
The Holmes heart: Historic associations 
and pathologic anatomy 

Anthony R.C. Dobell, MD, and Richard Van Praagh, MD Montreal, Quebec, Canada, and Boston, Mass. 

The purposes of this article are (1) to recount the his- 
tory of a remarkably influential case and (2) to present 
detailed photographs for the first time of the pathologic 
anatomy of the oldest formalin-fixed heart specimen in 
North America--and perhaps in the world. 

HISTORY 

The anatomic specimen that  has come to be known 
as the Holmes heart  links three of the great lumi- 
naries in the history of the Faculty of Medicine of 
McGill University in Montreal, Quebec, Canada: 
Maude Abbott, William Osler, and Andrew F. 
Holmes. 

Maude Abbott (Fig. 1), who became the first North 
American expert in congenital heart  disease, as a 
young faculty member at McGill was appointed as- 
sistant curator of the pathologic museum. 1 This was 
almost 100 years ago (1898), and in those days such 
museums were of great importance in providing vis- 
ible pathologic material for examination. Specimens 
were carefully displayed in formalin-filled glass con- 
tainers, and a clinical resum~ was generally provided 
to illustrate the clinicopathologic correlations. 

Dr. Abbott journeyed to Washington and Balti- 
more, seeking guidance in upgrading the McGill 
museum. She attended William Osler's (Fig. 2) ward 
rounds at Johns Hopkins and was invited to one of 
Osler's regular student dinners. During the course of 
the evening he told her what  a great opportunity she 
had in the museum. He gave her a reference describ- 
ing a similar institution in London that Osler called 
the greatest place in the world for teaching students, 
and he sent her back to Montreal fully enthusiastic 
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and oriented to reorganize the museum. As Dr. Ab- 
bott wrote, "And so he quietly dropped the seed that  
dominated all my future work for very many years.'2 

This is but  one example of Osler's catalytic effect 
on capable young individuals. Dr. Abbott did indeed 
create the atmosphere Osler expected, and soon stu- 
dents were congregating in her museum to review 
material. An optional and later a required course 
based on Dr. Abbott's specimens and clinical histo- 
ries was added to the medical student curriculum. 

Maude Abbott's interest in congenital heart  dis- 
ease seems to have arisen from the Holmes heart. 
She came across the unlabeled specimen in 1900, 
which had then been in formalin for more than 75 
years. Examining it carefully, she thought that  the 
interventricular septum between the mitral and tri- 
cuspid vanes  was almost entirely absent. 2 At a sub- 
sequent meeting with Osler, Abbott asked about this 
unusual  specimen. Osler had been Professor of the 
Institutes of Medicine at McGill, where he was 
appointed at the age of 25 years. He did most of the 
pathology at The Montreal General Hospital from 
1876 until he left for Philadelphia in 1884. The basis 
of his vast  knowledge of medicine was obtained from 
the 750 autopsies he performed and described in 
great detail while at the Montreal General Hospital. 
He remembered this unusual heart  specimen clearly 
and told Maude Abbott that  it had been reported by 
Dr. Andrew Holmes, first Dean of the Faculty of 
Medicine of McGill University, before the Edinburgh 
Medico-Chirurgical Society many years previously. 2 
Then Abbott was able to find the exact reference in 
the Transactions of the Medico-Chirurgical Society 
of Edinburgh of 1824. 3 Stimulated both by the spec- 
imen and by the knowledge that Dr. Holmes was the 
first Dean of the McGill Medical Faculty, Abbott re- 
published Holmes's paper completely in 19014 and 
added her own observations, including an analysis of 
the course of venous and oxygenated blood through 
the specimen. She appeared to agree with Holmes 3 
and called the single ventricle a left ventricle and the 
small subpulmonary chamber a rudimentary right 
ventricle. 
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Fig.  1. MaudeAbbott, 1869-1940. CuratorofMcGillMed- 
ical Museum and renowned authority on congenital heart 
disease. She was recruited into this field by William Osler 
and by the Holmes heart. (Courtesy of Rare Books Depart- 
ment, Countway Library of Medicine, Harvard Medical 
School.) 

