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the alveolar basement membrane (Figures 4, 5, and 6).

In Figures 4, 5, and 6, the perivascular space showed widen-
ing due to increased collagen and reticular fiber deposition. Many
cytoplasmic elements of mesenchymal cells containing small dense
ribosomal particles were seen in the perivascular space (Figure 4).

| Alveolar type I cell cytoplasmic extensions, forming a con-
tinuous lining, rested upon the alveolar basement membrane. Some
large pinocytotic vesicles were evident in the epithelial investments
(Figures 5, 6, and 7). Dense ribosomal particles within the epithe-
lium were observed in Figures 4 and 7. An alveolar type II. cell,
resting directly upon the underlying basement membrane witb no in-
tervening cell layér interposed, was seen in F‘igure 6.

The pulmonary macrophage contained many inclusion bodies
of varying shapes and densities in addition to other normal cellular
organelles (Figure 7). The ribonucleoprotein particles were quite
abundant in this particular macrophage. Although the macrophage
appeared to form part of the epithelial lining, it was separated from
the ﬁnderlying basement membrane by the attenuated alveolar type I‘
cytoplasmic border.

The histochemical and cytological studies augmented the ultra-
structural findings in this case. The Gomori and periodic acid-Foot
techniques for reticulum definitely showed an increase in the reticu-
lar fiber content. The elastic tissue, visualized by the orcein method,

did not show any appreciable increase. The collagen fibers appeared
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slightly increased in the Masson-type trichrome preparations. The
gallocyanin-chrome alum, the Feulgen, and the methyl green-pyronin
methods indicated that there was an appreciable increase of mesenchy-

mal cells within the septal walls.

Case III_

Acquired mitral stenosis with pulmonary hypertension was
diagnostically determined in this patient.

The endothelial cytoplasmic lining did appear to show an in-
crease in thickness (Figures 8, 10, and 11). Ribosomes and numer-
ous small vesicles were oBserved in the investing cytoplasm in all
instances (Figures 8, 9, 10, and 11). Interdigitations that formed
an open channel between the capillary lumen and the capillary baée-
ment membrane were observed between contiguous cell boundaries
(Figure 11).

Both basement membranes were extensively thickened in this
case of acquired mitral stenosis (Figures 8, 9, 10, and 11). The
demarcation between the lamina densa and the lamina lucida of the
basement membranes was lacking in most areas (Figures 8, 9, and
11). Although the basement membrane appeared very homogeneous,
collagen, elastic and reticular fibers were observed which augmented
the prominent thickening of the septal wall (Figures 8, 9, and 10).
Mesenchymal cell components were closely adherent to the alveolar

basement membranes in Figures 8 and 9. Ribosomal particles were
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again discerned in these cellular portions (Figures 8, 9, and 10).
Vesiculation and v‘acuolization of the alve»olar type I cell were
observed (Figures 8, 9, 10, and 11). However, the epithelial invest-
ment was not increased in width.
Histochemical and cytological studies were not obtained in .this

case due to the small size of the lung biopsy procured.

Case IV

This patient was clinically diagnosed as having pa’gent ductus
arteriosus with pulmonary hypertension. The final pathologic diag-
nosis was atresia of a left common pulmonary vein, a small inter-
ventricular septal defect, enlargement of tI;e pulmonary artery, and
hypertrophy of the right atrium and the right ventficle.

| The lumen of the blood vessel in Figure‘13 depicted two endo-

thelial cells. This was suggestive of a marked endothelial prolifera-
tion since normally' only océasional nucllei were seen. This interpre-
tation was _f_ortified by light microscopic studies of cytological mate-
rial. The endothelia;l cytoplasm contained abundant ribosomal parti-
cles and many vacuoles.

The capillary basement membrane showed minimal thicken-
ing, whereas the alveolar basement membrane appeared essentially
normal (Figure 13). In Figure 12, a nucleated mesenchymal cell"

was seen in close proximity to the alveolar basement membrane.
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The perivascular space was markedly dilated in this case.
Edematous conditions had separated the densely packed ‘collagenous
and elastic elements which were dAeﬁnitely increased in amount
(Figures 12 and 13). The mesenchymal cell contained numerous ribo-
somes and a well-defined Golgi zone (Figure 12).

The alveolar type I cell contained numerous vacuoles and vesi-
cles, some of which were closely adherent to the alveolar basement
membrane (Figure 13). Ribosomes and mitochondria were infre-
quently seen in the epithelial cytoplasm (Figures 12 and 13). Other
than the sites of vacuolization, the continuous epithelial lining did not
appear to be increased in width.

The ultrastructural observations were augmented and clarified
by histochemical and cytologicé.l studies. The vessels showed mark-
ed intimal proliferation and an extremely large amount of reticular
fibers were observed investing the capillaries. Both the orcein
and aldehyde-fuchsin methods for elastic tissue depicted a substan-
tial increase in elastic tissue within the septal walls. The connective
tissue stains, Masson-type and Koneff, showed an increase in colla-
gen deposition, but a more delicate fibrous element, thought to be
reticular fibers, were even more evident. The alkaline fast green
method for histones, the Feulgen for deoxyribosenucleic acid, the
gallocyanin-chrome alum and the Turchini for nucleic acids indica-

ted a substantial increase of cells within the septal wall. Enzyme
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- studies, including d'i- and tri- phosphopyridine nucleotide reductase,
esterase, acid and alkaline phosphatases, gave positive results in
these cells and were hélpful in discerning the increased cellularity
in the septal wall. In the preparations stained for tyrosine by the
diazocoupling reaction, many granules were observed within the sep-
tal cells. A Prussian blue for hemosiderin gave the same staining

distribution of the positive granular material.

Case V

This patient had congenital aortic stenosis with mild pulfnoT
nary hypertension.

The normally narrow endothelial lining ap'peared slightly thick-
ened with increased vacuolization and vesiculation (Figures 14, 15, 17,
a:nd 18). In!these same figures, t_hére were large, irregular spaces
near the capillary basement membrane which apﬁearéd to contain a
fibrillar or reticular substance (Figures 14, 15, 17, and 18). Re-
ference was particularly called to Figure 18 in which an apparent
change was noted within the endothelial cytoplasm. Finger-like cyto-
plasmic extensions and a fiber bundle resembling collagen were both
seen in the clear area near the capillary basement membrane.

In this case, the capillary basement membrane was somewhat
thickened. In Figures 15 and 17, it looked attenuated at one foint but

this could have been an artifact. The alveolar basement membrane

was within normal limits, and in many instances had a mesenchymal
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cell portion closely apposed.(Figures 15, 16, 17, and 18).

The per{vascular space of the alveolar septal wall was widened
with increased amounts of collagen (Figure 18) and elastic fibers (Figure
14) and swelling probably due to edema (Figures 14, 15, 16, 17, and 18).
In the alveolar septa of Figure 15, two fibroblastic type cells were ob-
served from which thin cytoplasmic processes extended into the sur-
rounding perivascular spaces. In Figures 17 and 18, leucocytes were
seen within the septal wall. Light microscopic observations substan-
tiated the findings of abundant cells in the perivascular space.

The alveolar type I cells were not increased in width, but there
were a few pinocytotic vesicles (Figures 15 and 17) and innumerable
smaller vesicles present (Figure; 14, 15, 16, 17, and 18). The alveo-
lar type II cell (Figure 16) contained numerous osmiophilic inclusions of
varying conﬁgu;'ations and rested directly upon the alveolar basement
meﬁlbrane.

In the cytological and histochemical preparations, the reticulum
appeared to be increased in amount and the capillaries were particular-
ly well-invested with fine reticular fibers. The elastic stains: orcein,
aldehyde-fuchsin, and Verhoeff hematoxylin, did not show any demon-
strable increaée in the elastic fiber content except in occasional thick-
ened septal walls. In these thickened areas, the elastic stains did show
an amorphous type of deposition. In the Goldner and Masson prepara-

tions, the collagen appeared to be palely stained and was slightly in-
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creased in amount. In these areas, the edematous transudate appeared
fuchsinophilic and masked the collagen staining. Collagen appeared to
be more abundant and was well stained even in the edematous areas in
the Van Giesen preparations. The Turchini, gallocyanin-chrome alum,
alkaline fast green, and Feulgen methods did demonstrate minimal ce11'-
ular increase in the wall, but the thickness of the septal wall was not
always associated with fhis increased cellularity, The thickening of
the septal wall appeared to be more dependent on the edematous swell-
ing present. A typical layering effect was noted in the gallocyanin-
chrome glum preparations. The septal cells appeared pushed to the epi-
thelial borders with a hollow edematous area occupying the center of the

wall,

Case VI

This case was a patient with acquired mitral stenosis and mini-
mal mitral insufficiency.

The lumen of the capillary was lined by endothelium which was
quite gfanular and vesicu}ated. A slight increase in width was dis-
cerned (Figures 19, 20, and 21).

The basement membranes of the capillaries were thickened con-
siderably (Figures 19, 20, and 21). The alveolar basement membrane,
whén separate, was also thickened in width. In Figures 19 and 21, con-
tinuous canals interdigitated between the endothelié.l cells allowing con-

tact between the capillary basement membrane and the capillary lumen.
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The perivascular space was markedly widened in Figures 19 and
21. Increased deposition of both collagen and elastic fibers were in- -
volved in this thickening. In Figure 19, the amorphous material, which
was interpreted as altered elastic fiber tissue, was very smudgy with
no clear delineation of borders. Mesenchymal cells were observed in
apposition with the alveolar basement membrane (Figure 21). The cell
in Figure 19 had unusual inclusion bodies. In cross section they appear-
ed as cylinders of symmetrical size and in longitudinal section they
appeared as short rods with two outer osmiophilic borders and an inner
osmiophobic center. These inclusions resembled those seen in the mast
cell in Figure 3.

Ribosomal particles and vesicles were observed in the é.lveolar
type I cell. There was no increased vacuolization or prominent thick-
ening of tﬁis layer.

The Gomori and periodic acid-Foot techniques showed a minimal
reticular fiber increase at the light microsc-:opic level. Elastic tissue
preparations did indicate increased amounts of elastic deposition. The
connective tissue stains exhibited minimal increased accumulation of
collagen. Mildly increased cellularity within the septal walls were
demonstrated by the Turchini, alkaline fast green, and methyl green-

pyronin tests.
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Case VI

The diagnosis of the patient.was acquired mitral stenosis, mod-
erate mitral insufficiency and moderafe aortic insufficiency.

