
RETINAL HEMORRHAGES IN T H E NEWBORN* 

CONRAD L. ( 
Ann Arbor 

The appearance of hemorrhages in the 
retina of the newborn infant has been a well-
documented observation for over 100 years. 
Authorities still speculate, however, as to the 
exact etiology and incidence of these hemor
rhages. 

The purpose of this paper is to present the 
ophthalmoscopic findings in a series of 100 
newborn infants all of whom were examined 
within one hour after birth. Careful analysis 
of these cases has suggested that a factor 
heretofore unmentioned—the sudden release 
of intracranial pressure—may actually play 
an extremely important etiologic role. 

HISTORICAL BACKGROUND 

Jaeger,1 in 1861, is generally credited as 
the first clinician to report retinal hemor
rhages in the newborn. Many authors since 
have studied the fundi of newborn infants 
in an attempt to determine the incidence, eti
ology, and significance of the hemorrhages. 

The figures given for the incidence of 
these hemorrhages range from 2.6 percent2 

to 59 percent.9 Koenigstein,4 in 1884 found 
29 cases of retinal hemorrhages in a series of 
281 newborns (10 percent), Howland5 three 
percent of 400 in 1926, Edgerton6 41 percent 
of 458 in 1933, Falls and Jurow7 32.6 per
cent of 432 in 1946, Chace2 2.6 percent of 
839 in 1950 and in the most recently reported 
series M. Luther Kauffman8 found hemor
rhages in 18.2 percent of 7,727 infants exam
ined. 

The variety of percentages given for the 
incidence of retinal hemorrhages is rivaled 
only by the number of theories suggested to 
explain their presence. 

Koenigstein4 felt that the hemorrhages oc-

* From the Department of Ophthalmology, The 
University of Michigan Medical School. Read in 
part before the residents' meeting of the Detroit 
Ophthalmological Society, January 29, 1960. 

J I L E S , M.D. 
, Michigan 

curred during the first act of respiration and 
that pressure exerted on the infant at birth 
was not a factor in their production. 
Schleich9 stated that increased pressure 
within the cavernous sinus with subsequent 
congestion of the ophthalmic veins and in
creased venous pressure coupled with the 
fragility of the newborns' blood vessels 
caused the hemorrhages. Paul10 was of the 
opinion that the congestion was secondary 
to loops of cord around the neck, and that 
this was the factor responsible for the hem
orrhages. Subsequent investigations by 
others3·11'12 did not confirm this impression. 
Wolff11 implicated asphyxia while Ehren
fest12 felt that a hemorrhagic diathesis was 
present in those infants manifesting retinal 
hemorrhages at birth. 

Most of the recent investigators6·7'13'14 

suggest that the hemorrhages are a result of 
obstetric trauma and the not uncomplicated 
passage of the infant through the birth canal, 
but fail to pinpoint a definite mechanism for 
their production. 

The significance of retinal hemorrhages 
remains indefinite. Early writers9'15~17 on the 
subject felt that these hemorrhages were 
often associated with intracerebral damage 
and therefore were alarmed at their presence. 
It is now, however, generally agreed that the 
hemorrhages probably have little relationship 
to either cerebral damage or later ophthal-
mologic disease.8'18'19'20 

METHOD OF STUDY 

This report deals with a series of 100 full-
term newborn infants delivered in Beyer 
Memorial Hospital (Ypsilanti, Michigan) 
between March 8 and April 29, 1958. I was 
present at each delivery as either first assist
ant or attending physician. 

Each infant was examined ophthalmoscop-
ically, as well as externally, within one hour 

1005 

Association ATIDE 
Centre de Documentation ARIANE



1006 CONRAD L. GILES 

TABLE 1 
RELATIONSHIP OF HEMORRHAGES IN THE NEWBORN TO PARITY OF THE MOTHER 

Number of primipara infants 22 
Number of multipara infants 78 
Percentage of retinal hemorrhages in primipara infants 4 5 % 
Percentage of retinal hemorrhages in multipara infants 3 8 % 

after birth using the technique described in 
an earlier report.21 Briefly presented this 
method of examination involved instillation 
of solutions of one-percent Cyclogel and 10-
percent neosynephrine 15 minutes apart, 
mummification of the child and restraint of 
the infant's head by a nurses' aide. 