This account of the Holmes heart  was so excellent 
that  it led Osler in 1905 to ask Abbott to prepare the 
section on congenital heart  disease for the first edi- 
tion of the textbook that he and McCrae were 
preparing. 5 Inquiring of Osler how she should treat  
the subject, he replied, "Statistically. ''2 This led to 
Abbott's systematic analysis of congenital heart  dis- 
ease, and with each new edition of the textbook, Ab- 
bott's chapter became longer. Her initial chapter 
elicited a note from Osler: "I knew you would write 
a good article, but  I did not expect one of such 
extraordinary merit. It is by far and away the very 
best thing ever written on the subject in English--  
possibly in any language. ''1, 2 Readers can imagine 
the effect of this encouragement from the leading 
English-speaking physician of the time. 

If  all Of this seems rather  far removed from the 
Holmes heart, recall that  it was this specimen that  
kindled Dr. Abbott's interest in congenital heart  dis- 
ease, encouraged by Dr. Osler. He not only identified 
this heart  specimen and its illustrious history but  
also proposed its republication. Moreover, he and his 
textbooks gave Abbott a worldwide forum for the 
publication of her work, greatly helping to make her 
an internationally renowned authority on congenital 

Fig. 2. William Osler, 1849-1919. Legendary physician, 
teacher, and scholar. Osler was "godfather" of field of con- 
genital heart disease via Holmes heart that he remem- 
bered, Maude Abbott whom he inspired, and his textbooks 
containing Abbott's work, which became medical bible of 
his generation. (Courtesy of Rare Books Department, 
Countway Library of Medicine, Harvard Medical School.) 

heart  disease. In her Autobiographical Sketch, 2 
which was not published in full until almost 20 years 
after her death, Abbott closes with a tribute to her 
great mentor and benefactor: "and last but  not least, 
Sir William Osler, whose keen interest in my work 
and broad human sympathy pierced the veil of my 
youthful shyness with a personal stimulus that  
aroused my intellect to its most passionate endeav- 
or." 

Let us now go back to the early nineteenth century, 
when the specimen was first examined. Andrew 
Fernando Holmes (Fig. 3) was born in Cadiz, Spain, 
where his parents had been taken as prisoners of 
war, having been apprehended as they at tempted to 
come to Canada from England during the Napoleonic 
wars. They completed the voyage on their second trip 
and settled eventually in Montreal where, in 1811, 
Andrew at the age of 14 years was articled to a local 
physician, Dr. Arnoldi. Later he went to Edinburgh 
University, qualifying with his MD in 1819, and then 
returned to practice in Montreal with his former pa- 
tron. 

The unfortunate 21-year-old cyanotic patient Isaac 
N., of "delicate habit," was eared for by Dr. Holmes, 
and the patient's last days and hours are chronicled 
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in eloquent detail in the paper Holmes later pre- 
pared. 3 (Perhaps it should be stated explicitly that  
Isaac N. was not 22 years of age, as is stated errone- 
ously in Abbott's paper of 1901. 4) The autopsy was 
conducted by Dr. Holmes in the presence of Drs. Ar- 
noldi, Caldwell, and Robertson, and the heart  was 
immediately opened. An incision from the aorta 
down into the ventricle was made by Holmes, and 
this transected the outflow tract to the pulmonary 
artery, as can be clearly seen from the copper-plate 
engraving published with Holmes's paper. 3 The pos- 
terior surface of the aorta was also incised to display 
the interior of the heart  for the drawing from which 
the engraving was made. Subsequently, reparative 
"surgery" was done on this last incision, probably by 
Abbott, because the sutures are clearly visible in the 
two photographs of the heart  mounted in its glass 
case, which accompanied her republication of 
Holmes's case report in 1901. 4 The heart  today, 90 
years later, is displayed identically. 

Mention was made previously of the presence of 
Drs. Caldwell and Robertson at the autopsy in Feb- 
ruary 1822 or 1823; the year is uncertain. We know 
the young man died on February 9, and we know the 
case was reported in Edinburgh on March 5, 1823. If 
the death was in 1823, then the preparation of the 
manuscript and its transport  to Edinburgh by ship 
with presentation there within a month of the 
patient's demise would seem extraordinarily rapid 
and the envy of modern investigators as we approach 
the twenty-first century. 