The endothelial cell layer was markedly widened with increased
vesiculation and vacuolization, which may have been due in part to the
gross pulmonary edema present (Figures 22, 23, and 24).

Both the capillary an‘d alveolar basement membranes were intact
even though the alveolar spaces contained red'blood ce}ls and copious
transudate. The capillary basement membrane was markedly thickened
(Figures 22, 23, and 24). In Figure 22, a portion of mesenchymal cell
cytoplasm was seen embedded in the homogeneous matrix of the capil-
lary baf.semen:mefnbrane. The alveolar basement membrane was atten-
uated in some instances (Figure 22) due to the edema present. It was
again noted that the alveolar basement membranes were closely apposed
to mesenchymal cells (Figures 22, 23, and 24).

A preponderance of collagenous elements, which greatly thick-
ened the air-blood barrier, filled the perivascular space (Figures 22, 23,
and 24). In the mesenchymal cells, large pinocytotic vacuoles showed a
demonstrable increment (Figure 23).

In one instance, the epithelial cell lining was not evident (Figures

22 and 23). This was probably a deleterious result of the transudative

fluid pressure in the alveoli. Otherwise, pinocytotic vacuolization was
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was the only remarkable finding in the alveolar type I cell lining
(Figure 22). In Figure 24, attention was called to a fat embolus which
could have‘ been responsible for the edematous cqndition in this tissue.

The Gomori reticulum stain demonstrated a tremendous in-
crease of reticular fibers in the alveolar walls. A concomitant in-
crease in elastic and collagen fibers were likewise seen in the orcein,
aldehyde-fuchsin, Koneff, Goldner, and Van Giesen preparations. The
cellularity was not markedly enhanced within the septal wall. However,
in the gallocyanin-chrome alum and Turchini sections, a layer of cu-

boidal epithelial cells was seen lining the alveoli.

Case VIII

This patient had a diagnosis of patent ductus arteriosus with
reversal of flow and pulmonary hypertension.

The lumen of the capillary was continuously lined by endothe-
lial cells. The cytoplasm appeared slightly thickened and several
large pinocytotic vacuoles and numerous vesicles were o.bserved
(Figures 25 and 27). Occasionally a mitochondrion was seen in cyto-
plasmic extensions of the endothelial cell (Figure 25). There was no
formed endoplasmic reticulum, only ribosomal particles were evident.

Both the capillary endothelial and the pulmonary epithelial cells
rested on distinct basement membranes (Figures 25, 26, 27, and 28).

The capillary and alveolar basement membranes were approximated
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and coalesced in Figure 25. There was no appreciable size increase
in the basement membranes in this case (Figures 25, 26, 27, and 28).

The perivascular space contained an increased amount of reticu-
lar fibers and collagen with its characteristic periodicity. This was
more prominently pronounced in Figure 28, which was a longitudinal
section of an alveolar capillary wall. Occasional cellular components
were noted in the perivascular space (Figures 25, 26, and 28). In one
instance, the perivascular space was seen to be lined by a cell resem-
bling the endothelial cell which lined the capillary (Figure 27). There
was also a free cell, probably a macrophage with an ingested red blood
cell, in the space. The perivascular space was noted to contain dense-
ly packed collagen and elastic fibers. It has been suggested that the
perivascular space may function as a lymphatic channel at this level of
the respiratory tissue. The only vesicles noted in this area were found
in the cytoplasmic extensions of the mesenchymal cells.

Numerous vesicles were seen in the epithelial layer sorﬂe of
which appeared to abut on the alveolar basement membrane (Figure 25).
The alveolar type II cell was seen in Figure 26. It was characterized
by dense laminated strucfures, the inclusion bodies, and microvilli.
Its cytoplasm did not form tenuous cytoplasmic extensions as compared
to the alveolar type I cell. It rested upon the alveolar basement mem-
brane. This cell, like that of the alveolar t‘ype I cell, did not have a

formed endoplasmic reticulum, but many ribosomes were evident.
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The free alveolar cell had an abundant cytoplasm which contain-
ed numerous ribosomes, inclusion bodies, mitochondria, and micro-
villi (Figure 28). It ‘;vas noted that some of the inclusion bodies were
found free in the alveolar space. In this free macrophage, one inclu-
sion body adjacent to the cytoplasmic Border, was suggestive of either
an extrusive or phagocytic activity of the macrophage.

Histochemical studies were not available for this case, since
the biopsy specimen size was only adequate for electron microscopic

studies.

CaseIX

This patient had mitral stenosis probably of rheumatic origin.
Remarkable endothelial swelling was found in Figure 30, concomitant
with an increase in small cytoplasmic 'ves.it:le‘s which were séen more
abundantly at the endothelial plasma membrane. Large pinocytotic
vacuoles were also noted. Two darkly staining bodies were observed
in the endothelial cytoplasm. One of these bodies was enclosed by a
double membrane whereas the other appeared to be invested by only a
single membrane. The identification and significance of these bodies
were undetermined. The endothelial lining in Figure 29 was not re-
markably different from those observed in other cases of mitral steno-
sis.

The basement membranes were fused in Figure 20 and were
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markedly thickened. ‘The capillary basement membrane was well-defin-
ed and increased in width in Figure 30.

Fine reticular fibers (Figure 29) and elastic fibers (Figure 30)
were observed in the perivascular space. However, the overall increase
in thickening was attributed to the basement membrane components in
this case. The mesenchymal elements in Figure 29 showed vacuoliza-
tion.

The epithelial components of the pulmonary surface epithelium
in this instance were not appreciably widened (Figure 29).

The reticular, collagen, and elastic fibers were increased in
amount as demonstrated by the cytological methods. A mérked cellu-
larity was observed in the Feulgen, Turchini, and methyl green-pyronin
histochemical tests. In the Goldner and Masson stained preparations,
intimal proliferation was noted in the small arterioles. In some instances,

the lumen was markedly compromised.

Case X

A diagnosis of acquired interventricular septal defect with a
mild to moderate left to right shunt was determined in this case.

The capillaries showed very prominent endothelial cell thicken-
ing. Innumerable vesicles were noted throughout the cytoplasm (Figures
31, 32, and 33), however, no large pinocytotic vacuoles were evident.

Both the capillary and alveolar basement membranes exhibited
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oﬁtstanding increases in thickness (Figures 31, 32, and 33). Some
dispersed collagenous and reticular elements fused into the basement
membrane investments.

Mesenchymal cell derivatives were commonly encountered
throughout the perivascular space. A fat inclusion was observed in
the mesenchymal element in Figure 33. Collagen and reticular fiber
deposition were not markedly pronounced in these figures (Figures 31,
32, and 33).

The alveolar type I cell lining did show some increase in
width. Many small vesicles were interspersed throughout the cyto-
plasm. The alveolar type II cell in Figure 32 was depicted with micro-
villi but no inclusion bodies were present in the field. Underlying the
alveolar type II cell, vacuolization was noted and the alveolar base-
ment membrane was markedly attenuated (Figure 32).

The reticular network showed only a minimal increase and
the capillaries were not well-invested with reticulum in the Gomori
preparations. Significant findings in the connective tissue studies
demonstrated only a slight increase of delicate collagenous fibers but
some areas of cuboidal alveolar epithelial cells were observed. The
pulmonary veins showed an augmented deposition of smooth muscle fi-
bers in the Goldner preparations. Cellularity within the septal wall

was negligible in this case.
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Case XI

This patient was a diabetic who pr;sented in congestive heart
failure and atherosclerotic heart disease.

The endothelial lining did not show an increment of vesicles
or vacuoies in this case, nor was there any widening of the investing
layer. There were two fat inclusions observed in the endothelial cy-
toplasm in Figure 34. Otherwise, the endothelium was unremarkable.

There was 'no increase in width in either the alveolar or the
capillary basement membranes. They both appeared: well-delineated.

| The most prominent changes were found in the perivascular
area. In a cross section of the septal wall in Figure 34, numerous
collagen fibers and a large amount of elastic tissue, which was quite
homogeneous and osmiophilic, were seen. The longitudi;lal section
of a septal wall (Figure 35) was quite remarkable in that a tremendous
increase of closely packed collagen and elastic fibers was observed.
The elastic tissue had indistinct borders and appeared amorphous,
whereas the collagen was well-demarcated and had its typical periodi- -
city.

‘ The pulmonary surface epithelium was not thickened and did
not show any remarkable vesiculation. The ribosomes were clearly
demonsfrated by their intense staining.

Although the elastic tissue was markedly enhanced at the ultra-

structural level, the orcein, aldehyde-fuchsin, and Verhoeff hematoxy-
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lin preparations showed only minimal elastic fiber deposition. The
collagenous elements were very delicately stained in the Koneff and
Masson preparations, and did not appear markedly increased in de-
position. No hypercellularity within the septal walls was noted in the

Turchini and gallocyanin-chrome alum preparations.

Case XII

This patient was diagnosed as having extensive pulmonary fi-
brosis of unknown etiology.

The endothelium that lined the lumen of the capillary did not
appear to be_inc;reased in width (Figures 36 and 37).

It was possible only to depict typical basement membranes in
Figure 37. In this figure, the alveolar basement membrane was quite
narrow and extremely well-delinéated. It did not appear to fuse into
the perivascular components. However, the alveolar basement mem-
brane appeared to be discontinuous under the alveolar type II cell in
Figure 37. It was further observed that a space resembling vacuo-
lization was again seen (refer to Figure> 32) underlying the alveolar
type II cell. In other figures of this series, alveolar and capillary
basement membranes could not be distinguished clearly. Only an in-
tense fibrosis which involved both basement membranes was seen
(Figures 36, 38, and 39).