All of the infants were examined at ap
proximately 24-hour intervals. Those infants 
with positive funduscopic findings were fol
lowed until the disappearance of the retinal 
hemorrhages (or until the time of discharge) 
and those with negative findings were fol
lowed for 48 hours. 

The parity of the mothers, premedications 
used, duration of labor, anesthetics em
ployed, method and control of delivery, 
weight of infant, and degree of cyanosis and 
the findings of the ophthalmologic examina
tion were all carefully recorded. 

DATA 

1. INCIDENCE OF RETINAL HEMORRHAGES 

Of the 100 infants examined 40 percent 
exhibited retinal hemorrhages. Most of these 
hemorrhages were located in the disc-macula 
area and could be placed in three categories. 

The most frequently seen type of retinal 
hemorrhage was flame-shaped and located 
above and below the optic disc. These varied 

in number from one or two small areas to 
massive retinal hemorrhages but usually 
were resorbed quite quickly, often within 24 
to 48 hours after their appearance. 

A less common finding were grossly round 
hemorrhages, seen near the disc, usually 
larger than the flame-shaped hemorrhages, 
being one to two disc diameters in size and 
fewer in number. This type of retinal hemor
rhage remained the longest, some being seen 
seven to 10 days following birth. 

The rarest of the three types was a thin 
sheetlike hemorrhage extending radially 
from the disc to the periphery. This type 
tended to disappear in three to six days. 

2. INFLUENCE OF PARITY 

There were 22 primipara and 78 multipara 
mothers in the series (table 1). Ten of the 
babies born to primipara mothers, represent
ing 45 percent of the group, manifested ret
inal hemorrhages while 30 of the 78 children 
born to multipara mothers or 38 percent ex
hibited the hemorrhages. 

3. FORCEPS vs. SPONTANEOUS DELIVERY 

Fifty-three percent of the cases were de
livered with the aid of forceps. In most cases 
outlet or low forceps were used but mid for
ceps were used in one case, multiple forceps 

TABLE 2 
RELATIONSHIP OF METHOD OF DELIVERY TO HEMORRHAGES 

A. SPONTANEOUS DELIVERIES 
Number and percentage of spontaneous deliveries 47 
Number of infants with hemorrhages 16 
Percentage of infants with hemorrhages 34% 

B. FORCEPS DELIVERIES 

Number and percentage of forcep deliveries 53 
Number of infants with hemorrhages 24 
Percentage of infants with hemorrhages 4 5 % 
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TABLE 3 
METHOD OF DELIVERY AS RELATED TO PARITY AND THE APPEARANCE OF RETINAL HEMORRHAGES 

A. PRIMAPARA MOTHERS 

Number delivered spontaneously 10 
Number in this group with retinal hemorrhages 9 
Percentage of hemorrhages in this group 9 0 % 
Number delivered with forceps 12 
Number in this group with retinal hemorrhages 1 
Percentage of hemorrhages in this group 8 % 

B . MULTIPARA MOTHERS 

Number delivered spontaneously 37 
Number in this group with retinal hemorrhages 7 
Percentage of hemorrhages in this group 29% 
Number delivered with forceps 41 
Number in this group with retinal hemorrhages 23 
Percentage of hemorrhages in this group 57% 

applications in eight cases and oblique appli- taneously (seven out of 37 cases or 29 per-
cation of the forceps occurred in two cases, cent). 
Twenty-four out of the 53 cases or 45 per
cent demonstrated retinal hemorrhages. 

In the group of infants delivered spon- R 

taneously 16 (of 47) or 34 percent exhibited Table 4 lists the average and median 
the hemorrhages (table 2) . -'weights in the groups with and without hem-

Ninety percent of the 10 infants of prima- orrhages and those delivered with and with-
para who were delivered spontaneously ex- out forceps. The differences are insignificant 
hibited hemorrhages, while retinal hemor- and need not be further commented upon. 

