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Foreword 

Retinal haemorrhage occurring during birth is a common feature in the newborn. 
There is no basic funduscopic or morphologic difference between this perinatal type 
of haemorrhage and that in the adult. The difference is that perinatal haemorrhage 
resorbs rapidly, within a few days, and no functional defects of retinal vessels are 
known. 

The fIrst observation of perinatal haemorrhage took place nearly 100 years ago. 
Many observations have been published in short papers; what was still lacking was a 
systematic pathogenic classifIcation of the different types of haemorrhage, a compari
son of the perinatal type of other types of retinal haemorrhage, a comparison to other 
perinatal ocular haemorrhages, a detailed histologic description and a multi-faceted 
correlation of haemorrhage to aetiologic factors. 

The author has based his comprehensive evaluation on the observation of more 
than 400 newborn infants, the reexamination of several cases with macular haemor
rhage, the histologic work-up of serial sections and the review of extensive literature. 

It is a remarkable fact that a physiologic process, birth, is related to this type of 
vessel rupture, which is present during a short period of postnatal life. In its complex 
analysis of these facts and conditions this book is particularly valuable. 

Munich, Winter 1978/79 O.-E. LUND 
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Introduction 

The perinatal period is a particularly dangerous one. Its scientific investigation and the 
medical care of mother and child have been intensified in recent years and denomi
nated "perinatal medicine". The most important research in this branch of medical 
science has been contributed by obstetricians and paediatricians, but relations to other 
fields are also very close as, for example, in the neurologic and haematologic abnor
malities of the newborn. 

Opththalmology can also contribute to perinatal medicine not only by observing 
the nerve-head and the retinal vessels, which link ophthalmology to so many other 
medical branches, but also by revealing a most spectacular abnormality which occurs 
in a high percentage of newborn infants: perinatal retinal haemorrhages. These can be 
so extensive that the posterior half of the retina shows more haemorrhagic areas than 
normal ones. If not related to birth, a similar ophthalmoscopic appearance would cor
respond to a severe disease such as subarachnoid haemorrhage or central venous occlu
sion. But here the newborn infants affected are otherwise healthy and the haemor
rhages absorb rapidly. 

This type of retinal effusion was first descnbed in 1881 and since then its mor
phology, aetiology and significance have been under discussion. The literature contains 
the most divergent opinions and speculations on these three topics. This study has 
been carried out to provide more facts and thereby give the discussion a more substan
tival basis. 

Clear results were to be expected from a thorough morphologic analysis. Clinical 
observations of many disorders of the newborn had not led to a valid morphologic 
classification. Fundus photography proved to be superior, and with continuous serial 
sections correlated with the photographs a great number of new details were revealed. 

Evaluating the importance of aetiologic factors is far more difficult. Here, many 
suspected correlations were a result of having examined too few cases, e.g. the simple 
question of whether more boys or more girls were affected found contradictory 
answers. 

Practically no two clinical series correspond to each other. A review of the world 
literature was attempted, including the most remote publications available. This exten
sive compilation fmally revealed indications as to which factors really influence the 
incidence of retinal haemorrhages. 

A correlation of retinal and intracranial haemorrhages in the newborn would have 
been of the greatest significance; but the original results have not been confrrmed by 
later authors. Another suspected correlation of macular haemorrhages and later ambly
opia has been discussed by many, but only investigated by a few authors. The reliable 
data published about the course of macular haemorrhages are disappointing. Besides 
that, discussions on sequelae were based more on speculations than on pathoanatomic 
details. The most valuable histologic examination of this type of haemorrhages dates 
from 1890 (Naumoff). 



2 Introduction 

So what began as a very limited investigation on the influence of fibrinolysis 
inhibitors on perinatal retinal haemorrhages developed further and further, especially 
when with reading more literature the number of contradictions grew and the amount 
of clarifications did not. The author felt a monograph on this subject would be useful 
and of in terest not only to ophthalmologists but also to paediatricians and obstetricians 
and all those concerned with perinatal problems. It should be stressed that this book is 
not composed of material from previous papers but that most of the information is 
being published for the first time. The author, a specialist in ophthalmology, apolo
gizes for less competent handling of themes less familiar to him (e.g. obstetrics or 
haematology). 

Perinatal retinal haemorrhages have the advantages that they can be easily 
observed and that their study is not bound to large hospital centres. The disadvantage 
is that some publications are of a very low scientific standard and that other good 
papers are difficult to obtain. Unfortunately some authors owe their frequent quota
tion more to the easy accessibility of their paper than to its importance, whereas other 
very thorough studies remain practically unknown. 



I. The First Observation 

A. Konigstein or von Jaeger? 

The fIrst author to describe retinal haemorrhages in newborn infants was L. Konigstein 
in the year 1881. All later investigators up to the 1920s gave Konigstein the credit for 
the first description. Since then opinion is split into two different groups. Only a few 
continue to cite Konigstein - which is correct - (Powelett and Townes, 1948; Can
dian, 1949; Grassi and Musini, 1950; Yoshioka, 1954; Schwartz, 1961; Yohidta et aI., 
1961; Veinbaum, 1967; Wierhake, 1971). 