Figure 36 was a low field magnification which was helpful
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in determining the extent of fibrosis. The perivascular areas were .
labelled due to the extreme difficulty in orientation. Tremendous
collagen deposition filled the perivascular spaces and mesenchymal
- cells were very numerous. Alveolar air spaces appeared narrowed
due to the fibrosis. of the surrounding structures. In Figures 38 and
39, cell types encountered in the fibrotic spaces were depicted. In
f‘igure 38, careful attention was called to the light appearing areas in
the upper and lower portions of the plate. This material was collagen
with its characteristic periodicity, but it appearéd very pale in com-
parison with the surrounding structures. The cell was probably a
monocyte with a well-defined Golgi zone, mitochondria, and ribosomes.
The other cellular elexl'nents in the figure were mesénchymal in origin,
such as those observed in the perivascular spaces in other cases.
Figure 39 depicted two other cells seen in the fibrotic areas. The
cell on the bright had the characteristics of a plasma cell with numer-
ous mitochondria, a closely layered rough endoplasmic reticulum and
secretion products. The cell on the left, likewise had mitochondria
and a rough vendoplasmic reticulum but the "l;ayering effect" anti the
secretion products were lacking. ‘The nucleus contained a very large
nucleolus. The material lying between the endoplasmic reticulum bor-
ders was noted to be slightly dense and stippled in appearance. This cell
type could not be definitely identified.

The pulmonary alveolar type I lining was within normal limits



46
in Figures 36 and 37. Scanty vesiculation was noted (Figure; 37).
Tissue for histochemical and cytological studies was not avail-

able for examination in this case.

Case XIII

This child had congenital mitral stenosis with pulmonary hyper-
teﬁsion.

The endothelial lining of the capillary lumen appearéd slight-
ly widened. There was prominent vesiculation in the cytoplasm (Figures
40, 41, and 43).

The capillary basement membrane was markedly increased in
width (Figﬁres 40, 41, and 43). The alveolar basement membranes
were likewise involved (Figures 41 and 43). In Figure 42, both base-
ment membranes were observed to merge into '"pockets'' of the peri-
vascular space. In this particular figure, no gross enlargement of the
basement membranes was noted.

Mesenchymal cell elements with prominent vacuolization
(Figures 40 and 42), collagen and reticular fibers (Figures 41, 42,
and 43) were observed in increased amounts in the perivascular space.
These tissué components plus the widened basement fnembranes re-
sulted in a demonstrably increased air-blood barrier.

The alveolar type I cytoplasmic extensions were increased in

width and contained numerous vesicles and vacuoles (Figures 41, 42,
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and 43). An alveolar type II cell with characteristic inclusion bodies
had many large vacuoles throughout éhe cytoplasm (Figures 42 and
43). The alveolar basement membrane was extremely attenuated in
this area, but no large intervening vacuolization or widening was noted
between the pulmonary alveolar type II cell and the underlying perivas-
cular space.

Significant increases of intraseptal mesenchymal cells and
reticular fibers were found at the light microscopic level. The mesen-
chymal cell nuclei were characterized by finely stippled chromatin and
two or three large nucleoli. The orcein preparations showed a normal
amount of elastic tissue. Collagen fibers were minimally increased in
the Koneff and Goldner preparations.

In summary, it may be said that congenital and acquired mi-
tral stenosis and the acquired interventricular septal defect showed the
most prominent basement membrane changes with or without an accom-
panying increase of collagen, elastic, and reticular fiber deposition.
The other cases with increased pulmonary hyperteﬁsion showed pri-
mary increased collagen, elastic and reticular fiber changes with no
substantial increase in the basement membrane width. A functionally
normal case was presented, as was a case with e;:tensive fibrosis for

a comparative study of the ultrastructural changes observed in the lung.



CHAPTER IV
DISCUSSION

The causes of pulmonary hypertension in this study can be
g_rouped into two broad classes: 1.) ;:1;1itra1 stenosis and left-sided
heart failure of any cause leading to pulmonary congestion which re-
sults in an increased vascular resistance distal to the capillaries and
2.) congenital cardiac lesions in which there occurs an increased pul-
monary blood flow or perfusate such as ventricular septal defect, in
which the pulmonary circulation is exposed to left-sided pressures
with small vessel disease; atrial septal defect, in which the vascular
bed is exposed to high flow with resultant pulmonary arteriolar disease;
and patent ductus arteriosus with vascular disease of the lung resulting
from high flow and/or high pressure.

As demonstrated in this study of the ultrastructural changes
in the air-blood barrier in pulmonary hypertension, the‘ cases examined
fall into two categories. That is, 1.) those cases in which the base-
ment membranes were the priméry tis_sue components altered with or
without increased fibrous deposition, and 2.) those cases in which the

alteration was due to an increased deposition of connective tissue com-
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ponents, with no significant changes in the basement membranes. The
first category included the cases of acquired mitral stenosis, congeni-
tal mitral stenosis, and acquired interventricular septal defect. The
cases that comprised the second category were the patent ductﬁs arteri-
osis, the patent ductus arteriosus with atresia of a common pulmonary
vein and congenital interventricular septal defect, congenital interven-
tricular septal defect with a left superior vena cava, aortic stenosis
and congestive heart failure.

Structural changes in the pulmonary parenchyma in mitral
stenosis have.been described by various investigators at the light mi-
croscopic level (Parker and Weiss, 1936; Bell, 1943; Larrabee, Park-
er, and Edwards, 1949; Moschcowitz, 1949; Meessen, 1956). Although
there were various interpretations as to the tissue component within
the septal wall showing the significant changes, these workers were
in complete agreement on the increased width of the air-blood barrier
seen in mitral stenosis. Meessen (1956), Hatt and Rouiller (1958),
Schulz (1959), and Asano, (1964), in ultrastructural studies, observed
increased fibrous tissue in the septal wall in patients with mitral sten-
osis.

In this study, the cases of mitral stenosis were primarily
characterized by alveolar and capillary basement membrane thicken-

ing; this consistant change in the basement membranes being augment-
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ed in most of the cases by increased collagen, reticular, .and elastic
fiber deposition. -

With respect to the capillary basement membrane, there is
almost uniform agreement by workers at the light or electron micro-
scopic level in regard to its increased thickness in mitral stenosis
(Larrabee, Parker, and Edwards, 1949; Moschcowitz, 1949; Méessen,
1956; Hatt and Rouiller, 1958; Schulz, 1959). The only exception is
Asano (1964) who reported that one case out of his series did not show
any thickening of the capillary basement membrane at the ultrastructu-
ral level. | Larrabee, Parker, and Edwards (1949) were the only in-
vestigators to report an increased thickening of the alveolar bésemeht
membrane such as that observed in this study, but their observations
were done at the light mic;roscopic level.

These chahges in the air-blood barrier lend credence to the
findings of pulmonary function tests performed on patients with mitral
stenosis (Palmer, Gee, Mills, and Bates, 1963). This investigatory
group observed that the diffusing c.:apacity of the pulmonary membranes
was reduced in some cases of mitral stenosis. They suggest that this
decreased diffusion capacity paralleled the pulmonary vascular con-
gestion and pulmonary fibrosis seen pathologically.

It has been stated, that at birth, the elastic fibers are con-
fined to the edges of the alveolar entrance and do not appear in the in-

ter-alveolar septa until the age of five years or more and that elastic
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fibers do not become noticeable in the walls of the alveolar portions
of the lungs until the age of eighteen or more years (Loosli and Potter,
1959). In this study, eight of the thirteen patients were under eighteen
years of age, and three of these eight cases were under five years of
age. The functional normal control for this study was thirty nine
months old and light microscopic studies indicatgd that elastic tissue
was present but not increased. In the orcein, aldehyde-fuchsin, and
Verhoeff hematoxylin slide preparations, elastic tissue was demon-
strated in all the cases in which tissue for cytological work was avail-
able. At the ultrastructural level, many workers have derﬁonstrated
elastic tissue to be normally present in mammalian lung (Low, 1953,
1953a, 1954, 1961; Gieseking, 1956; Giese'and Gieseking, 1957; Chase,
1959; Schulz, 1959;_Takahashi, Kawano, Ota, and Otsuka, 1961; Diver-
tie ahd Brown, 1964). Giese gnd Gieseking (1957) conjectured that the
elementary fibrils of the reticular tissue participated in the formation
of the elastic fibers since they observed a tuft-like splitting of fibrils
at the borders of the elastic tissue. This fibrillary synthesis of elastic
fibers could not be substantiated in this study.

It has been reported that the elastic tissue content of the lung
| increases with age (Briscoe and Loring, 1958; Pierce, Hocott, and Ebert,
1959, 1961; Wright, Kleinerman and Zorn, 1960). In Wright, Kleiner-
man, and Zorn's study (1960), they observed that although the elastic

content of lung increased with age, the hexosamine content of the elastic
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fraction decreased with advanced age. In Case XI, a sixty nine year
old female, there was an obvious increase of elastic tissue in the sep-
tal wall at the electron microscopic level. However, the light micro-
scopic studies for elastin were not indicative of a pronounced elastic
tissue. This lack of correlation could possibly be explained by a de-
creased staining pfopensity of the elastic fibers since the elastic
tissue appeared smudgy in many areas of the electron microscopical
and cytological preparations. It was however, noteworthy that the
elastic tissue !"'stained' quite intensely at the ultrastructural level.
The intensity of ""staining'' of elastic tissue seen in electron micro-
graphs of Case VI was not noted in any of the other cases stained with
lead citrate and uranyl acetate, and this finding is suggestive of an
altered state of the elastic tissue in this particular case of congestive
heart failure. The finding of increased elastic tissue in this patient
with chronic passive congestion is in agreement with Gieseking (1960)
who studied the ultrastructural changes in lungs in chronic passive
congestion and observed increased elastic and reticular tissue, as
well as, increased mesenchymal cells within the perfva.scular space.

In Case IV, patent ductus arteriosus, atresia of a left
common pulmonary vein and interventricular septal defect, a definite
increase of elastic fibers was observed at the light and electron micro-
scopic levels. The other cases involving congenital heart defects did

not show the marked elastic fiber increase that was evident in Case IV.
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This difference between these cases could be explained by two physio-
logical mechanisms. The patent ductus arteriosus lesion, in which
there is a communication between the high resistance greater circu-
lation and the low resistance pulmonary system, would produce an in-
creased pulmonary blood flow or perfusate ultimately resulting in pul-
monary hypertension. Secondly, the atretic pulmonary vein, by caus-.
ing passive congestion in the lungs, would enhance the already severe
condition caused by the patent ductus arteriosus. These two factors
are felt to explain the tremendous fibro-cellular changes in the septal
wall causing a severe embarrassment of oxygen diffusion in Case IV.

