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Dr . Victor Eisenmenger ' s original c as e report . 

(Die angeborenen Defecte der ~mmersche id ewand des Herz e ns . 
Zeitschrift fuer Klinische Med icin . 32 (Suppleme ntal issue ): 
1-28 , 1897 .) --

Froim Richtman , 32-year-old , ma rr i ed , coachman from Krabaz , Hun
gary , was acc e pted in the Clinic on  1894 . 

Besides his current illness , from which he has suffered since 
earliest childhood , he has not had rhe uma t ic fever , or b een feb
rile , or had any other illness . 

He deve loped normal l y , progre ssed we ll in school . He got mar r ied 
when he was 20 and he has a healthy child. 

Since his ear ly childhood , his pare nts noticed the blue coloring 
of his skin , which inc reas ed greatly with the slightest exertion , 
such as crying , etc . Also , every exertion brought on s ho r tness of 
breath; however , he c ould do his job as coachman quit e well . 

In  of 1894 the patient noticed for the first time , that 
without cause his legs began to swell and he suffered even more 
than before from shortness of breath and palpitation . This condi
tion continued with changing intensity and mad e the patie nt come 
to the hospital . 

The data given by the patient ar e very precise and confirmed by 
the visiting mother . The latter told that she , as well as her hus
band , had always been well and that the pregnancy , birth and child
bed followed a normal course. 

Present status : patient is rather tall, with heavy bone st r ucture, 
moderately developed muscle s , little panniculus adiposus . The 
skin and the visible mucous membranes were cyanotic to a high de
gree , especially the skin over the prominences . The nec k long, of 
middle 'width; a slight swelling of the vena jugula r is was notice
able , especially on the right side , and it had a distinct undula
tion . 

Thorax rather long , of middle width, noticeably a rched, abdomen 
slightly bloated , on the ankles and the backside of the thoracic 
skin slight edema . The end digit of the fing ers slightly thicken
ed, the nails considerably curved , claw-like . Over both anterior 
apices of the lung clear , full percussion sound , reaching on the 
right side to the lower edge of the 7th rib , on the left side to 
the upper edge of the 4th rib . Posteriorly , everywhere clear 
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full percussion sound in normal expansion, on auscultation the 
sign of a diffuse catarrh . 

In the region of the heart a strong shock of the thoracic wall is 
noticeable , which sprea ds also beyond the normal limits of the 
heart . The apex beat is found in the 6th intercostal space , 6! em 
to the outside of the mammillary line , at which place the cardiac 
dullness begins and reaches to the right 4 em beyond the right 
sternal border . 

At the base the cardiac dullness reaches to the 4th intercostal 
space from the mammillary line to the l e ft sternal border . In the 
left side position , the apex of the heart shifts by about l em to 
the left . 

Over the apex of the heart a murmur ac compani ed by a palpable 
thrill can be he a rd in systole and a dull second sound . The mur
mur can be heard to the right in the entire area of the ca r diac 
dullness . The maximum point is in the middle of the cardiac dull
ness and dec reas es in all directions in intensity , upwards and to 
the left faster than downwards and to the right . Over the aorta 
and the pulmonary artery it cannot be heard. 

In t~e remaining cardiac orifices , the heart sound is somewhat 
duller , but clearer , the second pulmonary sound not accentuated . 

The liver dullness extends · beyond three fingerbreadths below the 
rib-cage and reaches on the left to the left mammillary line. The 
liver edge is plainly palpable , firmly rounded, the spleen dull
ness very much enlarged . Othe rwise , no abnormalities are noted in 
the abdomen . Pulse rate is somewhat irr egular (108 ), not full , ar
tery soft , urine 1500 em, straw colored, clear , acid , contains 
small amounts of albumin and scanty granulat e d casts . The examina
tion of the blood wa s negative ; Fleischl approx . 120%. Result of 
ophthalmoscopic examination: negative . Therapy : Digitalis 1.5: 
1500 . 0 , later on Diuretin 6 . 0 per diem . 

Remarkable is the behavior of the pulse. After the irregularity 
had disappeared under the influence of the digitalis, the pulse 
was between 72 and 80 . 

Sometimes the frequency sank , to 42-46 and the numbers in between 
could not be observed , but each time it was recognizable that the 
pulse wave was doubl e d . In such a moment a pulse curve could be 
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r e gistered . Unfortuna t ely , it has be e n lost and there fore I hav e 
to limit mys e lf to its d escription . 

Two elevations always follow e d e a ch other rapidly , and the y were 
separat e d from the next one by r at her long pauses . Between the s e 
two e levations , in whic h the s econd was c onsiderab l y lower than 
the first one , the stylus d i d not sink to the axis of the abs c issa . 
Both , especially the s eco nd one , showe d pronounc e d dicrotic eleva
tions - on the wh ole it was the c u rve o f a pulsus b igeminus alt er
nans . I could n e ver find a doubl ing of the apical beat ; still , I 
had the impression that the apical b eat was of longe r duration 
than normal . 

However, on auscultation , the doubling of the heart action was 
sometime quit e easily obs er ved, e v e n if the sounds c orr e sponding 
to the second pulse wave were weaker . 

Alert e d by the repeated examinations in th is direction , t he pa
tient explained that h e could not only fe e l the doubling of the 
heart b eat , but that he was able to prod uc e it . For this purpose, 
he slowly turne d on h is right side and whe n with this mov eme nt he 
passed the right sid e position , the phe nome non ind eed appe a red . 
During the cour s e of his illness the patient , who spent 4 mont hs 
in the hospital , improved and wor s e ne d re peatedly . 

Once , for several days , the appe a r anc e of a weak diastolic murmur 
at the point of the systolic maximum point was obs erved. Towards 
the end the edema became g e neralized, the pati e nt became very weak , 
suffered from headaches and repeated vomiting , the puls e became ir
regular , almost impa lpable and on t h e 13th o f Nov ember , a fter se
vere he moptysis , the patient suffered exitus le talis . 