Caldwell, Robertson, and Holmes, together with 
another Montreal physician, Stephenson, consti- 
tuted the total staff of McGill University at its 
founding in 1828. James  McGill, a trader, died in 
1813 and left a will containing a bequest that  a tract 
of his land and financial support would go to a uni- 
versity "capable of conferring bachelor's, master's, 
and doctor's degrees in the several Arts and Facul- 
ties." The university had to be in operation within 10 
years of his death, but  this apparently was extended 
by litigation between the family heirs and the pro- 
posed university. Still, there was extreme pres- 
sure to have the university functioning, and the 
solution was to take the Montreal Medical Institu- 
tion founded in 1823 by the four physicians men- 
tioned previously and reestablish it as the Medical 
Faculty of McGill with clinical exposure to be pro- 
vided at The Montreal General Hospital. Thus 
was McGill University founded in June, 1829, and 
three of the four physicians who first examined the 
Holmes heart  constituted not only the medical fac- 
ulty but  in fact the entire complement of the Univer- 

Fig. 3. Andrew F. Holmes, 1797-1860. One of four 
founders of Montreal Medical Institute in 1823 and first 
Dean of Faculty of Medicine of McGil] University. Also in 
1823, at 26 years of age, he performed remarkably influ- 
ential autopsy and described congenital cardiac malfor- 
mation now known as Holmes heart. (Courtesy of Rare 
Books Department, Countway Library of Medicine, Har- 
vard Medical School.) 

sity. Holmes himself later became the first dean of 
the faculty. 

P A T H O L O G I C  A N A T O M Y  

In terms of its pathologic anatomy, what  did the 
original Holmes heart  really have? This was the 
question that  we sought to clarify and to document 
with better photographs than those that  have been 
published previously. 4 

The Holmes heart  sits in a thick glass container 
full of formalin, opened and displayed with the help 
of strings. We were not allowed to remove this 
ancient specimen from its container. Hence the pho- 
tographs (Fig. 4) to be described were taken through 
the thick glass walls of the container by Charles 
Hodge of the Montreal Neurological Institute under 
the direction of one of us (R. VP). 

Fig. 4, A, shows the opened single left ventricle 
(LV) as seen from the front. Both the tricuspid valve 
(TV) and the mitral valve (MV) open into the large 
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Fig. 4. Holmes heart, displayed in its glass container, preserved in formalin, photographed on April 6, 
1991. A, View from front. Ao, Ascending aorta; BVF, bulboventricular foramen; LV, morphologically left 
ventricle; MV, mitral valve; PA, main pulmonary artery; PV, pulmonary valve leaflets; TV, tricuspid valve. 
B, View from front, looking leftward toward mitral valve. AoV, Aortic valve; PR, posterior ridge. 

LV; that  is, double-inlet LV is present. Note the 
prominent and characteristic posterior ridge be- 
tween the TV and the MV. A large aorta (Ao) origi- 
nates from the LV. There is direct fibrous continuity 
between the aortic valve (AoV) and the MV and the 
TV, indicating that normally related great arteries 
are present. The bulboventricular foramen (BVF) 
looks quite small between the large LV and the 
infundibular outlet chamber (Inf) from which a 
good-sized pulmonary valve and main pulmonary 
artery arise, again confirming that  the great arteries 
are normally related. A probe largely fills the BVF, 
which therefore appears to be the site of subpulmo- 
nary stenosis. To the patient's right (the viewer's 
left-hand side) only the infundibular outlet chamber 
(Inf) is seen, with no evidence of the morphologically 
right ventricular sinus (body or inflow tract). The 
morphologically right ventricular sinus is absent. In 
contrast, the morphologically left ventricular sinus is 
present, with considerable hypertrophy and enlarge- 
ment. 

Consequently, single LV is present because the RV 
sinus is absent. Both the proximal and distal con- 

necting segments of the RV sinus are present, but  the 
RV sinus itself (the essence of the RV) is absent. 
Consequently, the TV (the proximal connecting seg- 
ment of the RV sinus) opens into the LV sinus, and 
the Inf (the distal connecting segment of the RV si- 
nus) exits from the LV sinus via the BVF. Both an- 
atomically and physiologically, there is only one 
ventricular sinus (pumping ventricle), the LV sinus. 