The increased fibro-cellular deposition seen in the congen-
ital cardiac lesions (excluding Cages I, V, and XII) would sﬁbstantiate
the pulmonary function findings on patients with increased pulmonary
blood flow (Bucci and Cook, 1961). They demonstrated a decreased
diffusing capacity of the pulmonary membrane in twenty four patients
and suggested that the changes observed indicated an alteration of the
volume surface area ratio and/or an increased thickness of the pulimo-
nary capillary membrane.

Collagen fibers were considered to be scarce (Miller, '1923;
Policard, 1942) in the normal alveolar wall. Some investigators
(M:J'.ller, 1929; M't:;llendorff, 1942; Policard, 1949) quoted by Bertalanffy
(1964), have stated that collagenous fibers do not occur at all in the

alveolar walls. Hesse and Loosli (1949), and Loosli, Adams, and



54

Thornton (1949), in light microscopic studies, observed that collagen
fibers did constitute a normal component in the septal wall. This has
been verified by numerous electron microscopic investigations (Low,
1953, 1953a, 1953b, 1954, 1961; Karrer, 1956; van Breemen and
Neustein, 1956; Baker, 1959; Takahashi, Kawano, Ota, and Otsuka,
1961; Divertie and Brown, 1964; Nagaishi, Okada, Ishito, and Daido,
1964; van Breemen, 1965). At the ultrastructural level, Schulz (1959)
referred to the fibrous element present in normal and pathologicai lung
as reticular fibers even though in many of his plates, the characteris-
tic appearance of collagen can be determined. He further agreed with .
Giese and Gieseking (1957) that the reticular fibers of the pulmonary
stroma were not pre-collagen, since no maturation to collagen fibers
were observed in the septa.

It has been widely agreed that reticular fibers constitute the
main fibrous component of the septal wall (Miller, 1923; Josselyn, 1935;
Policard, 1942, 1949; Leblond and Bertalanffy, 1951; Bertalanffy, Glegg,
and Eidinger, 1954; Low, 1954; Giese and Gieseking, 1957; Schulz, 1959;
Gross, 1961). However, most inveétigators have found the reticular
fibers to be generally associated with collagen fibers, differing morpho-
logically primarily by their smaller diameter and their greater tendency
to form a network (Copenhaver, 1964).

In this study, the functional control of pulmonary stenosis

was the only case which did not show a marked increase in collagen
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and/or reticular fibers. Promiﬁen’t collagen deposition was seen in
Cases IV, VII, and XI. Case VII was a lesion of acquired mitral sten-
osis of long duration which had resulted in congestive heart failure.
Physiologically, this patient would have had increased vascular resis-
tance in the pulmonary circuit and chronic passive congestion of the
lungs. Case XI was also in congestive heart failure thch likewise
had resulted in chronic passive congestion ot the lung. Collagen fibers
(Case VII), and collagen.and elastic fibers (Case XI) were responsible
for the increased air-blood barrier. These findings are supported by
those of Gieseking (1960), who observed a four to ten-fold increase in
width was attributed to an increase in reticular and elastic fibers and
mesenchymal cells within the perivascular space.

Increased vascular resistance, resulting from the atresia of
a left common pulmonary vein, plus an increased pulmonary artery flow
from a patent ductus arteriosus, were physiologically present in Case IV.
Both of these hemodynamic alterations would have been conducive to the
remarkable increase of fibrous deposition observed in the air-blood
barrier,

Unlike elastic tissue, collagen has been reported not to in-
crease with agé (Piercg, Hocott, and Ebert, 1959, 1961; Wright, Klein-
erman, and Zorn, 1960). However, other investigators, using colori-
metric determinations, have reported that hydroxyproline, thus the

collagen content of the lung, increased with age (Briscoe and Loring,
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1959; Briscoe, Loring, and McClement, 1959).

It has been reported and verified in this study that the alveolar
lining of the lung consists of two types of cells (Karrer, 1956a, 1960;
Kisch, 1957, 1960a; Policard, Collet, and Martin, 1961; Campiché,
Gautier, Hernandez, and Reymond, 1963; Balis and Conen, 1964; Nagai-
shi, Okada, Ishiko, and Daido, 1964). The majority of ultrastructural
investigators have indicated that the alveolar epithelium is of endodermal
origin (Low and Sampaio, 1957; Ca mpiche, Gautier, Hernandez, and
Reymond, 1963; Balis and Conen, 1964) in contrast to Policard, Collet,
and Pregermain (1957), who believe both cell types are of mesenchymal
origin and to Marinozzi (1960), who claims that only the alveolar type II
cell is mesenchymal in origin. Further controversy has been particular-
ly directed to the function of the alveolar type II cell. There is evidence
that the characteristic inclusion bodies (also referred to as '"typical"
inclusion bodies (Karrer, 1956a); osmiophilic bodies (Policard, Collet,
and Pregermain, 1957); '""characteristic'' inclusion bodies (Woodside and
Dalton, 1958); lamellar transformed mitochondria (Schulz, 1959); lamel-
lar inclusions (Campiche, Gautier, Hernandez, and Reymond, 1963). of
the alveolar type‘II cell are the source of the surface tension reducing
substance or surfactant (Macklin, 1954; Pattle, 1955, 1963; Clem'énts,.
1957, 1962; Klaus, Reiss, Tooley, Piel and Clements, 1962). This
surfactant is probably a lipoprotein that contains a phospholipid, pal-

mityl lecithin (Klaus, Clements, and Havel, 1961; Pattle and Thomas,
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1961; Bolande, 1964) and is thought to be an important stabilizing fac-
tor in pulmonary mechanics (Pattle, 1955; Clements, 1957; Clements,
Brown, and Johnson, 1958). Chase (1959) using special te.chniques,
has demonstrated a surface lining layer at the electron microscopic
level.

In this study, osmiophilic inclusion bodies and microvilli are
associated with both the alveolar type II cell and the_ free alveolar ma-
crophage. Because of this marked morphological similarity, it is
tempting to suggest that the free alveolar rhacrophage is derived from
the alveolar type II cell. The alveolar type II cells were also often
noted to have vacuolization which separated the cell from the under-
lying connective tissue elements. The alveolar basement membrane
appeared quite attenua.ted in these areas, but a definite rupture was
never observed. This observation is in disagreement with Marinozzi's
(1960) observations in which he claimed the supporting basement mem-
brane to be discontinuous under. the alveolar type II cell.

In the lungs of newborn infants, Balis an'd. Conen (1964) des-
cribed a similar vacuolization in their ultrastructural observations
and referred to it as geparations by rows of vesicles or cisternae
which they believed were indicative of degenerative type II cells. They
concluded that the inclusion bodies within the alveolar type II cells
were lysosomal structures which were active in the transformation of

the fetal cuboidal alveolar epithelium into the attenuated (alveolar type
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I) form. Their embryologiéal conclusions can not be evaluated in this
morphologic study.

Palade (1956) apd Moore and Ruska (1957) .reported numerous
small vesicles in contact with the endothelial cell membrane in the
blood capillaries of ncrmal rat myocardium. Palade (1956) suggested
that the vesicles either developed by a pinocytotic mechanism or that
they arose within the endothelial cytoplasm and then att-:ached t;) the
cell mémb?ane. It has been suggested by Bennett (1956) that this vesi-
culation process enables ions and larger particles to pass tlhrough the
cells without actual disruption of the cell membrane. This process of
invagination and pinching off of the plasma membrane to form small
vesicles which move across the cytoplasm has been termed cytopemp-
sis (Moore and'Ruska, 1957). Moreover, these investigators suggested
that the cytopemptic process constituted a means of active and selective
transmission of substances within the capillary walls.

_ The vesi;ulation of‘ the epithelial and endothelial cells has been
observed in mammalian lung by Schulz (1959). He stated that the vesi-
cles were of importance in cell metabolism. De Groodt, Lagasse, and
Sebruyns (1958), studying the nérmal septal wall in various mammals,
reported membrane infolding and vesicle formation and noted that some
of the vesicles were in contact with the alveolar basement membrane.
Leeson and Leeson (1964) suggested that the micropin,ocytotic; vesicles

in epithelial and endothelial cytoplasm of fetal rat lung indicated absorp-
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tion of amniotic fluid from the alveolar space. They wondered if the
number of micropinocytotic vesicles would be increased in patholog-
ical conditions where fluid was present in excess in air passages, e. g.,
pulmonary hyperténsion and inflammation.

In this study, vesiculation was noted in both the capillary en-
dothelium and the alveolar epithelium in all cases, however, the vesi-
cles appeared to be more abundant in the endothelial lining than in that
of the epithelial lining. Although vesiculation in Case I, the functional
control, appeared decreased, it was ‘felt that this was due to the decrease
in the width of the air-blood barrier and not to an actual decrease in the
number of vesicles. It would appear that the smaller vesicles are found
in both normal and pathologic lung. Schulz (1959) has suggested that
the criterion of a pathological change is the size of the vesicle. The
larger vacuoles seen in both the endothelium and eéithelium of Cases
II, IV, V, and VIII, would be indicative of a pathological state. -The
vacuolization in Case VII was obviously due to the fat embolism. The
patient with cong_enital mitral stenosis showed the iarge vacuolar changes
only in the mesenchymal derivatives and the alveolar epithelial lining.
In Case IX, the vacuoles were noted only in the endothelial lining inves-
ment. If it is assumed that the pinocytotic vacuoles are for resorptive
and transportive processes (Schulz, 1959), then the above cases would
have exhi.bited‘ conditions in which these two processes were increased.

It is interesting to note that the most extensive changes were seen in
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cases of congenital heart lesions. At the ultrastructural level, it is
possible to separate the pinocytotic vacuoles from the smaller vesi-
cles which are described under ''cytopempsis''. It should be indicated
that further investigations would be necessary to elucidate the different
functions, if any, between the two processes.

In regard to the lymphatics of the pulmonary tissue, it has
been classi'cally thought that they did not extend below the respiratory
bronchioles. Yet, physiologists recognized that particulate matter in
the peripheral alveoli somehow was delivered back to the hilar nodes
more rapidly than could be explained by simple phagocytosis and
ameboid transport of the matter toward the lymphatic ves seis (Drinker,
1954; Krahl, 1964).