FINDINGS OF THE SECTION (Pr of . Dr . Kolisko ) 

Clinical diagnosis : defectus s epti ve n tric ulorum ; infa rct us pul
monum . 

Anatomical diagnosis : Defectus s epti ve nt r iculor um c ordis (partis 
posterioris s e pti anter ioris ) subsequente hypertrophia cord is 
praecipue vent r iculi dextri. Cicat r i ces mult iplices myocardii 
ventriculi sinistri e myomalacia . Degeneratio myocard ii adiposa 
incipiens . Hype r a emia mechan i c a universa l is . Infarctus ha emor
rhagicus pulmonum . 

The body tall , strongly built , thin . The skin pale y e llow in the 
anterior parts , diffusely dark violet in the posterior parts, only 
in the fac e and on the neck cyanotic , the ext remiti e s ma r ked with 
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striped and dotted b l ood effusi o ns ; the subcutaneous parenchyma 
with the e xc eption o f h ead , n eck and upper ches t , highly swol len 
by edema , most p ronounc e d l y so at the l ower e x tremitie s . The visi
ble mucous membr ane s cyanotic , the pup i l s d i l a ted , the nec k short , 
the thorax long , wide, a rc he d , the a bdome n flat . At the e nd p ha
langes of the upper extremitie s sligh t th i c k en ing of the bone 
noticeabl e (drumstick finger ). 

The scalp plethor i c; t e skul l spacious me socephalical l y , thin 
walled , compa c t; the dura taut and plethor ic , the arter i es burst
ing with fluid blood . The inner me ninge s p l ethor i c, de l icate , 
along the media l bor der of the hemisphere c overed with pacchinoid 
granulations . The brain somewhat swollen and softer, the cor t e x 
grayish-purple everywhere, the me dul l a , on s ec tion , s howed innumer
able blood dots , in the s e miova l center also isol a te d c api lla r y 
blood effusions . In t he le ft gyr us fornicatus , near the c or pus 
callosum , the cortex is replaced by a sc lerotic g r ay growth the 
size of a pea . The chambers a re na rr ow ; t h e tela chr ioid ea is 
plethoric , t he basa l cerebra l arter i e s have del i c a te wa lls . On 
ope ning the abdomina l cavity , ! l i ter of s erous clea r flu id was 
found . The diaph ragm is high on both sides . 

The uppe r half of the pe r i c a rd ium is covered by the bloa ted ed g e s 
of the upper lobes which t ouch each other , the lower half lies 
free 14 em wid e , and the ant e r ior ed g e of t he le f t l ower lobe is 
pushed back to the anter ior axi lla ry l ine . After the lung bor ders 
have b e en pulled ba c k , t he p e rica r d ium appears so e nla r g ed, that 
its width comes to 20 e m and i t s he ight to 16 em. In t he ple ur al 
spaces there is i l i ter of s er um e a ch , the lungs are lightly ad
herent in the pos ter ior per ipher y " 

The enlargement of the per i c a r dium s eems to be affected by the 
enormous e nlarge ment of the heart itself , in the p eric a rd ial cav
ity only 1/ 8 liter of s er um is f ound. The per ica r dium is cyanotic , 
smooth and shiny in both lobes . 

~ 
The heart is 5 time s en l a r g ed , appr ox . 20 em wide and 16 e m long; 
the most e nla r ged pa rt is the right a tr ium , wh i ch is larger than a 
man ' s fist . Both ve ntr i cles are bulging greatly , e special l y the 
right one , both have r igid walls; the l a r ge vessels at the base of 
the heart appea r in nor ma l position to each other, but a re notice
ably dilated; the pu l mona ry veins e nter the per i cardial cavity 
like sausage s the size of a thumb. 

On the left v e ntr i cle , namely towa r ds the apex , numerous fibrous 
callous places of the musculature g l is ten through the peric a rd ium; 
they are jagged , l e n t i l-sized to pe nny~sized. All per ica rd ia l 
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cavities a re greatly e nlarged and are b ur sting with slightly clot
ted and fluid , blackish-re d blood . 

The l ef t v e ntricle is 8-10 mm thick , c ontains at its bulging apex 
a globulous ve getatio n the size of a pidge on e gg ; it is centrally 
softened; its flesh is dark r e d-brown , covered with callosities , 
especially at the apex of its poster i or wall; the endocardium is 
tend er and shows in places t he y e llow tiger stripe s of the inner 
muscle layers; the papillary muscles a re th in and stre tche d at the 
apices , fibrous; the trabeculations a re st re t c hed , in some plac e s 
almost membranous; its venous ostium is wide n ed (3 fing e rs can 
pass through ), the apices of t he bicuspid va l v e a re ver y delicate; 
like they are stretc hed , so are the cords , whic h a re taut ; the 
left atrium is moderately dilat ed , thin wa lled , in the left side 
of the atrial s e ptum no abnor mality is found . 

The right ve nt r ic le ne a rly t h e size of a man ' s fist , its wa l l is 
thickened up to 10 mm , its trabecula tions and papi llary musc les 
are thickene d and greatly p r otruding ; the e ndoca rd ium is del i cat e , 
it shows h e re and there the y e llow tiger stripe s of t he inner 
layers of the otherwis e dark-red mus c u lature. The r ight venous 
ostium is rather wid e (4 fingerbreadths ) , the valve s are ma r k e dly 
fibrous and e nla r g e d , e special l y in the inne r apex; so a re the 
cords , without really a visible deforma t ion . 

