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Postmortem examinations and the correlation of the findings with
clinical phenomena have played a most important r\l=o^\lein the progress
and development of medical science. But only too often the interest in
necropsies does not include those performed on new-born infants ;
instead, deaths in infancy occupy a place similar to the tonsil or appendix
in the tissue laboratory, i. e., not examined except under some very
important or unusual conditions.
In a previous report1 I published a survey of routine necropsies

performed on new-born infants dying at the University Hospital over
a period of three years\p=m-\aseries of thirty-six\p=m-\inwhich survey special
attention was devoted to the incidence of cerebral hemorrhage. So much
interest has been aroused concerning other causes of death that another
and more general study from that point of view has seemed advisable.
Consequently, a survey of the results obtained in the postmortem exam-
ination of infants has been made from the past ten years' record of the
department of pathology, including those from the University Hospital.
These necropsies were performed by members of the department at the
request of various clinicians in various parts of the city, and thus repre¬
sent not entirely routine examinations but largely those to which some
especial clinical interest in regard to either mother or child was attached.
Performed as they were by various members of the staff, both past and
present, at various times and places and under very different conditions,
they lack uniformity in both technic and report of findings. Also in
many cases the clinical data were inadequate or unavailable. However,
enough significant facts are apparent to stimulate further interest in
autopsies on infants and to justify efforts to obtain an examination of
every case of death even in infancy.
This series includes 200 necropsies performed on babies who were

stillborn or who died a week after birth, thus eliminating to a certain
extent postnatal affections. Unfortunately, of the 200, only. 136 repre¬
sented complete examinations, the opening of the skull having been
omitted in sixty-three and only the head having been examined in one
Received for publication, Jan. 10, 1921.
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case. Of the total number, 120 were males, seventy-eight were females
and the sex was not mentioned in two. One hundred and fifty-two were
apparently full term infants, and of these, two (both of whom were

stillborn) had a history of having been overdue for about two weeks.
Of these full term babies ninety-three were alive at the time of birth ;
fifty-nine were dead. Forty-eight were probably premature, varying in
age from 6 to 8% months, and of these nineteen were stillborn and
twenty-nine lived for some time. Therefore, of the total number, 122
breathed spontaneously and seventy-eight were born dead.

One group of fourteen cases has not been given detailed considera¬
tion since they were all coroner's cases representing infanticide and
showing evidence of traumatic death unaccompanied in each case by
any other evidence of diseased conditions. In yet another case a crani-
otomy had been performed during a markedly prolonged labor, thus
placing this infant in the group of traumatic deaths.
Table 1.—Necropsies Made, Viability of Infants and Lesions Found

A. Number Done Per Cent.
Complete necropsies. 136 68
Head not examined. 63 31
Body not examined. 1 0.5

Total. 200
B. Viability

Infants living. 122 61
Full term. 93
Premature. 29

Total. 122
Born dead. 78 39
Full term. 59
Premature. 19

Total ...... 78 200
C. Findings

Lesions found
.

140 70
Traumatism. 14 7
No lesions found. 46 23
Head not examined
.

22
Premature. 16
Full term. 30

Total. 68 200

In only forty-six of the 200 cases was no gross or microscopic lesion
found, but of these forty-six cases the head was not examined in twenty-
two, thus rendering impossible the demonstration of some intracranial
lesion, such as cerebral hemorrhage—a very frequent finding in new¬
born infants. Therefore, in only twenty-four of the 200 (12 per cent.)
did a complete examination fail to show some demonstrable lesion. In
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some of these, premature birth alone might readily have accounted for
death ; or, there might have been lesions present which were overlooked
by the ordinary routine examination. For example, some observers
have found that in certain cases the thymus may be so large as to cause
very marked compression of the trachea, thus seriously interfering with
or preventing breathing. Such a condition, especially when, as often
happens, the thymus is not carefully examined, might be overlooked,
unless the pathologist is especially well trained.
However, in this series 154 cases, or 77 per cent., did show definite

pathologic lesions, even though the examinations were incomplete in
some cases. Surely this fact demonstrates beyond a doubt the impor¬
tance of necropsies on infants, and shows the fund of knowledge which
may thus be given to the pediatrician, obstetrician and pathologist.
Such a prospect is worthy of the closest cooperation between these
specialists and the resulting trend toward more and better scientific
medicine.