Only a few investigators have demonstrated lymphatics at the
level of the alveoli (Rouviere, 1938; Tobin, 1954, 1959; Parfenova,
1960; Engel, 1962). Engel (1962) reported that he saw lymphatic
vessels within the septal wall, but his low magnification pictures were
not convincing. Parfenova (1960), using injgction methods, also cllaim-
ed that she observed lymphatic capillaries in the alveolar wall. She
felt that the lymphatic; capillaries participated with the pulmonary blood
capillaries in the ext;:l;xange of gas. Tobin (1954), using India ink and
latex injection methods, plastic injected corrosion and air-dried speci-
mens, and pafhological and histological specimens, demonstrated lym-

phatics accompanying the smaller branches of the pulmonary artery
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and the pulmonary veins. These vascular tributaries were closely
related to the alveolar wall, so that the dis.tance from an alveolus

to a lymphatic vessel would be quite small.- Rouviere (1938) also
stated that lymphatics résted directly against the alveolar bed and
although no lymphatics were seen in the interalveolar partitions, one
part of the alveolar wall was immediately adjacent to the lymphatic
spaces.

In Figure 27, a cell, markedly resembling the endothelial
cell lining ‘the capillé.ry, appears to invest the perivascular space.
This might indicate that the perivascular space represents a termi-
nal lymphatic _ramiﬁcation'in the alveolar walls. It is conjectured that
the presence of collagen and elastic fibers within the perivascular
space may be present to maintain the patency of these channels in
the presence of increased pressure gradients at the alveolar-capillary
level.

Excluding Cases I and X, there was an increased cellular com-
ponent, referred to as mesenchymal cells, in the perivascular spaces
of all other cases. This was observed ultrastructurally and the em-
pirical and histochemical techn.iques greatly augmented these findings
except in Case XI. This increase in mesenchymal cells has also been
observed in other pathological pulmonary studies (Hatt and Rouiller,
1958; Giesekixllg, 1960). It would appear that the cellular increase

correlated with the increased amount of collagen and reticular fibers
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present within the perivascular space. The study of aortic stenosis
was quite remarkai:le at the electron microscopic level, in that fibro-
blastic-like cells and leucocytes were Qery abundant within the septal
wall. These findings correlated well with the light microscopic studies
done on this tissue. The lack of a really demonstrable increase of
cells in Case X is probably due to the short duration of this patient's
disability. The .lack of increased cellularity in the functional control
(Case I) is in agreement with other normal lung studies (Gieseking,
1960; Divertie and Bro.wn, 1964).

This study, utilizing electron microscopical, histochemical,
and cytological techniques, definitely indicate that pulmonary hyper-
tension is associated with a thicke'ning of the alveolar-capillary mem-
brane in congenital heart disease, originally associated with increased
pﬁlmonary flow, and iﬁ acquired heart disease. Those lesions asso-
ciated with acquired heart disease all exhibited basement membrane
changes with varying fibro-cgllular manifestations. The majority of
congenital heart lesions did not show appreciable basement membrane
thickening, but did show markedly increased fibro—celluiar change.;; in
the alveolar capillary (septal) wall. It is felt that the morphological
changes in the alveolar-capillary wall, which are present in these cases,

would provide anatomic evidence of a decreased diffusing capacity. man-

ifested functionally by these patients.



CHAPTER V
SUMMARY

Congenital and acquired heart disease with pulmonary hyper-
tension show an increased 'thickening of the alveolar-capillary wall.

The cases of mitral stenosis.(acquired and congenital) ex-
Ihibit prominent changes in alveolar and capillary basement mem-
branes, with or without increased fibro-cellular deposition. The case
of acquired interventricular septal defect (Case X) showed the same
morphological changes.

The congenital heart disease cases did not show appreciable
thickening of the basement membranes, but were characterized by an
increased deposition of collagen and/or reticular fibers, elastic fibers,
and mesenchymal cells. Cases XI and XII were both charaqterized by
these same morphological changes.

In this study, there is no apparent correlation between the
severity of thickening of the alveolar wall with the duration of symptoms
or tothe age of the individual.

It is suggested that the perivascular spaces may function as

terminal lymphatic spaces in the alveolar walls.
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The congenital heart disease cases were characterized by
large pinocytotic vacuolization which has been reported to be indica-
tive of pathological changes.

Regarding the concept of cytopempsis, there was no demon-
strable increase of small vesicles in these cases with pulmonary hyper-~
tension.

It is suggested that the morphological changes seen in the
alveolar-capillary membrane would provide anatomic evidence for
the decreased functional capacity of patients with pulmonary hyper-

tension.
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EMPIRICAL METHODS

Cytological Techniques

Hematoxylin and eosin (Mallory, 1942)

Koneff's iron hematoxylin-aniline blue stain (Koneff, 1936)

Collagen Fibers

Goldner's trichrome stain (Goldner, 1938)

Mallory's triple stain for connective tissue (Mallory, 1942)
Mallory-Heidenhain azocarmine method for connective tissue (Gomori,
1939)

Masson's connective tissue stain (Masson, 1929)

Masson's connective tissue stain - AFIP modification (Gridley, 1960)

Van Giesen's connective tissue stain (Mallory, 1942)

Elastic Fibers

Gomori's aldehyde-fuchsin stain for elastic fibers (Gomori, 1950)
Orcein elastic tissue stain (Pinkus, 1944)

Verhoeff's hematoxylin for elastic tissue (Verhoeff, 1908)

Reticular Fibers

Gomori's reticulum stain (Gomori, 1937)

Periodic acid-Foot reticulum stain (Lhotka and Myhre, 1953)
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HISTOCHEMICAL METHODS
Proteins

Amino Groups

Chloramine T-Schiff (Chu et al., 1953) (Barka, 1963)

Phenol Groups (Tyrosine)

Diazocoupling reaction (Glenner and Lillie, 1959) (Barka, 1963)

Indole Derivatives (Tryptophan)
Post-coupled p-dimethylaminobenzaldehyde (Glenner and Lillie, 1957)

(Barka, 1963)

Guanidyl Groups (Arginine)

Sakaguchi (Sakaguchi, 1950) (Barka, 1963)

Sulfhydry'l and Disulfide Groups
Mercury orange (Bennet and Watts, 1958) (Barka, 1963)

Pseudoisocyanin (Schiebler and Schiessler, 1959)

Histones and Protamines

Alkaline fast green (Alfert and Geschwind, 1953) (Kelly, 1964)
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Nucleoproteins

Deoxyribosenucleic Acid

Feulgen (Feulgen and Rossenbeck, 1924) (Barka, 1963)

Ribose and Deoxyribosenucleic Acids
Methyl green-pyronine (Pappenheim, 1899) (Kelly, 1964)
Gallocyanin-chrome alum (Einarson, 1951) (Barka, 1963)

Modified Turchini (Blackler and Alexander, 1952) (Pearse, 1960)

Carbohydrates

Glycogen

Best's carmine (Best, 1906) (Pearse, 1960)

Mucoproteins and Neutral Polysaccharides
Periodic acid-Schiff (McManus, 1943) (Pearse, 1960)

Lead tetra-acetate (Lhotka, 1952)

Acid Polysaccharides.
Alcian blue (Wagner and Shapira, 1957) (Barka, 1963)
Astrablau (Kelly, 1964)
Hale's colloidal iron (ﬂale, 1946) (Barka, 1963)

Toluidine blue (Kelly, 1964)
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Lipids

Neutral Fats
Oil red-0 (Lillie, 1944) (Pearse, 1960)

Sudan black B (Kelly, 1964)

Phospholipids
Acid hematein method (Baker, 1946) (Barka, 1963)
LR} . 1
Kluver-Barrera copper phthalocyanine (Kluver and Barrera, 1953)

(Kelly, 1964)

Acetalphosphatides

Plasmal reaction (Hayes, 1949) (Barka, 1963) -

Cholesterol

Digitonin reaction (Brunswik, 1922) (Barka, 1963)

Neutral and Acidic Lipids

Nile blue sulfate (Lorrain and Smith, 1908) (Kelly, 1964)

Enzymes

Phosphatases
Alkaline phosphatase (Burstone, 1962)
Acid phosphatase (Burstone, 1962)

Adenosine triphosphatase (Burstone, 1962)



79
Esterases

Non-specific esterase (Burstone, 1962)

Dehydrogenases

Succinic dehydrogenase (Barka, 1963)

Diaphorases
Diphosphopyridine nucleotide reductase (Burstone, 1962)

Triphosphopyridine nucleotide reductase (Burstone, 1962)

Other Enzymes
Beta-glucuronidase (Burstone, 1962)
Beta-galactosidase (Burstone, 1962)
Carbonic anhydrase (Hausler, 1958) (Pearse, 1960)

Invertase (Dahlqvist and Brun, 1962)

Cations
Dithizone method for zinc (Mager et al., 1953) (Péarse, 1960)
Rubeanic acid method for copper (Okamoto, 1938; Uzman, 1956) (Pearse,

1960)

Pigments

Glenner's method for bilirubin, lipofuscin, and hemosiderin (Glenner,
1957) (Barka, 1962)

Perl's Prussian blue reaction (Perls, 1867) (Barka, 1963)
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Figure~ 1

Casel, pulmonafy stenosis. The figure shows the essentially
normal air-blood barrier of the functional control. The pulmonary sur-
face lining (al) and alveolar' basement membrane (ab) are quite thin.
The capillary. endothelium (E) and the capillary basement membrane
(cb), though not thickened, are thicker than the preceding two alveolar
components. The perivascular space (p) is quite narrow and shows a
few strands of reticular fibrils (r).