The conus of the pulmonary arter y is nor ma ll y si t uated to the 
right v e ntricle aoo moderately e nla r ged but has in the posterior 
part ~' which cor responds to the anter ior ven tr i cular septum , a 
large , circular defect , which creates a c ommunication the size of 
a thumb , betwe e n the two v e nt r icl e s , This defect, si t ua ted an
teriorly to ~he inner apex of the t r icuspid va lve , is bordered on 
the lower sid e by the fl e shy upper border whi le in the back it is 
defined by the fib r inous , thic k e n e d and ledge-like s e ptum mem
branac e um . Upwa rds the d e fect is so situated with relat ion to the 
aorta , that its lume n falls half in the r ight and hal f in the left 
ventricle , Th e aortic valve s themselves a r e d e licate and although 
the rigft t and poster ior one is pull ed down somewhat toward the de
fect, it can close. The pulmonary valves a re delicate and can 
close also , 

The right auricle, e n large d the most , has a v e ry t h in wall , its e n
docardium is delicate. The venae cavae e n ter ing it are not ma r ked
ly enlarged; on the s ept um , corresponding to the location of the 
foramen ovale , a l e dge- like, fibrinously thicke ne d, ! em long , 
oblique e ndocardial r idge can be found , The orifice of the coro
nary ve in is very wide. 
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The somewhat enlarged pulmonary artery shows at its inner surface 
end-arterial-like thickenings , which go a l l the way into the main 
branches of the vessels . 

The aorta , however , which is of nor mal dimensions , is th in-skinne d 
and smooth on its inner surface . 

The ostia of the coronary arte r ies are wide , the cor ona r y a r ter ies 
have delicate walls . In place of the Duc t us Botalli only the usual 
fibrous cord can b e found . 

The veins in the neck are somewhat dilat e d , the l e ft jugularis in
terna is obstructed by a loose blackish-red thrombus , whic h con
tinues as a brown , marginal and firmer attache d thrombus of the 
left innominate by which the orifice of the jugul a ris is displaced . 

The oral and pharyngeal cavities , the larynx , the t r a chea , and the 
bronchi are empty , the mucous membrane s cyanotic everywhere . The 
lungs emphysematous , plethoric , flooded by frothy s erum , insid e 
the left upper lobe and the l e ft lower lobe permeated wit h a 
blackish-red , hemorrhagic infarct , in which v esse ls obstr ucted by 
the thrombus can be found . The liver is plethor i c , somewhat firm . 
The splee n is doubled in size , plethoric , firm . 

The kidneys enlarged , very hard , dark b r ownish- red , the cortex 
which in traces is spotted yellow shows isolated small foci of 
ischemic necrosis . Bladder contracted , ge nitalia not rema r kable . 

Stomach contracted , the mucous membranes cyanotic ; mucilaginous 
gall covers the duodenum , in the ductus coledoc hus there is mucin
ous gall also . 

Small intestines contracted , mucous membranes cyanotic . In the 
cecum and ascending colon a blackish-red hemorrhagic pu l py mass , 
the mucous membranes cyanotic and ecchymosed . 

In the ~emaining large intestine , fec e s gall yellow in color , 
mixed with mucus . 

(Translated courtesy of Brigitta Payne . ) 
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Case #1 -   Eisenmenger ' s Syndrome 

26-year-old  male with lifelong symptoms of easy fatigability , 
shortness of breath on exertion . The patient worke d despit e thes e 
symptoms and occasional "blackout spe lls" with exertion . Minimal 
cyanosis is noted to worsen on exertion . The pati e nt's ability to 
work has been gradually diminishing and in r e c e nt years he has had 
several bouts of hemoptysis . 

Physical examination : blood pressure 140/ 80; puls e 92 . Slight 
white male who reveals mild cyanosis and clubbing . Heart : r ight 
ventricular heave, regular rhythm , very loud P2 with fixed spit
ting, variable soft systolic murmur at upper l e ft st ernal border . 

Hemoglobin : up to 19 . 6 gm%- lowered by phlebotomy . 

Electrocardiogram : right axis deviation , right ventricular 
hypertrophy . 

X-rays : cardiac size at upper limits of normal . Pulmonary a rtery 
large, right ventricle large . 

Lung biopsy ( / 65): no significant arterial or arteriol a r 
changes seen . 

Cardiac Catheterizations 

1954 

Site Pressure 02 sat 

RA 4 72 

RV 65/ 38 83 

PA -§3 / 32 ' 4 0 79 

AO 

LV 

90/ 50 , 64 

1 . 75 L/ min 

1 . 0 L/ min 

93 

1962 1963 

Pressure 02 sat Pr essure 

4 67 3 

100/ 4 67 109/ 7 

108/ 80, 88 74 118/ 75 

120/ 85 , 103 

124/ 11 

02 sat 

61 

68 

78 

88 
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Case #2 -  Eisenmenge r ' s Syndrome 

12-year-old  male with long history of mild cyanosis aggra
vated by exertion and limited exercise tolerance . The pati e nt is 
slender but tall and well developed . The prominent findings a re 
right parasternal lift , very loud P2 and no murmurs or gallops . 
Electrocardiogram showed right axis deviation , right ventricular 
hypertrophy, right ventricular strain , "RVSO" . X-rays showe d a 
nearly normal heart size , prominence of pulmonary artery and right 
ventricle with diminished peripheral pulmonary vascula r ity . No 
progression of x-ray or electrocardiographic findings noted b e 
tween ages 7 and 12 . He was submitted to a pulmonary artery band
ing procedure at age 12 followed by slight symptomatic improve me nt 
but definite worsening of his cyanosis . 