TABLE 2.—Cerebral Hemorrhage

Stillborn. 9 12
Full term. 3
Premature. 3

12
Living. 41
Full term. 34
Premature. 7

-

Per Cent.

41
53 43

Associated with hemorrhagic
disease. 20

Here, as in the shorter series from the University Hospital, the most
common finding was cerebral hemorrhage, which occurred in fifty-three
cases (Table 2). In the total series only 138 heads were examined,
and of these thirteen were those of obviously healthy infants, the
victims of infanticide, and therefore only 125 heads were examined in
babies dying from natural causes.
Therefore, the fifty-three cases of cerebral hemorrhage found repre¬

sent a percentage of 42 in all cases of infants either stillborn or dying
in the first few days of life, on the bodies of whom a complete examina¬
tion was made. This number representing, as it does, only cases picked
at random by clinicians especially interested in that particular case,
compares very favorably with the higher number of 50 per cent,
obtained by routine complete necropsies at the University Hospital. In
that study it was found that cerebral hemorrhage in the new-born
usually presented no distinctive symptoms or syndrome. Therefore,
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there are undoubtedly many babies who died because of that condition
and yet during life did not attract sufficient attention to justify request
for a necropsy or even with a necropsy to make imperative the examina¬
tion of the brain. It is quite reasonable to conclude that very many of
these cases escape a correct diagnosis.

Such figures as these emphasize strongly the attention due such a

condition and the value of statistics based on detailed complete and
routine postmortem examination of every infant, either stillborn or
dying in early infancy. Such a procedure is simplified by the ease with
which these permissions are obtained. In many cases, especially in still¬
births, the parents do not require the return of the body following the
necropsy. However, even when they do, restoration may be made as
satisfactory as in an adult.
Cushing

-

and Strachauer 3 both advise operation as a therapeutic
measure in cerebral hemorrhages of the new-born whenever the diagno¬
sis can be made and thus prevent various palsies which may result later
in life. In addition, then, to the contribution to general knowledge
necropsy studies as to frequency, size and location of these cerebral
hemorrhages will be a very real and important aid to the surgeon and
may greatly widen his scope of activity in cerebral surgery of the new¬
born.
It is of great interest to find that of the fifty-three cases showing

intracranial hemorrhages, only twelve were stillborn babies while forty-
one breathed for some .time. In many cases the histories showed that
the babies were perfectly normal at the time of birth, the symptoms,
when they were present, not appearing for several days. In twenty of
these cases the hemorrhage over the brain was associated with hemor¬
rhages in other organs suggesting the syndrome known as hemorrhagic
disease of the new-born, which is'characterized by an increased clotting
time of the blood. This at once brings up the question of the decreased
coagulability of the blood being intimately associated with the etiology
of the cerebral hemorrhage. One is justified in such an assumption
when one finds that nearly one-half of the cases of intracranial hemor¬
rhage are associated with multiple hemorrhages in other organs.
Even in a short, normal labor there must necessarily be great con¬

gestion, distortion and, perhaps, laceration of the intracranial blood
vessels of an infant. This is emphasized by the anatomic fact that, at
this early age, there are no adhesions between the dura and cortex,
leaving the delicate blood vessels entirely unprotected as they leave the

2. Cushing: Intracranial Hemorrhage of the New-Born, Am. J. M. Sc. 130:
563, 1905.

3. Strachauer : Surgical Treatment of Cerebral Hemorrhage in the New\x=req-\
Born, Minnesota Med. 3:577, 1920.
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surface of the brain. It is reasonable to believe that, although injury
frequently occurs, the hemorrhage is small, soon ceases and is finally
absorbed in a normal infant. But should the coagulation time of the
blood be increased, the hemorrhage may attain great size and finally
cause either death or the distressing palsies or contractures too often
appearing later in life.
From these findings, as well as those of the former shorter series,

one is convinced of the fact that intracranial hemorrhage is a common
condition in new-born infants and is often associated with and fre¬
quently caused by hemorrhagic disease in the new-born. Further com¬
plete routine postmortem examinations on every dead infant will add
valuable knowledge to our conceptions of both these conditions as well
as their relationships to each other.