(Reynold's lead citrate and uranyl acetate, 17,200X)
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Figure a

Case I, pulmonary stenosis. This is a section through the sep-
tal wall between two capillaries with alveolar spaces (A) on each side.
One of the alveolar spaces, which is lined by the thin pulmonary surface
lining cells (al), contains a réd blood cell. The basement membranes
of the capillaries (cb) and alveoli (ab) a.re not thickened. The perivascu-
lar space (p) showé mesenchymal cell remnents (m) and reticular fibers
(r). A slight amount of localized edema may be present but even with
this, the perivascular space is not markedly widened. Numerous small
vesicles are present in the capillary endothelium (E) but no large pino-
cytotic vacuoles are observed. |

(Reynold's lead citrate and uranyl acetate, 13, 800X)



Figure 2 :
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Figure 3

Case I, pulmonary stenosis. A section through a thick area
of the septal wall showing a well-granulated mast cell (MC) within the
perivascular space.” The gray fibrillar material above the mast cell
is an accumulation of reticular fibers (r) with a few distinct collagen
(c) fibrils showing characteristic striations. A mesenchymal cell
derivative (m) is seen to be closely apposed to the alveolar basement
membrane. The continuous pulmonary surface lining invests the alveo-
lar space (A).

(Reynold's lead citrate and uranyl acetate, 25, 200X)



Figure 3
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Figure 4
Case II, left superior vena cava, interventricular defect, and

pulmonary hypertension. A comparison of the alveolar basement mem-
brane (ab) and the capillary basement membrane (cb) shows the latter to
be slightly increased in thickness. The perivascular space (p) is widen-
ed and contains small amounts of collagen and remnants of mesenchymal
cells (m). The endothelial cell cytoplasm (E) invests the capillary
which contains a coarse precipitate of plasma. |

(uranyl acetate, 24, 500X)
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Figure 5

Case II, left superior vena cava, interventricular defect, and
pulmonary hypertension. Sec‘tion through the entire septal wall separa-
ting two adjacent alveolar spaces (A). The capillary basement mem -
brane again appears to be slightly thickened when compared to the alveo-
lar basement membrane. The perivascular space (p), as in Figure 4,
shows mesenchymal cell remnants and some collagen deposition. Large
pPinocytotic vacuoles (v) are present in the endothelium, mesenchymal
cell derivatives, and the alveolar epithelial lining.

(uranyl acetate, 12, 500X)
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Figure 6

i Case II, left superior vena cava, interventricular defect, and
pulmonary hypertension. The endothelial cel-i lining the capillary ex-
hibits some vacuolization (v). Again the capillary basement membrane
(cb) appears to be thicker than the alveolar basement membrane (ab).
The alveolar type II cell (a2) in this electron micrograph shows only a
few microvilli but the characteristic lamellated, osmiophilic inclusion
bodies are clearly visible. The surface of the alveolar type II cell pro-

jects into the alveolar space (A).

(uranyl acetate, 18, 000X)



Figure 6
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Figure 7

Case II, left superior vena cava, interventricular defect, and
pulmonary hypertension. An alveolar macrophage (M) with microvilli
and osmiophilic inclusi'on bodies is free in the alveolar space (A) and
occupies most of the centler of the field. Attenuated cytoplasmic ex-
tensions of the alveolar type I cell (al) can be seen under the alveolar
macrophage.. In this field, the alveolar and capillary basement mem-
branes havé approximated and coalesced. The endothelial lining (E) of
the capillary shows numerous small vesicles.

(uranyl acetate, 18, 000X)



Figure 7
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Figure 8

Case III, acquired mitral stenosis with pulmonary hy;;erten-
sion. This is a section through the air-blood barrier which shows
marked thickening of both capillary (cb) and alveolar (ab) basement
membranes. In many areas, they are in&istiﬁguishable as separate
structures. The perivascular’ space (p) shows increased collagen de-
position (c) and mesenchymal cell remnants (m). Alveolar spaces (A)
are situated in the upper and lower portions of the field.

(uranyl acetate, 20, 500X)



Figure 8
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Figure 9

Case III, acquired mitral stenosis with pulmonary hyperten-
sion. This figure depicts a region near the nuclear area of an élveo-
lar type I cell (al). The capillary and alveolar basement membrangs
are markedly thickened and are without distinct limits. Mesenchymal
cell remnants (m) near the upper margin of this illustration extend in-
tp the basement membrane areas. Increased collagen deposition (c)
is seen within the perivascular space.

(uranyl acetate, 27, 800X)



Figure 9
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Figure 10
Case III, acquired mitral stenosis with pulmonary hyperten-
sion. Two adjacent capillaries (C) are separated from the alveolar
space (A) by increased fibro-cellular deposition. Remnants of mesen-
chymal cells (m) and collagen fibers (c) lie between the thickened alveo-
lar and capillary basement membranes.

(Reynold's lead citrate and uranyl acetate, 23, 500X)



Figure 10
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Figure 11

Case III, acquired mitral stenosis with pulmonary hyperten-
sion. This figure shows essentially the same changes as the two pre-
ceding figures. Note the continuous pulmonary surface lining of the
alveolar space (A) which is formed by the attenuated cytoplasmic ex-
tensions of the alveolar type I cells. The perivascular space appears
to be completely filled with the amorphous basement membrane materi-
al. Collagen fibers are‘not evident. A nucleated mesenchymal type:"
cell (m) is seen within the perivascular space. The capillary lumen
(C) is invested by endothelium, and in one area, part of the endothelial
cytoplasm appears to fuse with a mesenchymal cell component.

(uranyl acetate, 27, 800X)



- Figure 11
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Figure 12

Case IV, patent ductus arteriosus, atresia of a left common
pulmonary vein, interventricular septal defect, and pulmonary hyper-
tension. This is a section through only a portion of a septal wallj The
alveolar space (A) is indicated for orientation. Note the continuous
pulmonary surface lining of attenuated alveolar type I cell cytoplasm.
The alveolar basement membrane is distinct and appears essentially
normal. A nucleated mesenchymal type cell im), which shows granu-
lated endoplasmic reticulum, Golgi vgsicleé (g), and many darkly
stained ribosomes, is present in the perivascular space. In addition
'to the nucleated mesenchymal type cell, the perivascular space shows
marked collagen (c) and elastic (é) depésition, gross edema, and rem-
nants of other mesenchymal cells. |

(Millonig's lead tartrate and uranyl acetate, 32, 500X)



Figure 12
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Figure 13

Case IV, patent ductp.s arteriosus, atresia of a left common
pulmonary vein, interventricular septal defect, and pulmonary hyper-
tension. This figure shows a portion of a septal wall, an alveolar
space (A) with transudate, and part of a capillary. The capillary endo-
thelium (E) shows vacuolization and prominent ribosomes. At the elec-
tron microscopic levei, it is very unusual to find two endotl';elial cell
nuclei in the same section of a capillary; two such nuclei in the same
area are indicative of endothelial hyperplasia. This was confirmed at
the light microscopic level with histochemical and cytological prepara-
tions. The éapillary and alveolar basement membranes appear to be
essentially normal. Deposition of fibrous elements in the perivascu-
lar space (p) is not marked in this section but some edema is present.

(Millonig's lead tartrate and uranyl acetate, 23, 500X)



Figure 13
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Figure 14
Case V, congenital aortic stex;osis. This electron micro-

graph shows é portion of a septal wall, part of a capillary and the ad-
jacent alveolar space (A). Note the pulmonafy surfacel lining formed

by the attenuated cytoplasm of the alveolar type I cells. The capillary
endothelium (E) shows vacuolization (v) and vesiculation. The capil-
lary and alveolar basement me'mbranes do not appear thickened but the
perivascular space is tremendously increased in width due to increased
collagen (c) deposition, mesenchymal cell remnants and reticular fibers.

(Reynold's lead citrate and uranyl acetate, 25, 200X)



Figure 14
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Figure 15

Case V, congenital aortic stenosis. This is a section through
an entire septal wall showing portions of two capillaries. The alveo-
lar spaces (A) are indicated for orientation. The capili#ry basement
membrane is thickened but the alveolar basement membrane is still
quite thin. Two fibroblast-like cells (m) are seen in the perivascular
space (p) between the two capillary walls. Some collagen deposition
is seen within the perivascular space, but it is not as pronounced as
in Figure 14. Abundant ret;icular fibers (r) are observed, especially
near the cytoplasmic bordgrs of the ‘fibroblast-like cells.

(Reynold's lead citrate and uranyl acetate, 12, 900X)



Figure 15
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Figure 16

Case V, congenital aortic stenosis. The entire septal wall be -
tween the adjacent alveolar spaces (A) is depicted. Mesenchymal cell
remfxants, increased collagen deposition (c), elastic fibers (e), and
edema are seen within the perivascular space. An alveolar type II cell
(a2) with microvilli and osmiophilic inclusion bodies i's present in the
lower left corner of the plate. Note that the attenuated cytoplasmic pro-
cesses of the alveolar type I cell do not extend under the alveolar type
II cell, The alveolar basement membranes appear to be normal but be-
come quite attenuated under the alveolar type II cell.

(Reynold's lead citrate and uranyl acetate, 17, 500X)



Figure 16
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Figure 17

Case V, congenital aortic stenosis. This section shows a marked -
ly widened perivascular space with an enclosed leucocyte (L). The peri- |
vascular space (p) also shows edema, mesenchymal cell remnants (m)
and patchy collagen deposition. The capillary basement membrane (cb)
is slightly thickened. A space (x), extending through the endothelial cells
to the capi}lary basement membrane, can be seen in the lower portion of
the field. Attention is called fo the vacuolization (v) within the endothe-
lial investment.

(Reynold's lead citrate and uranyl acetate, 12, 900X)



Figure 17
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Figure 18

Case V, congenital aortic stenosis. The alveolar space (A) is
indicated in the lower port.ion of the micrograph. A “leucocyte with a
lobulated nucleus is seen within the perivascular space. Collagen (c),
reticular fibers, and elastic fibers (e) are prominent in the area sur-
rounding the capillary. The endothelial investment (E) of the capillary
is remarkable in that a large area of separation is noted within which
some material (x) resembling collagen is seen. The capillary base-
" ment membrane is indistinct in an area above this endothelial separa-
tion.

(Reynold's lead citrate and uranyl acetate, 12, 000X)
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Figure 19

Case VI, acquired mitral stenosis with minimal mitral insuffi-
ciency. The central area of this figure is occupied by a capillary lined
with endothelium (E). Only small areas of the alveolar spaces are shown
at the periphery of the field. The capillary basement membrane is mark-
edly thickened but the segments of alveolar basement membrane visible
in this figure appear to be essentially normal. In the lower portion of
the figure, the perivascular space contains a cell with long cytoplasmic
processes and clusters of osmiophilic inclusions cut in both cross and long-
itudinal directions. Inclusions near the lower picture margin resemble
those filling the cytoplasm of the mast cell in Figure 3. The perivascu-
lar‘ space also shows inc'rease:d. collagen (c) deposition and accumulations
of amorphous material which is probably elastic tissue (e). The mesen-
chymal cell (m) above the capillary is probably a pericyte.