Both the AoV and the pulmonary valve are tricus- 
pid. During dissection, the posterior wall of the 
ascending aorta was incised right down into the 
noncoronary sinus of Valsalva, and later this incision 
was sutured together again. Note also that  the Inf 
was completely transected immediately below the 
pulmonary valve. The pulmonary valve and artery 
were reflected to the left, and the infundibular out- 
let chamber and the BVF were reflected to the right 
to make it possible to see the origin of the Ao from the 
single LV. 

In Fig. 4, B, the angle of view is somewhat more 
leftward and posterior, toward the MV. The direct fi- 
brous continuity between the AoV and the MV is 
better seen. The ostium of the left coronary artery 
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Fig .  4 (cont'd). C, Holmes heart. View from front, looking rightward toward left ventricular septal sur- 
face (VS) and restrictive bulboventricular foramen (BVF). LVFW, Left ventricular free wall. D, View from 
right toward large right atrial appendage (RA). 

can now be seen just  above the left coronary sinus of 
Valsalva. The papillary musculature of the MV (to 
the left of the posterior ridge) is better seen and con- 
sists of the anterolateral papillary muscle group of 
the LV. Absence of the RV sinus is confirmed. The 
BVF (unlabeled) is again seen. This is a conoventric- 
ular type of defect between the conal septum above 
and the septal band below. It is helpful to understand 
that  the septal band is a conal structure, the proxi- 
mal or apical part of the conus. The RV sinus, which 
normally is inferior and posterior to the septal band, 
is absent in this case. The finding of the septal band 

in the infundibular outlet chamber is to be expected, 
this being a proximal conal structure. The subpul- 
monary outlet chamber is the conus arteriosus, not 
a rudimentary RV sinus. Only one ventricular sinus 
is present--the LV sinus (the RV sinus being ab- 
sent). 

In Fig. 4, C, the angle of view is somewhat more 
rightward and posterior, toward the TV. The leafletS 
of the TV have been sewn back together to repair an 
artifactual incision. The TV inserts into the poster- 
omedial papillary musculature of the LV. Note the 
smooth left ventricular septal surface (VS), typical of 
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Fig. 4 (cont'd). E, Holmes heart. View from right, looking down into infundibular outlet chamber (Int) and 
through small BVF. F, View from back, looking down into opened RA and through TV. 

a morphologically LV. The VS lies to the patient's 
right, whereas the left ventricular free wall is located 
toward the patient's left and posteriorly, as is char- 
acteristic of a ventricular D-loop (ventricular nonin- 
version). A dark probe is seen in the normally located 
right coronary ostium above the right coronary sinus 
ofValsalva. A probe is seen passing through the re- 
strictively small BVF beneath the conal septum 
above and the VS below. Holmes 3 measured the BVF 
as ~ inch × ~4 inch, or 13 × 19 ram; it was noted that  
its margins were fibrous ("tendinous"). The endocar- 
dial fibrosis of the margins of the BVF is a jet lesion, 
that  is, focal endocardial thickening related to ab- 

normal turbulence because the BVF is restrictively 
small. 

The ventricular septum is referred to as a ventric- 
ular septal remnant, because only the left ventricu- 
lar septal surface is well developed, whereas the 
right ventricular septal surface is absent. A normally 
developed interventricular septum cannot be pres- 
ent, because the right ventricular sinus is absent. 
The presence of direct fibrous continuity between the 
AoV and the TV is better seen. 

Fig. 4, D, looks leftward and posteriorly in a right 
anterior oblique projection. In this view, the exterior 
of the large, right-sided, morphologically right atrial 
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Fig. 4 (cont'd). G, Holmes heart. View from top, toward left, into left atrium (LA) and through slightly 
open MV. H, Left lateral view into opened LA, showing septum primum (Sept I) with probe in patent fo- 
ramen ovale and with larger probes in normally connecting pulmonary veins. 

appendage (RA) can be seen. We are looking into the 
restrictively small BVF and can see the rightward 
end of the probe pointing toward the Inf. 