Cardiac Catheterizations 

Age 

Site Pressure 

RA 5 
RV 90/ 5 

PA 120/78 , 98 

Wedge 

AO 120/ 80 , 98 

SBF (L/ min) 3 . 2 

PBF (L/ min) 1.7 

R - L (%SBF ) 47 

PVR (IJ. ) > 28 

8 

02 sat 

61 

61 

74 

Age 12 

Pressure 

5 
108/ 0-6 

106/ 60 , '76 

5 . 04 

2 . 1 

58 

02 sat 

63 

63 

78 

Addendum Follow-up (courtesy of Martha Ca r pent e r , M. D., Depa r t
ment of Surgery , University of Virginia Hospital , Charlottesvi lle ): 
This 19-year-old boy (seen 66) has bee n follow e d in t his hos
pital with the diagnosis of Eisenmenger's complex with a ventricu
lar septal defect. In  196 0 he underwent cardiac catheter i
zation which showed equal pressures on both side s of the h eart and 
peripheral arterial desaturation to 65% , It was f e lt that th e 
only way in which he could possibly be helped was pulmonary artery 
banding . This was carried out in  1960 , but the pulmonary 
artery could not be narrowed as much as was felt optimal because 
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Case #2 -  - Continuation 

of cardiac slowing . However, the pulmonary artery was na rrowe d ap
proximately 30% and there was a thrill distal to the band . Since 
his operation he has done much better than previously and is now 
able to work a full day and walks any distance he wants to without 
stopping. There have been no difficulties with infection or other 
difficulty within the past year . He continues to b e quit e cyanotic . 

Physical examination : reveals a small , thin , boy in no acut e dif
ficulty . He is markedly cyanotic at ; rest, and there is moderat e 
clubbing . Chest is clear. There is a right ventricular impulse 
maximal at the lower left sternal border . No thrills are palpable . 
First heart sound is normal and maximal at the apex . The s e cond 
heart sound is narrowly split and maximal at the upper left ster
nal border with a marke dly accentuated pulmonary closure sound . 
There is a grade II very short systolic ejection murmur maxima l at 
the upper l e ft sternal border and a peculiar twanging diastolic 
sound . The liver and spleen are not enlarged . The per ipheral 
puls e s are normal and equal. · 

Chest film : shows normal cardiac size with a r ound ed globular con
figuration and dilated main pulmonary artery s e gme nt . Pulmonary 
vascularity is decreased peripherally , Comparison with the preop
erative chest film shows that the heart now has a much more g lobu
lar configuration; but , otherwise , there is not t oo much change. 

Electrocardiogram : shows a QRS axis of +110 and r ight ve n tr i c ular 
hypertrophy . In addition there are pre tty good vent r i c u l a r poten-

J tials on the left . 
I • 

Impression : This patient has a ventricular septal defect with 
marked pulmonary artery hypertension and pulmonary vascular ob
struction as shown by his previous catheterizations . Pulmona r y ar
tery banding was done in August 1960; but I would doubt that there 
is any &ignificant gradient across his band or that he was help ed 
significantly by the banding , although he has done b e tte r sympto
matically since then . Since he has not been catheter ized post
banding I think he should be scheduled for cardiac catheter ization 
in order to determine just what his situation is now and whether 
or not any further surgical intervention might help him . Hemato
crit today is 64%; hemoglobin 21.7 gm . 
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Case #3 -  Small VSD 

History : 5-year-old  female with ·known murmur since birth. 
Patient has always tired more easily than her sibling , eats poor
ly , had pneumonia at age 3 months and frequent upper respiratory 
infections until 6 months prior to examination . No cyanosis , 
fainting or overt failure . 

Physical examination : blood pressure 114/ 60; 25 percentile for 
height and weight. Thrill at left sternal border , P2 normal, 
third sound at apex . Grade IV/ VI pansystolic murmur at left ster
nal border loudest at fourth intercostal space . 

Electrocardiogram : semi-vertical axis; QRS amplitude suggestive 
of left ventricular hypertrophy . 

X-rays : full heart consistent with minimal right ventricular en
largement , left ventricular enlargement and left atrial enlargement. 

Cardiac Catheterization 

Site Pressure o2 sat 

svc 4 67 PBF 3.5 L/min 

RA 4 68 SBF 2.6 

RV 27/ 2-8 76 L-R 0 . 9 

PA T6 75 PBF : SBF 1.3 : 1 

Wedge 10 PVR 1.7 i.1. 

AO 112/ 56 , 76 95 Dye curves Small L-R 

Comment : The history , electrocardiographic and x-ray findings are 
suggestive of a decrease in the volume of left-to-right shunt. 
Early spontaneous closure of ventricular septal defects is rela
tively common and late closure or relative decrease in size has 
been documented also. 
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Case #4 -  Moderate VSD 

9-year-old  female, asymptomatic . · Heart murmur discovered at 
age 6 weeks . 15th percentile for age in weight. Three siblings 
living and well . 

Physical examination: blood pressure 105/70. Slight cardiomegaly, 
precordial thrill and loud , rasping grade V/VI holosystolic murmur 
loudest fourth intercostal space at left sternal border. Third 
sound at apex. P2 normal. 

Electrocardiogram : horizontal axis, left ventricular hypertrophy, 
L~O . 

Fluoroscopy : p~ominent pulmonary artery, left ventricle, left 
atrium, ?right ventricle. 

Cardiac Catheterization 

Site Pressure 02 sat 

svc T 70 PBF 7 . 67 L/min 

RA T 70 SBF 3.86 

RV 19/0-6 82 L-+R 3 . 81 

PA - 20/8, TI 82 PBF : SBF 2 : 1 

Wedge 6 PVR < 1 

AO 120/68, 86 97 Dye curve L-+R 

Comment: Low pressure, moderate flow. At the present time correc
tion of this type lesion is frequently advised . There is much 
data tQ suggest that this type remains stable and is compatible 
with normal activity and life span threatened principally by an ap
proximately 5% chance of endocarditis and a poor tolerance for the 
additional burdens of hypertension or ischemic heart disease oc
curring later in life . 
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Case #5 -  Large VSD 

5-year-old  femal e who had nor mal growth, development and was 
asymptomatic . No cyanosis . 