TABLE 3.—Hemorrhagic Disease and Single Hemorrhage

A. Hemorrhagic Disease
Per Cent.

Associated with cerebral
hemorrhage. 20 10

Associated with congenital
syphilis. 7 3Vá

Associated with malforma¬
tions. 4 2

Associated with ulcérations 3 IM;
Duodenum. 1
Hard palate. 2

Occurringalone. 7 3V»

Total.'. 41 20%
Clinical symptoms. 13
Head not examined. 5

B. Cases Showing Single Hemorrhage
Lungs. 5 2VL>
Liver. 2 1
Thymus. 1 Va
Suprarenal. 1 Va

Total. 9 4VL>

The lesion ranking second to cerebral hemorrhage, both in numbers
and importance, is hemorrhagic disease of the new-born considered as
an entity by itself. This most important condition has recently been
brought into great prominence by Rodda 4 in his study dealfng with
diagnosis by means of routine determinations of coagulation of the
blood carried out by his simple method and, when found, treatment
of the disease by means of subcutaneous injections of whole blood.
In this series, forty-one, or 20 per cent., gave evidence of this con¬

dition (Table 3), and of these forty-one, only thirteen showed the
clinical sign of prolonged bleeding from an abrasion or hemorrhage

4. Rodda : Studies with a New Method for Determining the Coagulation
Time of Blood in the New-Born, Am. J. Dis. Child. 19:269 (April) 1920.
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from the mucous membranes. But doubtless had a coagulation time
been done the clinical diagnosis would have more closely approximated
the autopsy diagnosis.
Of the forty-one bodies showing the multiple hemorrhages, twenty,

or one-half, showed also intracranial hemorrhages as mentioned above.
In five cases no examination of the brain was made, so had more com¬
plete necropsies been performed a yet larger number might have shown
hemorrhage over the brain. Since about one-half of the cases of hemor¬
rhagic disease showed cerebral hemorrhage, there is very strong evidence
that in many cases the two conditions must be very closely related.
In only seven of these forty-one was there evidence of syphilis.

Only four were associated with malformations or developmental defects.
This observation is of interest only in the consideration of the possi¬
bility of hemorrhagic disease coming under the head of developmental
defects and, therefore, being associated with other malformations—a
supposition not borne out in this study.
Of great interest, however, is the finding in three of these cases,

and in no others in the series, of ulcérations of the mucous membranes
from which there was apparently prolonged bleeding judged by the
adherent thrombi. One of these ulcers was in the hard palate, the other
two ulcers were in the duodenum. One is accustomed to seeing duo¬
denal ulcers associated with hyperacidity in adults but duodenal ulcers
in infants is a rare finding. However, since no similar findings were
observed in other cases, and since these three cases showed multiple
hemorrhages in the viscera as well as clinical signs of bleeding from
the mouth and bowel, one is justified in the belief that the ulcérations
were the results of the pre-existing hemorrhagic diathesis. This theory
is strengthened by the fact that these infants lived three, four and five
days, respectively.
Nine other bodies revealed large hemorrhages in single organs—five

in the lung, two in the liver, and one each in the thymus and supra¬
renal. But these cases were not included in the list showing the hemor¬
rhagic syndrome because of the strong possibility of single hemorrhages
being due to trauma resulting from birth or artificial respiration.
The next group claiming attention is the ever interesting one of

malformations. Of the 200 cases studied, thirty showed developmental
defects, and in only eight of the thirty were multiple malformations
noted. Therefore, contrary to the belief that malformations usually
are multiple, less than one-quarter of the cases of this series followed
that rule (Table 4). The majority of these are listed in the table and
need no farther explanation. Many of the more common ones appear
but once. The case of transposition of the viscera was complete in every
detail. Polycystic kidney occurred twice and both were extreme cases.
Each one showed a normal liver. Two most striking anomalies of the
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TABLE 4.—Malformation

Heart
Opening in interventricular septum.
Very large opening in interauricular septum
Bifid apex.
Four cusps on aortic valve.
Absence of interventricular septum and pul¬
monary artery.