4.WEIGHT OF INFANT AND METHOD OF DE-

5. DURATION OF LABOR 
rhages were seen in only one out of the 
12 (eight percent) of the infants in the pri-
mipara group in whom forceps were used The mean duration of the first and second 
(table 3) . stages of labor (that is, from the onset of 

The reverse of the above situation was rhythmic uterine contractions until the de
noted in the multiparous group where appli- livery of the child) in those infants delivered 
cation of forceps resulted in a higher per- by means of low forceps and exhibiting no 
centage of hemorrhages (23 out of 41 or 56 retinal hemorrhages was seven hours and 15 
percent) than in the group delivered spon- minutes and in those presenting retinal hem-

TABLE 4 
W E I G H T OF INFANT, METHOD OF DELIVERY AND PRESENCE OF HEMORRHAGES 

A. SPONTANEOUS DELIVERIES 

Number of infants without retinal hemorrhages 31 
Average weight of infants in this group 7 lb. 3 oz. 
Median weight of infants in this group 6 lb. 14 oz. 
Number of infants with retinal hemorrhages 16 
Average weight of infants in this group 7 lb. 3 oz. 
Median weight of infants in this group 6 lb. 10 oz. 

B. FORCEPS DELIVERIES 

Number of infants without retinal hemorrhages 29 
Average weight of infants in this group 7 lb. 5 oz. 
Median weight of infants in this group 7 lb. 4 oz. 
Number of infants with retinal hemorrhages 24 
Average weight of infants in this group 7 lb. 10 oz. 
Median weight of infants in this group 8 lb. 4 oz. 

LIVERY 
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TABLE 5 
E V A L U A T I O N OF D E L I V E R Y 

No. No. with 
Hemorrhages Percent 

Poor head control (spontaneous delivery) 10 
Rotation of head with forceps 7 
Oblique forceps applications 2 
Multiple forceps applications 8 

70 
43 
50 
38 

orrhages six hours and 45 minutes. Those 
deliveries that were spontaneous and exam
ination revealed no retinal pathology had a 
mean duration of labor of three hours and 
45 minutes while those mothers of babies in 
the group who manifested retinal hemor
rhages had a mean labor time of five hours. 

6. EVALUATION OF DELIVERY TECHNIQUE 

It is obvious that the degree of trauma in
flicted on the infant varies with the skill of 
the operator as well as the conduct of labor. 
I was present at all deliveries so that a gross 
evaluation of the control of the delivery of 
the head as well as the presence of multiple 
or oblique forceps applications could be 
made. No record is generally made of the 
above aspects of the circumstances surround
ing the delivery and consequently these have 
never been documented in their relationship 
with retinal hemorrhages in the newborn. 
The findings are charted in Table 5. 

Poor control of the head in 10 cases was 
associated with retinal hemorrhages in seven 
or 70 percent of the group. Multiple forceps 
application occurred in eight cases, 38 per
cent manifesting hemorrhages; oblique for-

TABLE 6 
ANESTHETIC AGENTS EMPLOYED 

Cases 
Cases with 

Retinal 
Hemorrhages 

(percent) 

Saddle-block analgesia.... 57 42 
Nitrous oxide-oxygen 33 33 
Open drop ether 4 50 
Caudal analgesia 3 66 
Trilene, self-administered. 2 50 
None used 1 0 

ceps placanent in two cases, 50 percent show
ing retinal hemorrhages and forceps rotation 
of the head in seven cases, 43 percent of 
those infants exhibiting the retinal hemor
rhages. 

7. ANESTHETIC AGENTS EMPLOYED 

Table 6 lists the anesthetic agents em
ployed during the delivery, the number of 
cases in which each agent was used and the 
percentage of infants in each group who ex
hibited retinal hemorrhages. 

The major agents utilized were saddle-
block analgesia and a nitrous oxide-oxygen 
combination. Forty-two percent of those in
fants delivered with the aid of saddle block 
analgesia and 33 percent of those delivered 
under nitrous oxide-oxygen anesthesia mani
fested retinal hemorrhages. 