Physical examination : blood pressure 104/ 56 . No cyanosis or 
clubbing . Positive findings were : heart e nlarged to right and 
left, thrill felt left third inte rcostal space at left sternal 
border with an associated grad e IV/ VI holosystolic murmur , P 2 loud 
and normally split , third heart sound h eard at the apex . 

Electrocardiogram : first de gree heart block , "P congenitale" , com
bined ve ntricular hypertrophy , left ventricular diastolic overload . 

X-rays : marke dly enlarged heart with biventricular enlargement, 
promine nt pulmonary arte r y , pulmonary ple thora . 

Cardiac Cathe terization 

Site Pressure o2 sat 

svc 6 65 PBF : SBF approx 2 : l 

RA 4 65 

RV 80/ 0-5 85 

PA 83 / 45 , 55 85 

Comment : Surgery was considered urgent (1958 )., At operation the 
patient had a large , high v e ntricular s e ptal de .f ect . The defect 
was closed but an aortic cusp was inadver tently torn . Patie nt 
died ~fte~ ten days of unre lenting heart failu r12 . 

Althou~h this type may occasionally progress to higher pressures 
with decreas es in left-to- r ight shunt , many havE= shown no change 
and some spontaneous improveme nt during the chiJLdhood-adolescent 
years . 
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Case #6 -   Patent Ductus with Reversal of Flow 

33-year-old  male felt well until age 15 when he ex pe rienc e d 
an episode of hemoptysis while riding his bicycle up a steep hill . 
A heart murmur had been known to b e pre s e nt since childhood , but 
he had been asymptomatic until this occasion . He was then without 
symptoms until age 25 when he had a massive hemoptysis while tak
ing a shower . He was referred to Dr . A . Nadas of Boston. Hemoglo
bin 18 . 4; electrocardiogram - right ventr icular hyper trophy . Car
diac cathe terization (data available to us b e low ) interpret ed as 
demonstrating severe pulmonary hypertension with bidirec tional 
shunting probably through a ventricular septal de fect . li years 
ago he developed dyspnea on exertion , pedal edema , ascites and cy
anosis and was admitted to  . Dr. Bashour 
noted that clubbing and cyanosis of toes weJ~e more pronounced than 
that of the fingers. Hemoglobin 25 . 6 . He i .mproved aft er phleboto
my , digitalis , bedrest. In  1966 he complained of inc reas
ing dyspnea , orthopne a and edema . Hemoglobin 17 . Improved after 
phlebotomy . 

Physical examination : blood pressure 130 / 80 ; puls e 88; r espira
tions 18 . Well developed, slightly plethor ic white male. Sl ight 
venous distention . Cyanosis and clubbing of toes mor e marked than 
that of the fingers . Heart : ~eft border of cardiac dullness at 
midclavicular line . Regular rhythm, Right v tentricular heave " 
Grade III/VI rough diastolic murmur at left s 1t ernal border . A 
short systolic murmur at third intercostal spmc e at left sternal 
border . Pulmonic second sound loud and widely' sp l it. Liver edge 
3 fb below right costal margin . Hemoglobin 17' . 

X-ray : prominent pulmonary artery and right ventricular enlarge
ment . 

Electrocardiogram : Right bundle branch block , right ventricular 
hypertrophy , right ventricular strain . 

Cardiac Catheterizations 

Age 25 Ag e 33 
Site Pressure Pressure 02 sat 

svc 
RA 14 58 

RV 160/ 20 134/ 14 58 

PA 

Asc AO 140/ 80 92 

Desc AO 121/ 76 , 98 77 

PVR 43 1-1 Dye : R-L 
L -R 0.69 L/min Cine : PDA with L --+ R, ?R _. L 
R:-+L 0 . 77 L/ min 
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Case #7 -   Patent Ductus 1 Severe Pulmonary 
Hypertension , No R- L Shunt 

23-year-old  female with known murmur sinc e age 3 months. 
Three episodes pneumonia as child. Catheterized e lsewhere at age 
12 - results and recommendations unknown to patie nt. Never able 
to keep up with contemporaries and has always complained of dyspne a 
on exertion which has been gradually wors e ning , especially during 
past 6 months. Has had occasional paroxysmal nocturnal dyspnea , 
palpitations and weak and dizzy spells. Can now walk only one 
block without dyspnea. 

Physical examination: blood pressure 100/70; pulse 92; respira
tions 20; temperature 98. Thin , small whit e female. No cyanosis, 
but clubbing of fingers and toes noted. Heart : enlarged to an
terior axillary line with active apex impulse. P2 greater than A2. 
Grade IV/VI systolic murmur over precordium with radiation to neck 
and axilla. A grade II/VI decrescendo diastolic murmur heard down 
left sternal border. Laterally in second to third intercostal 
space a diastolic component continuous with systolic murmur ' was 
heard. 

Hemoglobin 22; hematocrit 65; white blood count 8 , 000. 

X-ray: left ventricular enlargement and prominent pulmonary ar
tery and pulmonary plethora. 

Electrocardiogram : left ventricular hypert rophy, left ventricular 
strain. 

Cardiac Catheterization 

Site Pressure 02 sat 

RA 5 74 SBF 3.0 L/min 

RV 98/6 74 PBF 3.9 

PA * 1~0/61 79 PVR 16 ~ 

Wedge 19" SVR 25 ~ 

AO 116/64 Arch 98 
Desc AO 95 

Dye: No evidence R- L; Cine: L- R through patent ductus ar
teriosus; minimal aortic stenosis and aortic insufficiency. 