Pulmonary artery continuous with aorta....
Atresia of pulmonary vein.
Aorta of pulmonary from right ventricle.

Per Cent.

Total.
Gastrointestinal tract
Atresia of small intestine....
Stricture of esophagus.
Subhepatic position of colon.
Total.:.

Urinary tract
Absence of right kidney, ureter, urethra and
anterior abdominalwall.

Double kidney andureter.
Atresia of ureters at bladder orifice.
Hydronephrosis and hydroureters (bilateral)
Hydronephrosis and hydroureter (unilateral)
Horseshoe kidney.
Malformed kidney.
Polycystic kidney.
Total.

Liver
Hemangioma ....^.
Malformed liver.

4
1
1
1

1
2
1
1

12

4
2
1

1
1
1
3
1
1
1
2

11

1
1

3Vz

5%

Total.
Suprarenals
Accessory suprarenal
Aplasia of suprarenals
Total.

Brain and spinal cord
Hydrocephalus.
Iniencephaly.
Anencephaly.
Encephalomeningocele.
Encephalocystocele.
Spina bifida with hydrocephalus
Total.

Transposition of viscera
Cleft palate.
Hare lip.
Club feet.
Accessory spleen.
Stenosis of larynx.
Total cases, 30.
Multiple, 8.
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heart were seen ; one case showing only one single large ventricle and
leading from it one large artery which gave off branches to the lungs
and then followed the usual aortic course. The other had a blind end
to the pulmonary vein and no vessels communicating with the left
ventricle, the only opening being in the interventricular septum. The
other malformations of the heart were those which are usually seen.
Atresia of the small intestine was observed four times. In each case

there was no complete interruption of continuity, but a solid cord con¬
nected the two patent ends of bowel. One of these cords was found
in the lower end of the small intestine at a point corresponding to the
frequent site of a Meckel's diverticulum ; in a second case the cord was
at the junction of duodenum and jejunum; in a third, it was 75 cm.
below the pylorus and was associated with a definite break in the
mesentery ; and in the fourth case it was in the duodenum. Congenital
stricture of the esophagus occurred twice and stenosis of the larynx
once.

TABLE 5.—Birth Injuries

Per Cent.
Fractured vertebrae (3rd, 4th and 5th). 3
Fracturedskull. 1
Dislocated occipital bone. 1
Torn tentorium. 1
Rupturedmediastinum. 1

Total. 7 OVA

There was a comparatively large number of malformations of the
head and spinal cord, due, perhaps, to the fact that these were unusual,
attracted attention and were sent to the university because they were
thought to be of special interest. The percentage of necropsies on such
cases is, therefore, much higher than would result from routine exami¬
nations of every dead infant.
For the same reason, there are a large number of birth injuries.

A long, abnormal or otherwise unusual labor resulting in a stillborn
child or one dying soon after birth excites the interest and suspicion of
both the obstetrician and the relatives, and a necropsy is requested. In
this series birth injuries were seen seven times (Table 5). The most
common injury was fracture of the vertebrae, which occurred three
times in the third, fourth and fifth vertebrae, respectively, and in each
case, as would be expected, there was a laceration of the spinal cord
at that level. A fractured skull was seen only once, as was also one
case of dislocation of the occipital bone causing a fatal hemorrhage,
one example of a tear in the tentorium, and one instance of a ruptured
mediastinum with resulting emphysema and pneumothorax. However,
even considering the number of birth injuries as being larger here than
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in routine series, it is still very small, representing as it does less than
one-half of 1 per cent.
Congenital syphilis was found twenty-three times, and in only thir¬