Most of the other authors (e.g. Lachmann, 1927 quoting Jacobs, 1924; Edgerton, 
1934; Jamy, 1947; Dolcet-Buxeres and Ferrer-Pi, 1954; Crehange, 1958; Brogi et aI., 
1962; Grigera, 1964; Kobayashi et aI., 1964; Jain and Gupta, 1965; Pannarale, 1966; 
Schenker and Gombos, 1966; Stefanini et al., 1968; Takeda, 1968; Sezen, 1970; 
Schlaeder et al., 1971; Bergen and Margolis, 1976) believe that von Jaeger gave the 
first description in 1861. Unfortunately Duke-Elder also repeats this error in his 
System of Ophthalmology (1967). 

What could be the source of this confusion? The original publications, i.e. von 
Jaeger's book Die Einstellung des diaptrischen Apparates im menschlichen Auge 1 

(1861) and Konigstein's article Untersuchungen an den Augen neugebarener Kinder 2 

(1881), are not easily accessible. Therefore the error must be due to continuous repeti
tions of a wrong quotation. Investigation leads to Eherenfest's very influential book, 
Birth Injuries of the Child (1922). Ehrenfest mentioned in the context of perinatal 
retinal haemorrhages von Jaeger's work of 1861. But the connection is different. 
Ehrenfest said only that von Jaeger examined newborn babies, but not that he noted 
retinal haemorrhages, as subsequent authors believed. Also Konistein's paper is men
tioned by Ehrenfest in a different context, and it seems that Ehrenfest had seen 
neither of the original publications. 

It is debatable whether von Jaeger saw the haemorrhages. His book, which is not 
easy to read, deals with the refraction of the human eye. To compare different age 
groups he also examined 50 children aged 9-16 days in a foundling hospital. With this 
late examination date, only relics of very massive fundus haemorrhages could have 
been found. In addition his technique with a direct ophthalmoscope and without 
mydriatics was not appropriate to reveal haemorrhages. Both this technique and his 
refractive results were severly attacked by later authors (Ely, 1880; Konigstein, 1881; 
Schleich, 1894; von Sicherer, 1907). Furthermore, in his atlas Ergebnisse der Untersu
chung mit dem Augenspiegel 3 (1876), von Jaeger did not mention the haemorrhages in 

1 The adaptation of the dioptric apparatus of the human eye. 
2 Investigation of the eyes of newborns. 
3 Results of Ophthalmoscopy. 
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question. But without any doubt Duke-Eider's citation "Retinal haemorrhages in the 
newborn, as fust recorded and illustrated by von Jaeger (1861) ... " will continue to 
cause confusion. 

On the other hand K6nigstein clearly claims to give the fust report on retinal 
haemorrhages in newborn infants. The main purpose of his presentation, as he gave it 
at a conference in Vienna (according to Schleich in May 1881), was the discussion of 
von Jager's questionable refractive results. Konigstein applied atropine and his results 
are in accordance with the general opinion about the refraction in the eye of newborn 
children. Because of its difficult accessibility, the translated text of the first descrip
tion of retinal haemorrhages follows (c.f. original German text in the Appendix): 

Very frequently one encounters indistinct red patches of different size and shape. 
In the beginning I could not explain these. Owing to the difficulty in observing one 
area over a longer time, I was uncertain whether I was dealing with extravasations or 
whether the pigment epithelium was defective in one place. I reexamined several of 
these cases after a few days but could no longer find any trace of the patches. In one 
infant that I examined a few hours after birth, I found two dark red patches, whose 
size was nearly that of a disc diameter, close to the optic disc. I could identify these as 
extravasations of blood. I reexamined the infant each day, observing how the extra
vasations from the periphery as well as the centre grew lighter, thus becoming indis
tinct. I observed this in several children. In children a few days old, the patches were 
more or less dark red, distinctly outlined, frequently protruding into the vitreous 
body, whereas slightly older children demonstrated only indistinct patches. Extravasa
tions of blood are not rare; I have observed them in 10% of my cases and am surprised 
that they have escaped the observation of other investigators. Either they are found in 
radial orientation, forming streaks that accompany vessels, or in small or larger patches 
of circular configuration. Frequently the entire fundus is covered. As mentioned 
above, they are rapidly reabsorbed and are therefore of no further Significance. Never
theless, it could be possible that, with extensive extravasation, retinal elements are 
destroyed and that the extravasations could be the cause of later amblyopia without 
other findings. When do the extravasations occur and how are they produced? They 
certainly do not begin during uterine life. Their appearance and analogy with effusions 
into skin and conjunctiva make this unlikely. They can only occur during birth or as 
a result of the blood circulation's being altered by the first breaths. The great pressure 
exerted on the infant makes the occurrence of haemorrhage likely during birth. It 
must be mentioned, however, that in difficult forceps deliveries, in frontal presenta
tions and with large heavy children, haemorrhages are no more frequently observed 
than with small or immature children, delivered relatively easily and quickly. It is my 
opinion that the cause of haemorrhage is the change in circulation and the arterioliza
tion of blood. Frequently enough I had the opportunity to observe how, in a child 
who was blue (venous) at birth and turned pink after a few breaths, numerous extra
vasations developed in the skin. The same process is likely to happen in the retina. 

Thus Konigstein not only gives a description of the appearance, but already dis
cusses later amblyopia and gives a first theory about the origin of these haemorrhages, 
namely via arteriolization of the blood. 