* No change while breathing 100% 02. 
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Cas e #8 -  

Atrial Se ptal Defect , Pulmonary Hypert ension - Demonstrating de
v e lopme n t of RV failur e and d e ve lopme nt of R ~ L shunt 

34-year-old  male had been we ll until 5 years ago whe n he had 
bronchopne umonia complicated by aller gic r e a ct ion t o p enicillin . 
Progressive ly s e vere shortne ss of br eath not e d since that time un
til at pr esent walking across a room or dressing hims e lf is att e nded 
by rathe r acute , s e vere dyspnea. Te n and 2 mon ths p r ior to be ing 
see n he had hemoptysis - on one occasion he brought up about a c up
ful o f bright red blood . No cyanosis , e d ema but has had pain in 
the midchest aft e r exertion. Thirteen years ago , t he patient was 
able t o walk up a stee p mountain at an ambie nt temperature of 4 0 0 
b e l ow z ero without complaint . 

Physical examination : blood pressure 170/ 100 ; pulse 9 0 and r e gu
lar. We ll de veloped white male in no distress. Heart : l ef t bo r 
der of cardiac dullness 11 em lateral to the midsternal line. P2 
widely ~plit and somewhat loud . No murmurs . 

He moglobin 15 . 6. 

X-rays and fluoroscopy : dilatatio n proximal pulmona r y a rter i es 
with decreased peripheral pulmonary vasculature. 

Electrocardiogram : right ve ntricular hyper t rophy, right ventricu
lar strain. 

Cardiac Catheterizations (Dyspne a wors e ned between caths .) 

63 / 63 

Site Pr essure 02 sat Pressure 02 sat 

svc 4 77 19 51 

RA 3 19 

RV 100/0 85 ' 104/ 2-21 

PA 9 0/ 40 , 70 86 112/ 45 , 65 63 

Wedge 7 PAp 100% 02 108/ 49 , 67 

LA 5 9 5 PAp ex 131/ 54 ' 81 

LV 125/ 0 95 

BA 120/ 70 , 9 0 95 152/ 98 , 118 89 

PBF (L/min ) 12 10 .2 

SBF (L/ min ) 6 . 7 6 . 8 

PBF : SBF 1.8 : 1 1.5 : 1 

PVR (1-1 ) 5 . 3 6 

Dye Small L ~R; noR~ L L~R and R ~ L 
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Cas e #9 -  Multip le Pe r i phera l Pulmona r y Artery St e nos e s 

22-year-old  f e male comp l ained o f shortne s s 
casional fainting a f t er ex ert ion s inc e ch i ldhood . 
complaints she ha d led a r a ther a ct ive l i f e. 

f brea th a nd oc
Des p i te these 

Physical examination : well de ve lope d , well no ur i she d woma n . Cuff 
blood p ressure 124/ 64 . P2 was pa lpable a nd ma r kedly a ccent ua ted . 
At the apex t he fi r s t s ound wa s l oud a nd d ia s t ole was c lear . Just 
me dial t o t he aor tic are a , as wel l as in the i nf r a c l a v i c u l a r a reas 
and over the mi d- dorsa l pa r a vertebra l a rea s 5 was hea r d a f ain t 
high-pitc hed murmur sta rt ing e a rly in s ysto le , rea ch ing its grea t
est int e nsity at t he t ime o f the s ec ond sou nd a nd conti nuing t here
aft e r throug h most o f d iastole . The r € mainder of t he examina t i on 
was nor ma l. 

Labo r a t or y f indings : hemogr am and ur ine we r e norma l . Ele ctroca r
diograms demonstra ted r ight axis dev i at i o n and r igh t ve ntr i cula r 
hype rtrophy . Chest x- r a y films and fluo r os copy d emonstra ted sl igh t 
e nlarge me nt of t he r ight ve ntr i cle 5 promin e nt pulmo na ry a r tery pul
sations of the hilar v esse ls and decrea s e d pe r i phe r a l p u l mona r y 
vascula r ity . 

Right he a r t cathe t er i z at ion : r ight ve n tr i cula r press ure 105,' 0 ; 
pulmona r y a r t er y pressur e 105/ 40 , me an 70 ; normal we dge p r ess ure 
and br a c hial arter ia l pres s ure 140/ 90 , mean 11 5 . The data d i d no t 
sugg~st a s hunt ; c a r d i ac output by the Fic k method wa s 3 . 5 L/ min , . 
yi e lding a low c a rd i ac index o f 2 L/ min/ m2 . 

Angiocardiography : s elec tive angioc a rd iogra ms wi th inj ect i o n into 
the main pulmona r y artery rev e a led the s ma ller ve ssels i n the p e
riphery o f the lung fi elds to be def ini t e l y d imin i she d in c a l iber. 
I n several are as i t appe a red as i f the middle s i zed vessels were 
ste notic and na r rowed a brupt l y . A l ung b i ops y was per fo r med re
v ealing no a b nor mali t i e s o f the sma ller v essels . Thus , i t a ppeared 
r e asonably we ll estab lished that the pa t i e n t had mult i p le s t e nos es 
of the pu l monary a r t ery . 

Comme nt : Al though t he find ings at c a the ter i z a t i on were c ons is te nt 
with idiopathic pulmona r y h ype r tension , the lifelon g h i s tor y o f de 
bility and the atypica lly locate d c ontinuous mur mur sugge s ted that 
this diagnosis migh t be inc or r e ct . The presence of a t yp i cal ly lo
cate d systolic or continuous mur mur s in a pati e nt with otherwis e 
unexplaine d pulmona r y hype r tension shou ld s ugge s t the possib i l ity 
of single or multip le per ipheral pulmona ry a rter y s ten osis. 

In this case, simple c athe t er iza ti on o f t he p ulmonar y a r t e ry d id 
not demonstrat e the l e sion (s ) . The c onf i r mation of a presume d 
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Case #9 - . - Continuation 

"wedge " pressure by the withdrawal of a · blood samp le is proba bly 
necessary in order to e stablish the position of the c a theter t i p 
in such cas e s , Se l ec tive angiogr aphy f r om the main pu l mona r y a r 
tery or right ve ntricular outflow t r act yields the mos t c omplete 
diagnostic i n formation . 