teen cases were signs or symptoms in the parents given in the history.
However, it must be borne in mind that the majority of these histories
were obtained by the pathologist under adverse conditions, and are
consequently, in many instance, at least, neither complete nor reliable.
On the other hand, in eight cases the parents gave signs of syphilis but
no demonstrable evidences of syphilis were found in the necropsy on
the child. In this latter group the infants might have escaped the dis¬
ease, although in some cases, at least, the presence of the disease may
have been overlooked or may have been in a latent form. Syphilitic
lesions frequently do not stand out very prominently and may appear
only in the microscopic picture, and only too often this is complicated
or obscured by the pronounced autolysis or postmortem changes having
taken place either before or after birth. An examination of the epiphys¬
eal line may be of definite value, but cannot always be carried out
without an unwarrantable mutilation of the body. Congenital syphilis
may easily be overlooked unless a careful and detailed search be made
on a body which has not yet undergone too marked postmortem changes.
It is of interest to note that in the nineteen cases showing evidences

of congenital syphilis, only two bodies were in a macerated condition,
while nine other bodies without either findings or history of syphilis
showed maceration. While it is an undisputed fact that causes other
than syphilis may produce death of the fetus in utero, it must be
admitted that in many instances maceration may have obscured the
evidence of syphilis, and that since many of these histories were incom¬
plete or inadequate the condition may have been really present in a

larger percentage of cases than is shown by this analysis.
In such a series as this, consisting of infants dying within a week

of birth, very' few acute infections were found. In the case of one
baby, living six days, death was caused by infection of the umbilical
stump. In the case of another baby living only twelve hours, a marked
vegetative mitral and tricuspid endocarditis was found. Since the
infant showed evidences of congenital syphilis and the mother gave a

history of a recent rash typical of the secondary stage of syphilis, this
was considered to be an acute syphilitic lesion of the heart valves.
However, as there had been no opportunity at this necropsy to make
careful bactériologie studies, the possibility of this being a strepto¬
coccic infection superimposed on a syphilitic condition must be con¬

sidered. Another possibility is that these apparent vegetations were
only subendocardial hemorrhages on the edges of the valve leaflets—a
condition described at length in the literature but not observed in any
cases in this series.
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Another baby living only two days and showing a marked jaundice
after birth, presented at necropsy a definite abscess of the liver and
acute splenitis. Since such a condition probably could not have devel¬
oped in two days, this points strongly toward a hematogenous infection
from the mother, who must have had at least a transitory bacteremia.

TABLE 6.—Congenital Syphilis

A. Findings
Associated with hemorrhagic disease..
Associated with cerebral hemorrhage
Associated with bronchopneumonia ..
Alone.

Total.
B. Viability
Living.
Dead.
Macerated, 2.
Total.

C. History
With history in parentsWithout history.
Total.

History in other cases without findings.Body macerated without syphilis, 9.

5
3
1
11

19

11

19

13
6

19

Per Cent.

9%

9%

9%

TABLE 7.—Acute Infections

Bronchopneumonia.
Infected umbilical stump.Endocarditis (mitral and tricuspid).Abscess of liver with splenitis and hepatitis.
Total

A fourth baby showing evidences of congenital syphilis presentedalso a bronchopneumonia which did not at all resemble the "white" or
syphilitic pneumonia. This child had lived seven days and, undoubtedlywith a lowered resistance due to the syphilitic condition, early fell aprey to bacterial infection of the respiratory tract.

One case of especial interest was that of a full term infant who
lived only two and one-half hours and presented at necropsy a verytypical bronchopneumonia. Smears from the lung showed polymorpho¬nuclear leukocytes and gram-positive cocci in pairs and chains. There
is little doubt that this condition also developed in utero, although themother appeared to be entirely normal. A fourth case of broncho¬
pneumonia was found in an infant who lived three days and whose
temperature reached 102 F. In this instance the mother, at the time
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of delivery, was suffering from a severe attack of tonsillitis. These
cases demonstrate very well the occurrence of infections contracted
either in utero or at the time of birth.
Another infant apparently normal at birth, at three days of age

developed a temperature of 105 F. and died the following day. The
necropsy revealed a peculiar hemorrhagic process involving the greater
part of both lungs. This picture was practically identical with the
so-called "hemorrhagic bronchopneumonia" seen so frequently in
patients dying of influenza. Since this occurred at the early outbreak
of the 1918 influenza epidemic, it was probably an instance of this dis¬
ease in a new-born infant—an uncommonly rare occurrence.
Another case of interest as an example of acute infection in the

new-born has already been reported by Barron 5 but was excluded from
this series because the infant lived eleven days. This was a case of
cerebrospinal meningitis caused by a strain of B. coli.