In 1884 Schleich was the next author to mention these haemorrhages, saying that 
little could be added to the statements of Konigstein, who saw them first. As mentioned 
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before, several authors who knew K6nigstein's text in the original mention his first 
description (Coburn, 1904; Leber, 1915). 

B. Ely 

Reviewing more contemporary literature the writer found an article by the American 
ophthalmologist E.T. my, which seems to indicate that in reality he was the first to 
see, though not clearly to describe, a perinatal retinal haemorrhage. His "Ophthahno
scopic observations upon the refraction of the eyes of newly-born children" was pub
lished in the Archives of Ophthalmology, 1880. Most ofthe children in his study were 
too old to demonstrate haemorrhages. Of the nine he saw within the first 24 h of life, 
one, in the author's opinion, clearly had perinatal retinal haemorrhages. These were 
still persistent at the second day and had dissolved within 3 weeks. Ely's original text 
reads: 

In case No. 63 there was marked neuro-retinitis in the right eye. The history of 
this case was as follows: The child was left upon the steps of the Foundling Asylum 
one cold night in January. Having been left at the wrong door, it was not discovered 
until two o'clock in the morning. It was then so chilled that it was revived only with 
difficulty. It had not been washed and was evidently only a few hours old. It was seen 
by me in the afternoon of the same day. It was a small baby, of "senile" appearance; 
otherwise, the general examination showed nothing abnormal. The ophthalmoscope 
revealed marked evidences of neuro-retinitis in the right eye. The optic disc and sur
rounding retina were much swollen; the retinal veins enlarged and tortuous. Scattered 
over the fundus were some small hemorrhages, and a few round, yellowish spots, 
looking like exsudations. There was slight divergence of the optic axes. 

This confusing case history, and the exceptional diagnOSiS, which was never again 
to be established in the thousands of other children examined, make it understandable 
that later authors like K6nigstein (1881) and von Sicherer (1907) were convinced that 
Ely had seen none of these haemorrhages. 

c. Summary 

Contrary to the general opmlOn, based on repeated wrong quotations, von Jaeger 
(1961) did not see or describe retinal haemorrhages in newborn children. The Ameri
can ophthalmologist Ely (1880) seems to have seen a case but published it with the 
confusing diagnosis of neuro-retinitis. The first clear description of the perinatal 
retinal haemorrhages dated from 1881 and was given by K6nigstein. 
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Zusammenfassung 

Entgegen der allgemeinen Ansicht, die nur aufWiederholungen falscher Zitate beruht, 
hat von Jaeger (1861) Netzhautblutungen bei Neugeborenen nicht gesehen und nicht 
beschrieben. Der amerikanische Ophthalrnologe Ely scheint 1880 einen Fall gesehen zu 
haben, wurde jedoch wegen der verwirrenden Diagnose Neuro-Retinitis nicht als Erst
beschreiber angesehen. Die erste klare Beschreibung der perinatalen Netzhautblutungen 
wurde 1881 von Konigstein gegeben. 



II. Material and Methods 

A. Ophthalmoscopy 

Four hundred newborn infants of the I. Frauenklinik der Universitlit Miinchen were 
examined within the first 24 h of life. A first series of 265 children was seen in 1969, 
consisting of mature infants after spontaneous delivery from occipital presentation. 
The purpose was to compare a group without treatment to a group of children whose 
mothers received an injection of a fibrinolysis inhibitor before the onset of labour. 
Rationale and results of this method will be discussed in the section on haemorrhagic 
diathesis (Chap. VII, D, Sect. 4). According to a review of more literature at that time, 
opinions about perinatal retinal haemorrhages were most controversial. For an inde
pendent evaluation a new series seemed desirable, comparing different types of deliv
ery. The fmal number of children seen was 400. Of these, 200 served as the normal 
control group, and form the basis for discussing the obstetric, maternal and infantile 
factors influencing the incidence of retinal haemorrhages. 

Ophthalmoscopy was carried out with a strong monocular ophthalmoscope (Bon
noskop, F. Eischeid/Bonn), using an aspheric lens of 16 D. With this method, centre 
and mid-periphery of the fundus were easily accessible, and the temporal and nasal 
equatorial periphery could be visualized. This indirect ophthalmoscopy with brillant 
contrast keeps the retina in view despite constant eye movements, frequently encoun
tered in the newborn. All infants were examined within the first 24 h of life. Some of 
them were reexamined after several days to confirm the well-known rapid dissolution 
of these haemorrhages. Ophthalmoscopy was carried out with fully dilated pupils. 
Although one drop of a mydriatic well applied is sufficient, the nurses were asked to 
apply two different agents at an interval of 10 min [Mydriaticum (Roche) and Neo
synephrine (Winthrop)]. This method was used to make sure that at least one applica
tion was effective and proved to be very successful. To immobilize the arms, the child 
was wrapped in a blanket ("mummified"). The nurse would then position the head 
with both hands, holding the two small specula (Desmarres), which had been inserted 
by the ophthalmologist. 

The ophthalmoscopic observations were noted, together with the clinical data of 
mother and child and the course of delivery. Distribution, number of special aspects 
of haemorrhages were noted. Up to 20 haemorrhages were counted, and higher num
bers were estimated. Macular affection was meticulously noted, since so many other 
reports are inexact on this point. 
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B. Fundus Photography 

The fundus of selected children was photographed, especially when the macula was 
involved. For this purpose the children were brought with dilated pupils to the Uni
versity Eye Hospital (Augenklinik der Universitat). The children were placed in a 
supine position under a hanging Zeiss fundus camera, which is used for fluorescein 
angiography (Remky and Schum, 1968). Eccentric fundus areas were visualized by 
tilting the head and guiding the eye with a squint hook (Bulpitt and Baum, 1969). 
Besides the text illustrations, the composite photographs thus obtained appear as 
Plates I-IX in the Appendix (see page 144 ft). 