From Shapiro : Am . J . Cardiol . ! : 511 , 196 1. 
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Cas e #10 -  Aort i c -Pul mona r y Window 

A 30-year-old  f emale complained of ex cessive f a t igue. She 
had two living children . The second pregnancy a t age 30 was com
plicate d by a breech prese ntation , t he del i very r e quiring about 
six hours . 

Physical examination : mod e rate cyanosis wi th clubbing was vid e nt . 
She had a l e ft paraste rnal heave, a very l oud P2 , a f ain t , short 
systolic murmur at the upper l e ft sterna l bor de r a nd a g r a de I de
crescendo diastolic murmur heard down the l e ft sterna l border . 
The heart was small and the per ipheral lung f i e lds c l e a r. RBC 5 . 8 
million . 

Elec troca rd iogram : right axis de viation , r ight ve nt r i c ula r hyper
trophy , r ight ve ntricular strain . 

Cardiac Cathe t er ization 

Site Pressure 02 sat 

RV 64 

PA 106/ 66 73 

FA 116/ 64 90 

PBF : SBF - · 1 : 1 

A cathe t er was pass ed re trograd e into aorta and e ntered the pulmo
nary artery . Inj e ction by this me ans into the pu l monar y a rtery 
confirmed the location of the defe ct and t he prese nce of r ight-to
l e ft shunting . 

-~ -
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Causes and Frequency of Eisenmenger vs Syndrome * 

I. Pat e nt ductus arteriosus 

II . Aorta-pulmonary septal defect 

III . Persistent truncus arteriosus 

IV . Transposition of the great 
vessels (with V.S . D.) 

V. Corrected transposition 
(with V.S . D. ) 

VI . Single ventricle 

VII. Ventricular septal defect 

VIII . Common atrio-ventricular canal 
or persistent ostium primum 

IX . Single atrium 

X. Atrial septal defect 

XI. Hemianomalous pulmonary ven
ous drainage 

XII. Total anomalous pulmonary 
venous drainage 

Site uncertain 

Total 
no . of 
cases 

180 

10 

4 

12 

3 

6 

136 

21 

324 

3 

6 

22 

727 

* From Wood : Brit. Med. J. 2:701 , 1958. 

No . with 
Eisen
me nger 

r eaction 

29 

6 

4 

7 

3 

6 

21 

9 

19 

0 

1 

22 

127 

Fre que ncy 
of Eis e n

me nger 
r ea c tion 

(%) 

16 

60 

100 

58 

100 

100 

16 

43 

6 

0 

17 

17 . 5 
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fre que ncy of the Eis e nme ng e r Re a c tion in Relation to t he Site and 

Size of the De f e ct * 

No . with 
Sit e of Total no . lar ge 

c ommunication of case s d e f e cts 

Aor ta-pulmonary 190 66 

Interv e ntricula r 179 97 

Int e ratrial 333 214 

Ons e t of Eis e nme nger Syndrome ~ 

Duct . 
% 

Infancy 79 

Childhood and ad olesc e nc e 4 

Adult life 17 

Symptoms of Eis e nmenger Syndr ome * 

Angina 

Syncope 

Haemoptysis 

Congestive failur e 

Duct . 
% 

20 

15 

12 

12 

No . with 
Eis e n-
me nger 

r eaction 

35 

50 

20 

V. S . D. 
% 

83 

15 

2 

V. S . D. 
% 

14 

14 

33 

8 

* From Wood : Brit . Med . J . ~ : 70 1 , 1958 . 

No . with Eis e n-
me nger reaction 

ex p ress ed as per-
c e ntage o f large 

d e f e cts 

53 

52 

9 

A. S . D. 
% 

8 

92 

A. S . D. 
% 

15 

10 

25 

10 
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ve ntricular Septal Defe ct - Classif i cat ion and He modynamics * 

Group no o 

No 0 cas e s 

percent of total 

Age 

Av e rage 

Me dian 

Uncomplicate d by e l e vate d 
pulmonary vasc ula r 

r e s i stance 

Mild 

l 

175 

41.2 

l6 o4 

14 

Mod e rate 

2 

98 

23 o2 

Se ver e 

3 

18 

4 o2 

Range 3 -71 

13 0 8 

10 

l-44 

l.8-2 o9 

17 .. 2 

11 

3 - 35 

Pf ~ Sf flow ratiot lol-l o7 

RV systolic pressure (mm Hg ) 

21 

> 3 0 0 

24 Average 

Range 

Pul monary 

Average 

Range 

12-3 0 15-40 

35 

20-70 

artery mean pressur e (mm Hg ) 

13 

5-20 

18 

5-3 0 

3 8 

12-55 

Pu l mona r y vascula r resistance (units ) 

Average 

Range 

Hyperkine tic 
pulmonary "'
hypert e nsion 

Size of de fect (em) 

Average 

Range 

L 25 

Oo4-2o2 

None 

0 . 4 

Ool- Oo6 

L l 2 o0 

Oo4-2 o5 Oo8-4o 0 

None t o Mod e rate 
mild to severe 

L O 
Oo7-l.2 

2o0 

l. 5-2 0 0+ 

* From Bloomfie ld : Circulation 29 : 9 14 , 1964 0 

t Pulmonary-to-syst emic flow rati o . 