(Reynold's lead citrate and uranyl acetate, 17, 500X)
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Figure 20

Case VI, acquired mitral stenosis with minimal mitral insuffi-
ciency. The alveolar and capillary basement membranes (x) can not
be distinguished as separate entities in some areas above the nucleus
of the endothelial cell lining the capillary. Toward the bottom of the
figure, deposition of delicate reticular fibrils appear to separate the
alveolar and capillary basement membranes. In these areas of separa-
tion, the alveolar basement membrane appears much thinner than that
of the capillary.

(Reynold's lead citrate and uranyl acetate, 20, 500X)
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Figure 21

Case VI, acquired mitral stenosis with minimal mitral insuffi-
ciency. This is a section through a compiete septal wall s.howing the
alveolar spaces (A) on both sides. The nucleus of an alveolar type I
cell (al) can be seen in the lower right corner of the figure. Note the
attenuated cytoplasmic extensions which form the pulmonary surface
lining. The capillary basement membrane (cb) and alveolar basement
membrane are clearly delineated and slightly thickened. The perivas-
cular space (p) is widened with increased collagen deposition (c), reti-
cular fibers, and mesenchymal cell derivatives.

(Reynold's lead citrate and uranyl acetate, 23, 500X)
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Figure 22

Case VII, acquiréd mitral stenosis.' Two capillaries (C) are
seen in the figure with the alveolar space (A) at the right margin.
There is copious transudate within the alveolar space. The lumina
of the capillaries are lined by an endothelial investment (E) showing an
increase in width and prominent vacuolization and vesiculation. The
perivascular space éontains a tremendous. increase of collagen (c) and
mesenchymal cell derivatives. The capillary basement membrane (cb)
is markedly thickened and in one portion a mesenchymal cell remnant
(m) appears to be embedded in the matrix. The alveolar basement mem-
brane shows only slight thickening. The alveolar epithelial layer con-
tains large vacuoles (v) and small vesicles.

(Reynold's lead citrate and uranyl acetate, 18, 000X)



Figure 22
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Figure 23

Case VII, acquired mitral stenosis. The alveolar epithelial
lining appears to be lost at the right margin of the figure (x). The
transudate filled alveolar space (A) superficially resembles a capil-
lary, particularly sinc;a it contains a red blood cell, therefore, the
capillary (C) has been indicated for proper orientation. The perivas-
cular space is markedly widened with increased collagen deposition (c).
There is a mesenchymal cell (.m) within the perivascular spa'ce which
shows prominent vacuolization (lv). The capillary basement membrane
(cb) is quite thickened whereas the alveolar basement membrane is
thin in appearance.

(Reynold's lead citrate and uranyl acetate, 12, 500X)



Figure 23
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Figure 24
Case VII, acquired mitral stenosis. At the lower right margin,
a fat embolism (FE) is depicted in the transudate filled alveolar lumen
(A). The capillary and alveolar basement membranes both are increased
in width. Increased collagen deposition is noted in the perivascular space
(p). 'The capillary (C) is lined by endothelial cytoplasm which contains
numerous vesicles. |

(Reynold's lead citrate and uranyl acetate, 18, 000X)



Figure 24
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Figure 25

Case VIII, patent ductus arteriosus with reversal of flow, and
pulmonary hypertension. The cytoplasm of the pulmonary surface lini
ing contains many small vesicles (x). The alveolar basement mem-
brane appears, in some areas, to fade into the perivascular space (p).
However, neither the alveolar basement membrane nor the capillary
‘basement membrane appears to be appreciably thickened. The perivas-
cular space contaips portions of mesenchymal cells (m) and shows in-
creased deposition of collagen and reticular fibers (r).

(uranyl acetate, 24, 500X)
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Figure 25
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Figure 26

Case”VIII, patent ductus arteriosus with reversal of flow, and
pulmonary hypertension. This figure illustrates a typical alveolar type
II cell (a2) with its characteristic microvilli and osmiophilic inclu;ion
bodies. Increased deposition of collagen and reticular fibers in the
perivascular space (p) is still obvious even at this low power magnifi-
cation. Mesenchymal cell elements (m) are also seen in the perivascu-
lar space. The capillary occupying most of the lower half of the field
contains portions of a red blood cell and a lymphocyte.

(uranyl acetate, 12, 500X)



Figure 26 '
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Figure 27

Case VIII, patent ductus arteriosus with reversal of flow, and
pulmohary hypertension. Thi.s figure is a longitudinal section through
the alveolar-capillary membrane, oriented so that the capillary lumen
(C) and the alveolar space (A) occupy respectively the right and left mar-
giﬁs of the page. The alveolar space contains a portion of a free alveo-
lar macrophage which possesses microvilli. Attenuated cytoplasmic
extensions of the alveolar‘tlype I cells separate the alveolar space from
the deeper structures of the septal wall. Portions of two cells are seen
in the perivascular space. The upper cell (x) is a macrophage contain-
ing an ingested red blood cell. The lower cell (m) resembles very close-
ly the nucleated capillary endothelial cell (E) at the top of the figure. At-
tenuated cytoplasmic processes of this endothelial-like cell often appear
to form a lining for portions of the perivascular space. Increased de-
pbsition of collagen and reticular fibers occupies most of the non-cell-
ular regions of the perivascular space (p). The capillary and alveolar
basement membranes do not appear to be thickened.

(uranyl é.ceta.te, 12, 500X)
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Figure 28

Case VIII, patent ductus arteri;osus with reversal of flow, and
pulmonary hypertension. This figure is a longitudinal section through
the septal wall which is situated between two adjacent alveolar spaces
(A). A portion of an alveolar capillary (C), containing a leucocyte, can
be seen in the éeptal wall. The alveolar and capillary basement mem-
branes do.not appear to be thickened, but the perivascular space (p) is
widened markedly and shows a definite increase in collagen (c) and
elastic (e) fiber deposition. The alveolar space at the bottom of the
figure shows a segment of an alveolar macrophage (M) with microvilli
and lamellated, osmiophilic inclusion bodies, some of which are free
in the alveolar lumen.

(uranyl acetate, 13, 300X)
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Figure 29

Case IX, acquired mitral stenosis. The lumen of the capillary
(C) is invested by anucleated endothelial cell and its cytoplasmic ex-
tensions. The capillary (cb) and alveolar basement membranes appear
to be fused in some areas and are markedly increased in width. An
increased deposition of reticular fibers (r) is observed within the peri-
vascular space. The epithelial lining of the alveolar space (A) does not
appear to be increased in width. |

(Reynold's lead citrate and uranyl acetate, 19, 800X)



Figure 29
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Figure 30
Case IX, acquired mitral stenosis. Marked endothelial (E)

swelling can be seen in this figure. Large vacuoles and numerous
small vesicles are clearly denoted in the endothelial cytoplasm. The
darkly staining body (x) is seen to have many small vesicles'abutting’
on its surface. The capillary basement membrane (cb) is quite thick
and fine reticular fibers (r) are depicted in the surrounding septal
space.

(Reynold's lead citrate and uranyl acetate, 16, 300X)



Figure 30
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Figure 31

Case X, acquired interventricular septal defect. Portions of
two capillaries (C) which appear to project into the alveolar space (A)
are demonstrated in this figure. A red blood cell is seen within the
alveolus. The capillary basement membrane (cb) is thickened and, in
some areas, fuses into the fibrillar material within the perivascular
space. The alveolar basement membrane (ab) is also thickened. Fine
reticular (r) and collagen fibers are indicated. A few mesenchymal
cell derivatives are seen within the perivascular space.

(uranyl acetate, 21,100X)
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Figure 32
Case X, acquired interventricular septal defect. Underlying
the alveolar type II cell (a2) an area of vacuolization (X) is seen. The
alveolar basement membrane, although markedly attenuated, is not
disrupted in this area. The capillary basement membrane (cb) is in-
creased in width. Fine reticular fibers (r) and a mesenchymal cell
component (m) are found in the perivascular space.

(uranyl acetate, 18, 000X)



Figure 32
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Figure 33
Case X, acquired interventricular septal defect. ’I:he endo-
thelial cell lining (E) is appreciably thickened and contains many small
vesicles. "The perivascular space (p) contains collagen fibers and me-
senchymal components, one of which has an enclosed f;t inclusion (F).

The epithelial lining of the alveolar space (A) is not increased in width.

(Reynold's lead citrate and uranyl acetate, 24,400X)



Figure 33
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Figure 34

Case XI, congesfive heart failurle. The endothelial (E) cell |
lining of the capillary is wbithin the normal ranges of thickness, but
attention is called to a fat inclusion (F) within this cell layer. In-
creased elastic fibers (e) and collagen fibers (c) are seen-in the peri-
vascular space. A mesenchymal cell (m) is also depicted in this
area. No underlying vacuolization is seen beneath the alveolar type
I cgll (a2) which forms part of the pulmonary surface lining of the
alveolar space (A).

(Reynold's lead citrate and uranyl acetate, 16, 700X)



Figure 34
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Figure 35

Case XI, cbngestive heart failure. This is a section through
a septal wall with alveolar spacesr; (A) seen on both sides. There is in-
creased elastic fiber (e) deposition and the elastic fibers themselves
are very darkly stained and are without sharp borders. Collagen fibers
(c) are also ma;lgedly increased in number and are heavily stained, but
they can be separated from the elastic tissue by their characteristic
periodicity. A mesenchymal cell component (m) with numerous ribo-
somes is seen within the markedly widened perivascular space. The
capillary (C) is lined by a thin layer of endothelial‘ cytoplasm.

(Reynold's lead citrate and uranyl acetate, 12,900X)
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Figure 35
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Figure 36
Case XII, pulmonary fibrosis. This figure is a low power
magnification a;nd it demonstrates the remarkable fibrotic condition
of the septal walls. All alveolar spaces (A) and capillaries (C) have
been labelled to simplify orientation. Gross collagen deposition with
increased cellular components are evident. The thin area labelled
with a dash (-) i; an alveolar lumen which has been cut tangentially.