Besides colour photographs, primary black and white negatives demonstrated the 
haemorrhages very clearly. Remaining technical defects are due to the incomplete 
immobilization of the children's eyes. These photographs, obtained with a hanging 
fundus camera, seem to be superior to those obtained with a hand-held cameta (cf. the 
illustrations by Kobayashi et al., 1964; Krebs and Jaeger, 1966; Takeda, 1968; Tranou
Sphalangakou, 1968; Wierhake, 1971). Bulpitt and Baum (1969) changed from a hand 
camera to a Zeiss camera. The fundus photographs proved to be extremely helpful in 
interpreting histologic and ophthalmoscopic fmdings, i.e. with the knowledge of the 
details from the photographs clinical judgement was more precise and valuable. Since 
photography is so much superior to ophthalmoscopy, it goes without saying that fun
dus paintings as first presented by von Sicherer (1907) cannot have the same value. 

C. Histology 

The eyes of eight children who died within a few hours to 3 days after birth were 
examined histologically. In four of these no haemorrhage was visible. The other four 
had retinal haemorrhages in both eyes. Two of these were immature infants and their 
retinae showed marked autolytic alterations. These latter were only used as a means of 
comparison. The illustrations of the post mortem retinae and the histologic specimen 
were taken from two children whose eyes had been enuc"Iated shortly after death. 

The strongest similarity with the clinically observed more extensive haemorrhages 
was found in a child with a birth weight of 1810 g and a length of 42 cm. It had died 
half an hour after forceps delivery due to other complications. The overall appearance 
of the fundi is shwon in Plates X and XI. 

The eyes were dissected either immediately after enucleation or after they had 
been partially fixed and then fundus photographs were taken. Some specimens were 
fixed in formaldehyde, others in glutaraldehyde. Specimens from both groups were 
embedded in paraffin. Material fixed in glutaraldehyde was also embedded in epon 
and I-11m sections were cut with the LKB-microtome. These were stained with tolui
dine blue. Some originally formalin-fixed and paraffm-embedded specimens were 
reembedded in epon after post fixation in osmium tetroxide. 

Ten-micron-thick serial sections of the paraffm-embedded material were prepared. 
This was necessary to reveal the vessel rupture within the sometimes rather extensive 
haemorrhages. The serial sections were stained with haematoxyline-eosine or Goldner. 
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PAS-stained slides were used to demonstrate the hyaloid membrane and intra-vascular 
fibrin coagula. The latter were also stained with PI' AH (phospho-tungstic-acid-haemat
oxylin). 

D. Clinical Follow-Up 

Thirty-one children with clinically observed haemorrhages involving the macular area 
were reexamined at the age of 6 or 7 years. At this age cooperation was good, so that 
reliable results regarding visual acuity, binocular function and refractive errors were 
obtained. Fundus photographs of the central area were taken and compared with the 
topographic notes, drawings or fundus photographs taken within 24 h after birth. 
Visual acuity was tested at a Moller-Wedel clinical exaniination unit (Idem-Combi) 
with the Moller-Wedel phoropter and projector. Binocular functions were tested with 
the Titmus test and occasional additional examinations. To check whether amblyopia 
was caused by a refractive error; refractometry was performed with the Hartinger 
refractometer ("aus Jena"/GDR). 

E. Summary 

Four hundred newborn infants were examined within the first 24h of life with indirect 
ophthalmoscopy and after pupil dilatation. Of these, 200 were delivered normally 
from occipital presentation. They form the control group, to be compared to other 
types of delivery and to a group in which a fibrinolysis inhibitor had been applied. 
Number and localization of Ietinal haemorrhages were thoroughly noted. In some 
cases of special interest fundus photographs were taken with a hanging Zeiss fundus 
camera. These in vivo photographs were compared to post mortem ones, which then 
were examined in serial sections. Thirty-one children with macular haemorrhages were 
reexamined at the age of 6 or 7 years. 

Zusammenfassung 

400 Neugeborene wurden innerhalb der ersten 24 Stunden unter Pupillenerweiterung 
mit indirekter Ophthalrnoskopie untersucht. 200, die ohne Komplikationen aus Hin
terhauptslage geboren wurden, bilden die Kontrollgruppe, die mit anderen Geburtsver
laufen und einer Serie nach Anwendung eines Fibrinolyse-Inhibitors verglichen werden. 
Bei einigen besonders interessanten Fallen wurden Fundusfotografien mit einer han
gend montierten Zeiss-Fundus-Kamera aufgenommen. Diese in vivo-Fotografien wur
den mit post mortem-Fotografien der Netzhaut verglichen, die in Serienschnitten wei
ter untersucht wurden. 31 Kinder mit Blutungen der Macularegion wurden im Alter 
von 6 oder 7 Jahren nachuntersucht. 