Fig. 4, E, also a right anterior oblique, is perhaps 
the best view of the restrictively small BVF with its 
indwelling probe and the relatively small infundib- 
ular outlet chamber. A large amount of pericardium 
has been retained with this heart  specimen to the 
right and above the RA, apparent ly to help suspend 
and display the heart. Close to the glass rod, just  
above the appendage of the RA, a tag in small black 
writing reads: "Dr. Holmes, 1823." We are now look- 
ing mainly through the right side of the container to 
see the BVF en face. 

Because the RA is right-sided, it is now obvious 
that  Visceroatrial situs solitus was present (the usual 
noninverted anatomic pat tern of the viscera and the 
atria). Hence the segmental anatomy was normal: 
situs solitus of the viscera and atria, or {S,-,-}, 
ventricular D-loop, or {S,D,-}, and solitus normally 
related great arteries, or, {S,D,S}. Braces {} mean 
"the set of." The three main cardiac segments {atria, 
ventricles, great arteries} are the members or ele- 
ments of the segmental situs set. 

Although the segmental situs set was the familiar 
normal {S,D,S}, the atrioventricular (AV) alignments 
were not normal. Because the RV sinus was absent, 
the AV alignments were those of double-inlet LV, as 
has been seen (Fig. 41 A, B, and C). The ventriculoar- 
terial alignments were of the solitus normal type, as 
has also been seen (Fig. 4, A, B, and C). 

Fig. 4, F, is a view from behindl through the back 
of the glass jar, into the opened RA and looking down 
at the right-sided TV. The postmortem artifact and 
suturing of the septal leaflet of the TV are better 
seen. The RA appears markedly hypertrophied and 
enlarged. Holmes 3 stated that  the RA was particu- 
larly enlarged, "the size of which was increased to the 
capacity of a pint," that  is, 473 ml. In addition to the 
marked hypertrophy of the musculi pectinati of the 
RA, Holmes 3 observed that  the endocardial surface 
of the RA was rough and hard, " . . .  giving a gritty 
fee] when the knife passed over it." This description 
is consistent with endocardial sclerosis of the right 
atrial endocardium, probably with some calcifica- 
tion, associated with chronic tricuspid regurgitation. 
Holmes 3 also states that  the TV was partly "thick- 
ened, and of a cartilaginous hardness." Again, this 
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description suggests thickening and rolling of the 
tricuspid leaflets associated with chronic tricuspid 
regurgitation. 

Fig. 4, G, endeavors to show the opening 0fthe MV 
from the viewpoint of the morphologically left atr ium 
(LA). To look through the almost closed orifice of the 
MV, it was necessary to shoot through the top of the 
glass container towards its left-hand side. No evi- 
dence of stenosis of either AV valve was observed. 
The systemic and pulmonary veins connected nor- 
mally. Fig. 4, H, is a left lateral view of the opened 
left atrium. A small probe passes through an ob- 
liquely probe-patent foramen ovale. Larger probes 
are placed in the normally connected pulmonary 
veins. 

To summarize the pathologic anatomy of the hear t  
of Isaac N., the 21-year-old cyanotic male patient of 
Andrew F. Holmes, MD: absent right ventricular si- 
nus (body or inflow tract) resulting in single (un- 
paired) left ventricle, infundibular outlet chamber, 
normally related great arteries, double-inlet left 
ventricle, restrictive bulboventricular foramen re- 
sulting in subpulmonary stenosis, chronic tricuspid 
regurgitation with marked right atrial hypertrophy 
and enlargement, and marked left ventricular hy- 
pertrophy and enlargement. Holmes 3 also observed 
that  there was cardiomegaly with anasarca, ascites 
(1 quart, or 946 ml), and pericardial effusion (3 to 4 
ounces, or 89 to 118 ml). The patient died of termi- 
nal congestive heart  failure, and he had an arrhyth- 
mia ("palpitations") suggestive of atrial fibrillation. 

C O M M E N T  

It is now 171 years after Holmes's publication in 
1824, 3 and we conclude that  he was essentially cor- 
rect in the interpretation of the malformation that  
now bears his n a m e .  

The large chamber from which the aorta arises is 
indeed the left ventricle, just  as Holmes 3 said. It is a 
left ventricle both positionally and morphological- 
ly.6, 7 The large chamber is not a common ventricle, 
because of absence of the ventricular septum as 
many subsequent investigators, including Abbott, 2, 8 
thought. (In a common ventricle, the left and right 
ventricles are in common, or undivided, because of 
absence of the ventricular septum.) 