8. CYANOSIS OF THE NEWBORN 

In this series infants were considered to 
have an abnormal degree of cyanosis if they 
remained cyanotic greater than 15 seconds 
after delivery. Nineteen out of the 40 infants 
with hemorrhages and 18 out of the 60 with
out hemorrhages required greater than 15 
seconds for the disappearance of cyanosis. 
Eight infants required greater than three 
minutes to become "pink," five of this group 
demonstrating retinal hemorrhages while 
three manifested no retinal pathology. 

COMMENT 

One of the more interesting aspects of the 
problem of retinal hemorrhages in the new
born is the great discrepancy between the 
different reports concerning its incidence. 
Several authors14-22 have attempted to ex-
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plain the variations but none have statisti
cally demonstrated the reason for the dispar
ity. Differences in prenatal care, the use of 
vitamin K, and the method and time of the 
infant examination have all been suggested 
as possible factors explaining the varied per
centages reported. 

During the period of observation the level 
of obstetrics practiced and the prenatal care 
afforded the patients appeared to be more 
than adequate. It is, furthermore, unlikely 
that the percentage of hemorrhages in any 
series originating from a general hospital (as 
most recent series do) would vary to any 
large extent as a result of these factors. 

Falls and Jurow,7 in 1946, concluded that 
vitamin-K therapy administered to the moth
ers prenatally resulted in no lowering of the 
incidence of retinal hemorrhages in the new
born infant. 

Assuming equal competence in the use of 
the direct ophthalmoscope the only factor 
(out of those factors previously enumerated) 
remaining as an explanation for the different 
percentages of hemorrhages in the newborn 
is the time of the examination of the infant 
after birth. In many of the published reports 
the time of examination is listed as "shortly 
after birth." Others state that the infants 
were seen within 24 or 48 hours while several 
groups used examination within three or 
four days as criteria for inclusion of an in
fant into their series. 

It has been stated by many observers that 
several of the hemorrhages resorb within 24 
hours, many by 48 hours and practically all 
within a week. The time of disappearance of 
hemorrhages in those infants examined in 
this series is listed in Table 7. As mentioned 
previously, all of the infants in this series 
were examined within one hour after birth. 
If, however, examination was delayed until 
24 hours after birth a figure of 36 percent 
instead of the recorded 40 percent would 
have been given as the percentage of retinal 
hemorrhages in the newborn. Examination 
at 48 hours would have revealed a percentage 
of 25 percent and at 72 hours only 20 percent 

TABLE 7 
TIME OF EXAMINATION AND PERCENTAGE OF 

HEMORRHAGES RECORDED 

Hours After Birth 

1 
24 
48 
72 

Percentage of Hemor
rhages Found 

40 
36 
25 
20 

of the infants still demonstrated hemor
rhages in the retina. 

Although the statistical significance of the 
figures in this series is low, it seems logical 
to assume that the major part of the explana
tion for the discrepancies reported in the lit
erature is due to the variation in the time of 
the initial examination. 

Most observers feel that obstetric trauma 
is the most probable cause of the retinal hem
orrhages in the newborn. It is assumed by 
many that the trauma involved in the delivery 
of a primipara is greater than that in the 
delivery of a multiparous patient and fur
ther, that forceps application per se inflicts 
greater trauma to the head of the infant than 
would ordinarily occur in a spontaneous de
livery. In this series, however, the differences 
in the percentage of retinal hemorrhages 
found in infants of multipara (38 percent) 
and primipara (45 percent) as well as the 
difference between those infants delivered 
spontaneously (34 percent) and those de
livered with the aid of forceps (45 percent) 
is not very striking. 

Because of the small differences in the 
aforementioned groups an additional finding 
bears mention as a possible factor in the pro
duction of retinal hemorrhages in the new
born. As the head is molded during the in
fant's passage through the birth canal, pres
sure is built up within the cranium and intra-
cranial venous congestion and stasis results. 
This pressure is released with the delivery of 
the infant head over the perineum. The 
change in pressure—or pressure gradient— 
can be large or small depending on the ra
pidity or control of the delivery. Thus in a 
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well-controlled, slow delivery of the head the 
pressure gradient is small and the change 
from the high pressure of the birth canal to 
the low pressure of the perineum is gradual. 
Conversely, in a poorly controlled, precipi
tous delivery of the head, the pressure gra
dient is high and the cranium experiences a 
dramatic change from a very high to a very 
low pressure environment. 