III. Morphology 

Several authors tried to classify the retinal haemorrhages they found in newborn 
infants according to their different appearances. Most investigators differentiate two or 
more flat types of haemorrhage and one three-dimensional prominent type of effusion, 
normally denominated as "preretinal". Some of the features, like the flame-shaped 
appearance of haemorrhages in the nerve fibre layer, have been correctly described by 
many authors. For the rest, the descriptions remain incomplete or incorrect, varying 
from author to author, and their explanations are based on speculations. 

Histologic documentation was not used to understand the clinical morphology of 
these haemorrhages, and the ophthalmoscopic appearance was not discussed in the 
histoplathologic investigations. A great step towards a better morphologic understand
ing of these perinatal retinal haemorrhages is offered by fundus photography. This 
reveals many details which can be clearly correlated with histopathologic pictures. 
Therefore the following morphologic classification is based on fundus photographs 
which are compared to post mortem retinae and documented by serial sections of 
these. In brief, there are three types of intraretinal haemorrhages and three types of 
extraretinal haemorrhages: 

A. Intraretinal haemorrhages 
1. Flame-shaped haemorrhages of the nerve fibre layer 
2. Granular haemorrhages of the internal granular layer 
3. Hemispheric submembranacious haemorrhages 

B. Extraretinal haemorrhages 
1. Sub retinal haemorrhages 
2. Subhyaloid haemorrhages between internal limiting membrane and hyaloid 

membrane 
3. Hyaloid (vitreous) haemorrhages 

A. Intraretinal Haemorrhages 

The majority of perinatal retinal haemorrhages consist of intraretinal layers of blood 
cells. The effusion can originate from a rupture of a capillary in the internal granular 
layer or of a venule or capillary of the nerve fibre layer. Bleeding of these two layers 
practically always occurs simultaneously. Because of this and existing similarities, the 
ophthalmoscopic appearance of both types will be described together before discussing 
their histologic differences. Figures I and 2 illustrate the fresh state of these perinatal 
haemorrhages, as they were taken a few hours after birth. 

Figure 1 shows the varying appearance and extent of the extravasations. In spite 
of all differences, the style of the configuration rriakes it possible to distinguish two 
types: 
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Fig. 1. Detail from Plate III. Typical configuration of flat intraretinal haemorrhages. 
/, flame-shaped haemorrhages of nerve fibre layer: linear and streak-like configura
tions, or patches with frayed borders, parallel to nerve fibre layer. g, granular haemor
rhages of internal granular layer: nummular with dendritic borders and independent 
of nerve fibre layer 

1. Haemorrhages with an outline shaped by the nerve fibre layer: They can be the 
smallest streaks, hardly visible by ophthalmoscopy; they can be spindle shaped, both 
ends always pointing along the direction of the nerve fibre layer; or they can form 
fringed patches, the fringes again oriented according to the nerve fibre layer. A com
mon name is "flame-shaped", which well describes these haemorrhages confined to the 
fibrous layer. 

2. Haemorrhages with an outline shaped by the inner granular layer: These round 
patches have dendritic or granular margins. Their density is lower than that of the 
flame-shaped haemorrhages, but more uniform. 

Figure 2 illustrates the same two types of haemorrhages and beyond that a third 
element: round, deep red extravasations forming a hemispheric protuberance, with a 
brillant light reflex on their summit. The outline is sharp if they are situated on unaf
fected retina, or less clearly marked if they are superimposed on a haemorrhage of the 
fibrous layer. This third group of hemispheric submembranacious haemorrhages - an 
extension of nerve fibre layer bleedings - will be discussed in Chap. III, Sect. A.3). 



Intraretinal Haemorrhages 13 

Fig. 2. Detail from Plate VII. Both types of flat haemorrhages again visible and, in 
addition, four dark red hemispheric submembranacious haemorrhages, with brillant 
white reflex on their summits. One of these (M) directly occupies fovea 

Fig. 3. Detail fromPlateX. 
Flat haemorrhages in 
retina of a child having 
lived a few hours only. 
The appearance of these 
haemorrhages entirely 
corresponds to the in vivo 
observations. The two dif
ferent types of haemor
rhages indicated between 
arrows can be seen in the 
histologic section in Fig. 4 
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In order to correlate the two types of flat extravasations with the retinal layers, 
let us compare the in vivo retina to a post mortem specimen (Fig. 3). In this retina of 
a child that died a few hours after birth, the two types of intraretinal haemorrhages 
demonstrate essentially the same features as seen before. A section through adjacent 
extravasations of the two types demonstrates that they are strictly bound to two dif
ferent retinal layers (Fig. 4). The haemorrhage in the nerve fibre layer is the one with 
the streaky or fringed outline, the other one in the internal granular layer has the den
dritic or granular outline. 

For further details, the five different haemorrhages indicated in Fig. 5 will be 
examined in particular. In anticipation of histologic documentation, it should be 
stated that the pale centre of the patchy haemorrhages consists of a thrombus of 
fibrin, occluding the vessel rupture. 

.- ·01 , '. . .,. . 
.. ~ ........ 

Fig. 4. Section through the two haemorrhages indicated in Fig. 3. The more centrally 
located haemorrhage of nerve fibre layer extends into layer of ganglion cells. The peri
pheral haemorrhage, of granular structure and dendritic outline, belongs to the internal 
granular layer, as marked between arrows. A few blood cells have also penetrated to 
the external granular layer. Paraffin, Goldner, x 200 

1. Flame-Shaped Haemorrhages of the Nerve Fibre Layer 

a) Histology 

The ophthalmoscopic appearance demonstrating the relationsip of these haemorrhages 
to the nerve fibre layer has been illustrated before. The range of extent and localiza
tion will now be examined with the help of sections of the individual haemorrhages 
illustrated in Fig. 5. 