The small chamber giving origin to the pulmonary 
artery, Holmes 3 said, "can be looked upon only as the 
commencement of the pulmonary artery." Again, we 
think that  this interpretation is essentially correct. 
Today, this outlet chamber is understood to be the 
conus arteriosus (infundibulum). 

As its name indicates, the conus arteriosus (arte- 
rial cone) is part  of the great arterial segment (the 

conotruncus), distinct from the ventricular segment, 
which is composed of the left and right ventricular 
sinuses (bodies or inflow tracts)-- the main pumping 
portions of the ventricles. Comparative anatomy 
makes clear the arterial affinities of the conus arte- 
riosus. In many fish (amber jacks, for example), the 
conus arteriosus extends all the way out to the gill 
(branchial) arches, whereas in mammals  such as 
homo sapiens the conus has receded toward the ven- 
tricles, resulting in fibroelastic or demuscularized 
great arteries. 

The  conus arteriosus connects the great arteries 
with the ventricular sinuses. The conus is incorpo- 
rated mostly into the developmentally superior right 
ventricle and only minimally into the developmen- 
tally inferior left ventricle. However, in the Holmes 
heart, the right ventricular sinus is absent (Fig. 4). 
Consequently, the normal subpulmonary infundibu- 
lum, the infundibular outlet chamber, communi- 
cates with the left ventricle via the bulboventricular 
(conal-to-left ventricular) foramen. 

In the  Holmes heart, just  as the distal connecting 
segment (the conus arteriosus) of the missing right 
ventricular sinus must  communicate via the bul- 
boventricular foramen with the only ventricular 
sinus that  is present, the left ventricle, so too the 
proximal connecting segment (the tricuspid valve) of 
the missing right ventricular sinus must  also com- 
municate with the left ventricular sinus, resulting in 
double-inlet left ventricle. 

The essential malformation of the Holmes hear t  3 
is absence of the right ventricular sinus (Fig. 4). 
The sequelae of this anomaly are single (unpaired) 
left ventricular sinus, persistence of the normal 
subpulmonary infundibulum (conus), forming the 
infundibular outlet chamber that  arises from the 
single left ventricle via the bulboventricular fora- 
men, and connection of the tricuspid valve with the 
single left ventricle, resulting in double-inlet left 
ventricle. 

In conclusion, we seek to honor three distin- 
guished physicians: Andrew F. Holmes (Fig. 3), who 
discovered, described, and published this malforma- 
tion in 1824, 3 William Osler (Fig. 2), who urged re- 
publication of this case and who recruited Abbott to 
the burgeoning field of congenital heart  disease, and 
Maude Abbott (Fig. 1), who republished the Holmes 
heart  in 19014 and then went on to become the inter- 
nationally recognized authority on congenital hear t  
disease until her death in 1940. s Catalyzed by  the 
Holmes heart  and William Osler, Abbott's work then 
paved the way for Robert E. Gross, Helen B. Taussig, 
Alfred Blalock, C. Walton Lillehei, John W. Kirklin, 
and many more in the subsequent brilliant flowering 
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of pediatric cardiology and pediatric cardiac surgery 
in the latter half of the twentieth century. 

S U M M A R Y  

In 1824, Andrew F. Holmes, later to become the 
first Dean of the Medical Faculty of McGill Univer- 
sity, published the autopsy findings of a 21-year-old 
man who had died with chronic cyanosis and con- 
gestive heart  failure. Autopsy revealed the first doc- 
umented case of single ventricle. Reinspection and 
detailed photographs published for the first time 
show absence of the sinus (body or inflow tract) of the 
morphologically right ventricle (RV) and hence a 
single (unpaired) morphologically left ventricle (LV), 
double-inlet LV, infundibular outlet chamber (IOC), 
and normally related great arteries, with the pulmo- 
nary artery arising from the IOC and the aorta from 
the single LV. In view of its rarity, William Osler 
urged Maude Abbott to republish this case, which 
she did in 1901. Republication of the Holmes heart  

catalyzed the career of Maude Abbott, who then pro- 
ceeded to become the world's authority on congenital 
heart  disease until her death in 1940. 
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