TABLE 8.—Summary

Cases examined. 200 Per Cent.
Complete. 136
Traumatic deaths. 15 7M?
Cerebral hemorrhage. 53 44
Hemorrhagic disease. 41 20%
Malformations. 30 15
Birth injuries. 7 3%
Congenital syphilis. 19 9%
Acute infections. 7 3%

It would be of interest in this series, especially in those mothers
showing no evidence of disease, to know how long before delivery the
rupture of the fetal membrane took place. Early rupture of the mem¬
branes, as well as vaginal examinations, suggest a possible etiology for
infections present in the infant at the time of birth.
In two cases only of the series did the cranial bones show ossification

with practical obliteration of the fontanels. Partial atelectasis of the
lungs seemed to be a common finding even in infants breathing spon¬
taneously, but in three babies living for some time it was very marked
and constituted the only lesion found. In these particular infants there
must have been some as yet unrecognized factor preventing the normal
expansion of the lungs and causing death by improper aeration.

Small hemorrhages under the pleura and epicardium were so com¬

mon in.this series that they cannot usually be considered more than
terminal phenomena. In the majority of the cases also the foramen
ovale was incompletely closed and the ductus arteriosus was entirely
or partially patent.

5. Barron : Meningitis in the New-Born and Early Infancy, Am. J. M. Sc.
156:358, 1918.
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Just as this survey proves most conclusively the importance of per¬
forming a necropsy on every dead infant, it also shows that in order to
obtain results of definite and permanent value each necropsy should be
performed by a trained examiner. In many cases the lesions found in
a new-born infant differ very markedly from those of the adult, e.g.,
the frequent occurrence of hemorrhages of the brain or developmental
anomalies, such as patent foramen ovale and ductus arteriosus, etc. In
the hands of an untrained observer such lesions as are often present in
infants may either escapee notice altogether or have placed on them
undue significance in relation to the cause of death. Therefore, in order
to obtain the most complete necropsies and to have uniformity in the
reports, the specialization of one member of the pathologic staff in
infant necropsies is most advisable. That such a member be also inter¬
ested in the clinical field of pediatrics offers attractive possibilities. Such
an arrangement has already been attempted at University of Minnesota,
where a teaching fellow in pediatrics is also a member of the pathology
staff. In addition to his clinical work he offers an elective in infant
pathology, helps establish a branch museum of specimens from the
new-born and also attempts to attend every postmortem examination on
infants. Under such conditions these necropsies take on new signifi¬
cance and importance and stimulate the clinicians to greater activity in
obtaining permissions and to greater interest, shown by attendance and
frank discussion at the autopsy table. This interest is usually shared
by pediatrician, obstetrician and pathologist, thus leading to a coopera¬
tion which renders possible an extension of medical knowledge in a field
often neglected, and promotes that ideal of all medical work, the con¬
servation of human life and health.

SUMMARY

1. Careful, complete, routine necropsies performed on all dead
infants will return very valuable knowledge to the pediatrician, obstet¬
rician and pathologist.

2. Cerebral hemorrhage is a common condition in new-born infants,
occurring in from 43 to 50 per cent, of those examined.

3. Hemorrhagic disease of the new-born is also a frequent findingand is often associated with cerebral hemorrhage.
4. Malformations occurred in 15 per cent, of which only 4 per cent,

were multiple. Of these, developmental defects of the heart were most
common but those of the digestive tract were surprisingly numerous.5. Birth injuries were rare (0.7 per cent.) but when they occurredthey were usually in the spinal column.

6. Congenital syphilis is frequently diagnosed with difficulty, espe¬cially in the case of fetuses dead some time before birth.
7. Acute infections were rare; bronchopneumonia was the most

frequent.
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