The frnest splinter- or streak-shaped haemorrhage (a) close to th~ disc consists of 
a few hundred red blood cells in a superficial stratum of the nerve fibre layer (Fig. 6). 
The cause of this bleeding, a capillary rupture, is not demonstrable in a paraffrn 
section. 



Intraretinal Haemorrhages 15 

Fig. S. Another detail from Plate X. The letters a-e correspond to the individual 
haemorrhages that will be analyzed in the following figures and in Figs. 31 and 32. 
Direction of arrows corresponds to direction of section 

Fig. 6. Haemorrhage a from Fig. 5. This lightest degree of linear haemorrhage in the 
nerve fibre layer consists of a few red blood cells only. Paraffin, Goldner, x 230 
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Fig. 7. Haemorrhage b from Fig. 5. This haemorrhage, shaped by .the course of the 
nerve fibres ranges from the internal limiting membrane to the mternal plexiform 
layer, which is not penetrated. Close to disc, the high nerve fibre layer offers sufficient 
space for spread of hamorrhage. The light centre, also visible ophthalmoscipically, 
corresponds to an area with few blood cells and a web-like deposit of fibrin . Paraffin, 
Goldner, X 200 

The more extensive flame-shaped haemorrhage of the nerve fibre layer (b) shows 
the invasion of red blood cells from the base of the ganglion cell layer through the 
entire nerve fibre layer up to the internal limiting membrane (Fig. 7). The lighter 
centre of the haemorrhagic patch is caused by a loose packing of the blood cells sur
rounding the vessel rupture and by the occluding thrombus of fibrin . The rupture of 
the venule is situated within the nerve fibre layer itself. Haemorrhage c is situated in 
the ganglion cell layer and sections are demonstrated in Figs. 31 and 32 (p. 29). 

The next haemorrhage (d) , with macroscopically visible localization in the nerve 
fibre layer and histologically visible localization in the layer of ganglion cells (Figs. 8 
and 9), was caused by a vessel rupture in this layer (Fig. 10). A dense clot of fibrin 
surrounded by finer web-like strands is in turn surrounded by less densely packed 
blood cells. Thus, looking onto the retina, a pale centre was visible here too. 

Fig. 11 demonstrates a section through the superficial haemorrhage (e), passing 
over the margin of the disc. The continuity of the nerve fibres makes it easy to see 
how such haemorrhages can reach the centre of the disc without difficulty. This con
tinuous overlapping is also illustrated by fundus photographs (Figs. 12 and 13). In 
addition these illustrations demonstrate how a greater number of extravasations may 
cover the posterior pole with confluent patches of blood in the superficial retina. Only 
the white fibrin thrombi indicate how many major vessel ruptures from the nerve fibre 
or ganglion cell layer are present. 
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Fig. 8. Haemorrhage d from Fig. 5. Paraffin, haematoxilin-eosin, x 230 

Fig. 9. Section through the same haemorrhage, d. This haemorrhage, outlined by the 
nerve fibre, originates from the layer of the ganglion cells. The relation of the normal 
cell population to the invading blood cells is best studied with different staining tech
niques. Paraffin, Goldner, x 180 
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Fig. 10. Centre of haemorrhage d in an
other section. The source of bleeding is 
apparent through a clot of fibrin with 
finer strands in the ganglion cell layer. 
Paraffin, Goldner, x 500 

Fig. 11. Haemorrhage e from Fig. 5. Haemorrhage of nerve fibre layer close to border 
of disc. Blood cells spread from layer of ganglion cells to internal limiting membrane 
(arrow). Nerve fibres passing border of disc allow easy invasion in this direction. Paraf
fin, Goldner, x 140 
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Figs. 12 and 13. Details from Plates VII and VIII. Confluent haemorrhages of nerve 
fibre layer close to disc, passing continuously over disc border (arrow) 

b) Spread of Haemorrhages 

Within the nerve fibre layer, there are two structures shaping and guiding the invasion 
of blood cells by providing virtual spaces: (1) the bundles of channels provided by the 
MUller cells for the nerve fibres and (2) perivasclliar spaces. 

These types of spreading are demonstrated in Fig. 14 in a slightly immature retina. 
A venule is accompanied by superficial haemorrhages widening into a patch of bundles 
within the retina or along the vessel wall. Flat sections (Figs. 15 and 16) in the environ
ment of this venule clearly show blood cells in their columnar orientation along the 
fascicular walls formed by MUller cells (cf. Fig. 35, p.3I). This definite structure makes 
it easy to understand how smaller haemorrhages obtain the shape of a little streak or 
splinter whereas more extensive ones, covering many nerve fibre bundles, result in a 
patch with parallel fringes. Rupture of larger vessels will cause haemorrhages extending 
to the base of the ganglion cell layer but, according to our observations, not penetrat
ing the very dense internal plexiform layer. Close to the macula and in the periphery, 
where the nerve fibre layer is rather flat, larger effusions create the hemispheric sub
membranacious haemorrhages discussed later. 