(Watson's lead hydroxide, 10, 000X)



Figure 36
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Figure 37

Case XII, pulmonary fibrosis. This area shows a normal con-
figuration of the alveolé.r-capillary membrane. increased reticular (r)
and collagenous ﬁbersv are within the perivascular space (p). The alveo-
lar and capillar.y basement membranes are quite narrow and well delineat-
ed. A large mesenchymal type cell (m) has, in some of its cytoplasmic
borders, fine fibrillar elements which resemble reticular fibrils. An
alveolar type II cell (a2) is situated above an area of vacuolization which
contains the microvilli of the alveolar cell. The alveolar basement mem-
brane is extremely thin and even aﬁpears to be lost in one area of this
vacuolated space. This apparent loss of the alveolar basement mem-
brane could possibly be due to artifact or to low magnification.

(Watson's lead hydroxide, 13, 300X)
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Figure 37



154

Figure 38

Case XII, pulmonary fibrosis. A cell which closely resembles
a monocyte occupies the center of the figure. The cytoplasm contains
numerous ribosomes and a well delineated Golgi apparatus (g). A me-
senchymé.l cell component (m), containing ribosomés, mitochondria and
a fat inclusion, is seen near the right margin. The areas labelled by
(X) are seen to contain cross and longitudinal sections of collagen. This
collagen is very lightly stained but the characteristic periodicity is evi-
dent.

(Watson's lead hydroxide, 19, 200X)



Figure 38
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Figure 39

Case XII, pulmonary fibrosis. . In the left upper portion of the
figure, a large pale staining area can be seen. The white '"holes' in
this region are cross sections of collagen fibrils (c). This ca;l be veri-
fied by comparing this area to a similar area in Figure 38. Two cells
occupy most of the central portion of this figure (x) and (y). One of
the cells (y) has a densely layered,. rough endoplasmic reticulum and
abundant mitochoﬁdria. It is probably a plasma cell. The other cell
(x) has a rough endoplasmic reticulum and mitochondria, but the mem-
brane.s are not closely packed angl the intervening areas have a finely
reticulated appearance.

(Watson's lead hydroxide, 13, 300X)
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Figure 39
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Figure 40
Case XIII, congenital mitral stenosis. A portion of a red
blood cell is seen in the capillary lumen (C). An endothelial cell nu-
cleus (E) and-its.cytoplasmic extensions invest the capillary. A mark-
ed increase in width is seen in the capillary basement membrane (cb).
Fine reticular fibers and mesenchymal cell cofnponents (m) aré ob-
served in the perivascular spacé. | The perivascular space is greatly

widened. Vacuolization is noted in the mesenchymal cell component.

(uranyl acetate, 25,200X)



Figure 40




160

Figure 41
Case XIII, congenital mitral stenosis. The alveolar type I
epithelium lining the alveolar space (A) shows pfominent vacuolization
(v). Both basement membranes appear fused, but in s;)me areas colla-
gen and reticular fibrils are noted inthe perivascular space (p). The
capillary endothelium is not markedly increased in width.

(uranyl acetate and vanadatomolybdate, 29, 400X)
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Figure 41
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Figure 42

Case XIII, congenital mitral stenosis. A tremendous widen-
ing of the perivascular space (p) is shown in this figure. There is in-
creased collagen (c) and reticular (r) fiber deposition which fused into
the alveolar basement membrane. The capillar}} basement membrane
(cb) is markedly thickened. ‘ Thé alveolar type II cell (a2) shows vacu-
olization and the cha’racteristié osmiophilic inclusions, but the micro-
villi are not prominent.

(uranyl acetate and vanadatomolybdate, 21, 700X)



Figure 42
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Figure 43

Case XIII, congenital mitral stenosis. This is an area through
a septal wall. In the upper portion of the figure, an alveolar type II
cell (a2) can be seen which contains vacuoles, an inclusion body, and
numerous microvilli. The alveolar basement membrane fuses into
""pockets' which contain collagen (c) and reticular (r) fibers. A me-
senchymal cell component (m) rests in the perivascular space. Numer-
ous small vesicles are seen in the alveolar type I lining of the alveolué
(A).

(uranyl acetate, 29,400X)



Figure 43
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Figure 44
Case I, pulmonary stenosis. The reticular fibers are vefy
fine and are not easily distinguished in the alveolar walls. (Gomori's

reticulum - safranin 0, 64X)

Figure 45
Case I, pulmonary stenosis. The alveolar septa show delicate
strands of collagen. The collagen is more intensely stained in the inter-

lobular area. Many free alveolar macrophages are present. (Koneff

stain, 82X)

Figure 46
Case II, interventricular septal defect, left superior vena caya,
and pulmonary hypertension. The alveolar septal walls show a definite
increase in reticular fiber deposition and appear much thicker than those

in Figure 44. (Gomori's reticulum - safranin 0, 64X)



Figure 44

Figure 45

Figure 46
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Figure 47
Case IV, atresia of a left common pulmonary vein, patent duc-
tus arteriosus, interventricular septal defect and pulmonary hyperten-
sion. Increased collagen fibers and cells are depicted in the alveolar
walls. There is also an abundance of free alveolar macrophages in the

alveolar spaces. (Masson trichrome, 64X)

Figure 48
Case 1V, atresia of a left common pulmonary vein, fJatent-duc-
tus arteriosus, interventricular septal defect and pulmonary hyperten-
sion. A marked increase of reticular fibers is evident in this figure. .

The capillaries are particularly well invested with a reticular network.

(Gomori's reticulum - safranin 0, 64X)

Figure 49
Case IV, atresia of a left common pulmonai'y vein, patent duc-
tus arteriosus, interventricular septal defect and pulmonary hyperten-
sion. This preparation shows intensely staining collagen about the capil-
laries, whereasv, the in.creased collagen within the septal walls have a deli-
cate, pale-staining appearance. The septal walls are extensively widen-

ed. (Koneff stain, 64X)
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Figure 47

Figure 48

Figure' 49
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Figure 50
Case V, severe aortic stenosis. Attention is called to the
celiularity evident in the alveolar walls. A 'layering' effect is noted
in some areas in which the cells appear pushed to the alveolar surfaces.
The 'mterveni'ng area is clear and this is suggestive of an edematous

condition in these areas. (Gallocyanin-chrome alum, 64X)

Figure 51
Case VI, acquired mitral stenosis. The alveolar septa show
some areas of extensive collagen deposition. The capillaries appear

quite hyperemic. (Masson trichrome, 64X)

Figure 52
Case VI, acquired mitral stenosis. The reticular fibers are |
particularly abundant about the vessel and are also easily observed with-

in the alveolar walls. (Gomori's reticulum - safranin 0, 64X)



Figure 50

Figure 51

Figure 52
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Figure 53
Case VII, acquired mitral stenosis. The alveolar spaces are
filled with copious transudate. Numerous vacuoles are present. A mark-
ed increase of collagenous fibers‘is noted in the alveolar septa. Attention
is called to the vessel in which extensive fibrosis had markedly compro-

mised the lumen. (Koneff stain, 82X)

Figure 54
Case VII, acquired mitral stenosis. The alveolar walls are ex-
tensively laden with elastic tissue and appears to be thickened. (Orcein-

fast green, 64X)

Figure 55
Case VII, acquired mitral stenosis. This case also has a marked
reticular fiber increase in the septal walls. The reticular fibers from a

very dense network in some areas. (Gomori's reticulum - safranin 0,

82X)



Figure 53

Figure 54

Figure 55
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Figure 56
Case IX, acquired mitral stenosis. Extensive reticular fiber
deposition is noted throughout the alveolar walls.” Attention is called

to the capillaries which are well invested with reticular fibers. (Gomori's

reticulum - safranin 0, 64X)

Figure 57
Case IX, acquired mitral stenosis. The blood vessel at the
right border s;hows marked fibrosis of the tunica externa and some sub-
endothelial thickening. The septal walls are very thick and a definite

increase of collagen fibers and cells is noted. (Masson trichrome,

64X)

Figure 58
Case IX, acquired mitral stenosis. The elastic tissue deposi-
tion was increased in this case. The alveolar walls appear to be thicken-

ed markedly. (Orcein - fast green, 64X)
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Figure 56

Figure 57

Figure 58
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Figure 59
Case X, acquired interventricular septal defect. The alveolar
walls are increased in width throughout most of the field. There is a
moderate increase of reticular fibers in the alveolar walls. (Gomori's

reticulum - safranin 0, 64X) —

Figure 60
Case X, acquired interventricular septal defect. This is a
section through an interlobular septum with surrounding alveoli. Atten-
tion is called to the cuboidal lining epithelium along the septum and, in
some areas, .on the alveolar walls. The collagen only appears stained

in the interlobular septum. (Koneff stain, 64X)

Figure 61
Case XI, congestive heart failure. In this preparation, the
elastic tissue was only minimally increased. However, at the ultzra-
structural level, there was a definite elastic tissue increase. Attention
is calied to the very ''smudgy'' appearance of the elastic fibers. They

are not clearly defined in this preparation. (Orcein - fast green, 64X)
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Figure 59

Figure 60

Figure 61
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Figure 62
Case XI, congestive heart failure. Even though the alveolar
walls do not appear markedly increased in width, it is apparent that
most of the component present within the wall is collagen. | (Masson

trichrome, 64X)

Figure 63
Case XIII, congenital mitral stenosis. The reticular fibers
are markedly increased and appear closely interwoven. (Gomori's

reticulum - safranin 0, 64X)

Figure 64
Case XIII, congenital mitral stenosis. The darker staining
cells formed the lining epithelial layer, whereas the cells with light,
stippled chromatin material were the celis noted in the septal walls

and free in the alveolar spaces. The increased cellularity noted at the

ultrastructural level for this case is clearly evident here. (Turchini, 82X)

Figure 65

Case XIII, congenital mitral stenosis. In this reproduction,

the areas of positive staining for elastic fibers are not well seen. Even

though the fiber content was not increased, it was seen within the alveo-

lar walls. (Orcein- fast green, 64X)
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Figure 62 ' | Figure 63

Figure 64

Figure 65