Complicat e d by e l e va ted 
p u l mona r y vas c ula r 

r e s istance 

Pulmonary 
hyp ert e nsive 

4 

63 

l4 o9 

l 0 o3 

6 

l - 25 

l. 5-3 0 5 

82 

60-sys temi c 

56 

35-sys temi c 

6 02 

3-10 

Se v e r e 

2 02 

l o5-3o 0 

Eis e nme ng e r 
comple x 

5 

70 

l 6 o5 

20 o8 

22 

5-44 

0 o 5-L 5 

Systemic 

Systemic 

Sys temic 

20 

10-40+ 

None 

2o2 

1 . 5-3. 0 
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Pulmonary Ar-terial Pr e ssure Decrease* 

Press ure 

Decreas e , 
Case Ini tia 1 Re study systol ic 

1 42/ 24 (32 ) t 21 / 9 (16 ) 21 

4 96 / 66 (82) 70/ 35 (49 ) 26 

6 68/ 45 (53) 50/ 22 (41 ) 18 

9 105/ 60 (81) 80/ 35 ( 56 ) 25 

12 56 / 31 44/ 16 12 

13 30/ 15 (24 ) 18/ 9 (16 ) 12 

17 31/ 15 (24) 20/ 12 (14 ) 1.1 

22 43 / 15 (24 ) 29/ 1.5 (20 ) 14 

Data for Recatheterized Patie nts with Ve ntr icular Se ptal Def e ct * 

Patients Time interval PA pressure 
Source (no. ) (yr ) increase 

Adams et al. 30 1-8 13 (43%) 

"' Brotmacher and 3 7 1 Campbell 

Downing 20 1 5/ 1.2-8 1 ( 5%) 

Lynfield et al. 32 1.-7 2 ( 6 0 3%) 

Nadas et al. 25 1-8 None 

Dammann et al. 6 1 5/12-9 None 

Present series 23 2-7 None 

Total 139 17 (12 0 2%) 

* From Stanton and Fyler : Pedia tries .27 : 621 , 1. 961 . 

t Figure in parentheses represents mean pressure. 
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Re ported Pulmona r y Ar terial Press ure Increases * 

Pressur e ----
Patie nts In i t ia 1 Restudy Interva 1 

Source ( no o) .mm Hg ) (mm Hg ) (yr ) 

Lynfield et a L 2 77/ 35 92/ 5 7 3 

77/ 4 7 1. 03 / 66 4 

Downing l 8 0/ 60 92/ 4 0 3 

Br otmacher and 
1. 88 / 50 120/ 6 5 7 Campbe ll 

Adams et a L 13 t t 

Re port e d Percenta g e s of Increas e d Systo l i c Pu l monary Arter i a l 

Pr e ssure* 

Pa tients Inc reased pressure 

Sour c e ( no o) no . 

Lynfie l d et a L 32 2 

Downing 2 0 l 

Br o t ma c her and 3 ' l Campbel l 

Adams e t a L 3 0 13 

Total group 139 1. 7 

Gr oup , ex clusive 109 4 of Adams 

* Fr om Stant on and Fyler : Pediatrics ~: 62 1 , 1. 96 1 

t Data not avai lable . 

-~-

% 

6 . 3 

5 

43 

12 . 2 

3 07 
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d e f e ct with right-to-le ft shunt r e gard l ess of position of aorta. 

27 . Civin , W. H. and Edwards , J. E .: The postnata l structural 
change s in the int r apulmona r y arte ries and a rter iole s . Arch. 
Path . 51 : 192 , 1951 . 

28 . Dammann, J . F ., Jr . and Ferencz , C. : The significance o f the 
pulmonary vascular b e d in congenital hea r t disease . I . Nor mal 
lungs . II . Malformations of the he a r t in wh i c h the r e is pulmo
nary st e nosis . Am . Heart J . 52 : 7 , 1956 . 

29. Dammann , J . F ., Jr . and Fe r e nc z , C.: The significance of th e 
pulmonary vascular b e d in congenital heart disease . III . De 
f ects b e tween the ve ntricle s or gre at vess e ls in which both in
creas e d pr essure and blood flow may act upon the lungs and in 
whi~h there is a common e j ectile forc e. Am . Heart J . 52 : 210 , 
1956 . 

30 . Becu , L . M., Fontana , R . S ., DuShane, J . W., Kirklin , J . W., 
Burche ll , H. B. and Edwards , J . E .: Anatomic and pathologic 
studie s in ve ntricular s eptal defect . Circulation 14 : 349 , 
1956 . -

31 . Edwards , J . E. : The Lewis A. Conner Memorial Lec ture: Func
tional pathology of the pulmonary vascular tree in congenital 
cardiac dis ease. Circulation 15 : 164 , 1957 . 



- 30 -

32 . Heath , D. and Edwards , J. E . : The pathology of hype rte nsive 
pulmona r y vascular dis e a se . A d e s cr iption of six grad e s of 
structural change s in th o pu l mona r i a r t e rie s with spec ial re f
e rence to conge nital ca r dia c s e ptal de f ec ts . Circulation 18 : 
533 , 1958 . 

33 . Heath , D., et al ~ Grad e d pu lmo na r y vas c ular changes and h e mo
dynamic findings in c as e s of at r ial and v e ntricular s eptal d e 
fects and pate nt duc tus a r t er iosus . Circ ulation 18 : 1155 , 
1958 ' 

34 . Heath , D. , et al ~ Re lation b e tween str uctur al c hanges in the 
small pulmonary art e rie s and t he imme diat e re ve rsibility of 
pulmonary hype rte nsion following c l osure of ve ntricula r and 
atrial s eptal de f e c t s . Ci rculation 18 : 1167 , 1958 . 

35 . Wagenvoort ; C . A., Neufe ld ~ H. N,, DuShane , J . W. and Edwards , 
J . E .: The pulmonar y arter ia l t ree in atria l s eptal d e fec t ~ 
a quantitative study o f a na tomic f e a t ures in fe tus e s , inf ants , 
and childre n . Circu l ation 23 : 733 , 1961 , 

36 . Wagenvoort , C . A., Ne ufeld , H. N. , DuShane , J . W. and Edwa r ds , 
J . E .: The pulmona r y a r t er ia l t r ee in v e ntricular s e ptal d e 
fect ~ a quantitative study of anatomic f e atures in fe tus e s , 
infants and childre n . Ci r cu l ation 23 : 740 , 1961 . 
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