The presence of real perivascular spaces is doubtful, according to electron-micro
scopic investigations (Hogan and Feeney, 1963). The vessels are surrounded by a col
lagenous network which can be extended by pathologic processes. This happens in the 
model of perinatal haemorrhages. The venule demonstrated in Figs. 3 and 4 is shown 
in two other sections in Figs. 17 and 18. In Fig. 17 the venule is cut traversing the 
granular haemorrhage illustrated in Fig. 4. The vessel walls are accompanied by an 
empty space, which must be regarded as an artefact. A parallel section (Fig. 18) demon
strates this same vessel closer to the very massive haemorrhage of the nerve fibre layer 
seen in the right upper corner of Fig. 4. Here, the blood cells have occupied this virtual 
space to the point that even the lumen of the venule is compressed. The vessel rupture 
creating this massive haemorrhage had occurred in a different smaller venule. Only the 
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Fig. 14. Retina of immature infant, partly fixed with glutaraldehyde. Vein imcom
pletely filled with blood. Its walls partly delineated by blood cells invading virtual peri
vascular spaces (arrow). The flat haemorrhage (x) with parallel rows of blood cells is 
analyzed in flat sections in Figs. 15 and 16 

Figs. 15 and 16. Glutaraldehyde-fixed flat sections, paraffin, haematoxilin-eossin. 
Fig. 15. Nerve fibres passing in direction oblique to vein. Right upper corner: Honey
comb-like processes of Mliller cells close to internal limiting membrane. Lower corners: 
Flat sections through internal granular layer. x 200 
Fig. 16. Blood cells follow course of venous wall and strands of nerve fibres (V, venous 
lumen). x 500 
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Fig. 17. Section parallel to Fig. 4, demonstrating venule passing over a haemorrhage of 
internal granular layer. Venule is surrounded by a loose cleavage space (arrow). Paraf
fin, haematoxilin-eosin, x 200 

Fig. 18. More peripheral section through 
same venule. Blood cells from a huge 
confluent haemorrhage of nerve fibre 
layer have invaded virtual perivascular 
space, compressing venular lumen. 
Ophthalmoscopically this would pro
duce the image of a fusiform dilatation 
of the vessel itself. Paraffin, PAS, x 500 
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easy accessibility of the virtual perivascular space caused its massive invasion. Within 
the fIxed retina, too, this perivascular extension can be easily demonstrated (Fig. 19). 
Now the red blood cells appear light on a darker background. They accompany the 
vein far beyond the main haemorrhagic patch in the nerve fibre layer. In the original 
descriptions this feature was regarded as being a fusiform dilatation of the vein itself 
(Schleich, 1884; von Sicherer, 1907). This simulated fusiform vessel dilatation can be 
seen in Fig. 1 (the superior temporal artery) and Plates I, III and VII. 

c) Source of Haemorrhages 

Fig. 19. Peripheral retina after fixation 
in formaldehyde. Blood cells brownish
white, moving along the nerve fibre 
bundles. Progression far outside origi
nal haemorrhagic area along vessel 
sheaths (arrow) 

As mentioned before , a white spot marks the centre of most of the haemorrhages of 
the nerve fibre layer and of the granular layer. This very characteristic white spot , not 
to be confused with the brillant light reflex on the top of the hemispheric submem
bramacious haemorrhages, is most precisely seen on fundus photographs. It is also 
clearly visible with a funduscope, though there is hardly ever a good description in the 
literature, and never a valuable interpretation. Meticulous serial sections prove that the 
white spot simply consists of a thrombus of fibrin, occluding the vessel rupture in 
single patches or the different sources of bleeding in confluent haemorrhages. 

Figure 20 demonstrates this coagulum in the characteristic shape of an hour-glass. 
An intravascular portion is linked to an extravascular one by an isthmus which pro
vides the actual occlusion of the ruptured vessel waIl. This typical configuration is also 
easily demonstrable with flat preparations (Figs. 21-23). Again we see an intra- and 
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Fig. 20. Rupture of medium-sized venule. Defect of dilated vessel wall in upper left 
quadrant. Within lumen, mass of fibrin, with some enmeshed leucocytes. Outside 
vessel wall, rupture is surrounded by masses of densely packed fibrin . The two por
tions linked by an isthmus, which actually occludes vessel rupture. This is the centre of 
an extensive haemorrhage of the nerve fibre layer, the white fibrinous thrombus of 
which was easily visible macroscopically. Formalin-fixed and primarily paraffin-em
bedded section, reembedded in epon after postfixation with osmium tetroxide. Sec
tion 1.5 p.m. Toluidine blue, x 930 

an extra-vascular portion, connected by a constricted stem within the rupture site of 
the dilated venular wall . Venular dilatation is frequently visible, histologically and 
clinically. 

While large fibrin thrombi of larger venules are easily demonstrable even in paraf
fin sections, the tracing of a fibrin becomes more and more difficult with decreasing 
vessel diameter. For example, the source of the haemorrhage of the inner granular 
layer demonstrated in Figs. 24 and 25 was a small venule. Its rupture was situa.ted 
immediately at the junction of a capillary rising from the inner granular layer. Loca
tion of ruptures close to capillary anastomoses seems to be frequent. Paraffin sections 
are unable to disclose the ruptured vessel wall itself. For this purpose I-p.m sections of 
epon-embedded specimens have to be examined. 