As a result of this high pressure gradient, 
diapedesis of blood and rupture of blood ves
sels may occur. It is therefore not surprising 
to find that out of the 10 infants listed as 
being delivered spontaneously with poor con
trol seven demonstrated retinal hemorrhages 
(70 percent). The remaining 37 infants, de
livered spontaneously with adequate control 
of the head, presented with hemorrhages in 
nine cases or 24 percent. 

These findings suggest that the degree of 
head control and the rapidity of release of 
the intracranial pressure in the delivery plays 
an important part in determining the pres
ence or absence of retinal hemorrhages in the 
newborn infant. 

Asphyxia of the newborn has been impli
cated by some authors as a cause of the hem
orrhages. This study did not corroborate this 
claim. 

The length of labor, weight of the infant 
and anesthetic agents employed did not ap
pear to influence greatly the occurrence of 
retinal hemorrhages in the infants examined 
in this series. 

Neither in this paper nor in the literature 
can one find enough convincing evidence to 
implicate any single specific factor as the 
cause of retinal hemorrhages in the newborn. 

That a single, as yet undetermined agent, 
may exist cannot be denied, but in the light 
of present knowledge one must conclude that 
multiple factors are involved. 

SUMMARY AND CONCLUSIONS 

In an effort to determine the incidence of 
retinal hemorrhages, 100 newborn infants 
were examined no more than one hour after 
birth. These findings and the analysis of pos
sible causative factors are reported. 

The following conclusions were reached: 
1. Retinal hemorrhages are a common find

ing in the newborn infant, occurring in 40 
percent of the cases examined in this series. 

2. The parity of the mother, weight of the 
infant, duration of labor, anesthetic agents 
employed, and degree of cyanosis at birth 
cannot definitely be implicated as major 
causes of retinal hemorrhages in the new
born. 

3. Rapid release of the increased intra
cranial venous pressure as a result of poor 
delivery of the head of the infant seems to 
play a significant part in determining the 
presence of retinal hemorrhages in the new
born. 

4. The variable time of the first ophthal-
mologic examination of the infant is the 
probable explanation for the great discrep
ancy in the reported incidence of retinal hem
orrhages in the newborn. 

University Hospital. 
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THE MOVEMENT OF FLUORESCEIN AND WATER IN T H E CORNEA* 

D. M. MAURICE, P H . D . 
London, England 

On two occasions recently,1·2 use has been 
made of estimates of the rate at which fluo-
rescein passes across the corneal stroma. Un
derlying these methods is the assumption that 
a front face to the advancing dye may be 
sharply demarcated, and that its arrival at the 
opposite surface of the cornea can be timed 
with some precision (though estimates vary 
from about five min. in the first paper to 
one hr. in the second). The purpose of this 
note is to emphasize that these conceptions 
are mistaken and can result in erroneous con
clusions being drawn. This has a certain im
portance because, in the first paper, it is sug
gested that the measurements of the passage 
time of fluorescein under various conditions 
could best be explained if there were a sub
stantial flow of water out of the cornea 
across both its limiting surfaces. 

* From the Ophthalmological Research Unit, 
(Medical Research Council), Institute of Ophthal
mology. 

MOVEMENT OF FLUORESCEIN IN THE STROMA 

There is reason to believe that the move
ment of most substances within the stroma 
obeys the simple laws governing diffusion 
in uniform media. The behavior of fluo
rescein which enters the cornea can readily be 
calculated on this basis. The simplest case 
to consider is when some of the dye is liber
ated momentarily at one surface of the 
stroma and diffuses across to the other; this 
should correspond approximately to what 
happens when a drop of concentrated solu
tion is instilled into the conjunctival sac and 
shortly afterward washed away. Figure 1 
shows how the concentration varies across 
the stroma as the fluorescein spreads into it. 
The shape of the curve is that of the simple 
error or Gaussian curve, and is such that the 
concentration is given by:3 

Μ 
_ _ _ g-x2/4Dt 

vVDt 
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