A characteristic example is presented in Figs. 26-28. In the neighbourhood of a 
fibrin clot the disruption of the dilated capillary can be detected. A similar capillary 
rupture was the source of the fibrin clot in Fig. 29, as in all other epon sections. This 
indicates that all haemorrhages are caused by rhexis and that no connection to dia
pedesis can be found (as had been discussed in the literature). 



24 

21 

23 

Morphology 

Figs. 21 and 22. Flat sections through 
haemorrhage of nerve fibre layer. At 
border of dilated venule, ruptur site 
shows typical fibrin thrombus. A small 
intravasal portion is linked to an extra
vasal mass by the occluding isthmus. 
Paraffin, haematoxilin-eosin. Fig 21 
x 200, Fig. 22 x 500 

Fig .. 23. Another flat section of the 
peripheral retina, with a typical fibrin 
thrombus: An intra- and extravasal 
portion, occluding the rupture of the 
dilated venule. Paraffin, haematoxilin· 
eosin, x 500 



24 

26 

Intraretinal Haemorrhages 25 

Figs. 24 and 25. Fibrin clot at the rupture site of small venule; adjacent sections of 
10 IJ,m. At a capillary junction emanating from the internal granular layer, a rupture 
has occurred, of which the fibrin thrombus is visible. Erythrocytes spread into the 
layer of ganglion cells and nerve fibres. 

Figs. 26, 27 and 28. Adjacent sections from capillary rupture of equatorial retina. Blood 
cells have collected between nerve fibres and extended MUller cell processes. Close to 
vessel, mass of fibrin (Fig. 26) behind which rupture itself is seen (Fig. 27, c.f. p. 26). 
In Fig. 28, arrow indicates very delicate outline of vessel, which is interrupted from 
7 to 9 o'clock. Epon, toluidine blue; Figs. 26 and 27, x 500; Fig. 28, x 1040 

25 
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Fig. 27 

Fig. 28 
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Fig. 29. Very small collection of fibrin at site of capillary rupture, surrounded by area 
with very few blood cells. Epon, toluidine blue, x 800 

2. Granular Haemorrhages of the Internal Granular Layer 

a) Histology 

Figure 4 demonstrates that a second type of flat haemorrhage occurs in the internal 
granular layer. This localization causes the different appearance of these haemorrhages. 
With different staining methods the arrangement of red blood cells in their relation to 
the nuclei of this layer is very well visible, much more so than in black and white 
photographs. Figure 30 tries to demonstrate the result of Goldner staining of a section 
with two layers of haemorrhages: A haemorrhage of the nerve fibre layer extends from 
the ganglion cells to the internal limiting membrane and has no connection with the 
haemorrhage of the internal granular layer. Both haemorrhages are caused by vessel 
ruptures in their own stratum. 

Two other examples are demonstrated in Fig. 31 by haematoxylin-eosin staining 
and in Fig. 32 by PAS staining. The orientation of blood cells in small vertical columns 
is visible (cf. Fig. 30). This columnar arrangement is even better visible in Fig. 33, 
an epon-embedded specimen of the retina of an immature infant. A flat section 
(Fig. 34) also shows how the red blood cells appear in clusters interspersed between 
the cellular elements of the internal granular layer. 

A schematic drawing from Hogan et a1. (1971) shows how the blood cells can fill 
in virtual spaces in the internal nuclear layer (Fig. 35). The typical arrangement of red 
blood cells in this layer in vertical columns or, in the flat section, in small clusters, easily 
explains the dendritic outline and the rather uniform density of these haemorrhages. 
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b) Spread of Haemorrhages 

Morphology 

Fig. 30. Overlapping flat haemorrhages 
from different sources of bleeding. Gold
ner staining with light staining of nuclei 
to demonstrate clusters of red blood 
cells in internal granular layer. Internal 
plexifonn layer is free of blood cells. 
Haemorrhage of nerve fibre layer extends 
from ganglion cells to internal limiting 

I membrane. Paraffin, Goldner, x 500 

Unlike the case with the more superficial effusions, the space for further invasion 
remains restricted for granular haemorrhages. The dendritic plexus of the internal 
plexifonn layer, with its large number of tight junctions (Dowling and Boycott, 1965), 
forms a dense barrier against the penetration of blood cells. 

The external plexiform layer is not so densely structured and thus allows penetra
tion into the external nuclear layer, as demonstrated in Figs. 31 and 32. Penetrations 
of the external limiting membrane were not observed in this series, but they have been 
described in the literature. But even the dense internal plexiform layer can be pene
trated. Figure 36 shows a few red blood cells pressed into this layer above the centre 
of bleeding of the inner granular layer. A complete rupture of the internal plexiform 
layer is illustrated by Fig. 37 and Plate XII. Here the blood cells have invaded a limited 
area of the inner nuclear layer and then have burst into the superficial layers. With this 
explosive infiltration cellular elements from the inner nuclear layer have been trans
ported up to the nerve fibre layer. The gross aspect of this unusual and destructive 
haemorrhage is seen in Fig. 3 (p. 13). In this case the superficial effusion within the 
nerve fibre layer hides the source of the bleeding. Ophthalmoscopically, this haemor
rhage would have been suspected to have originated from the nerve fibre layer. 

In general, though, haemorrhages from the internal granular layer tend to be more 
uniform and light red in colour because of their homogeneity. If they spread out into 
other layers, it will be mainly to the outer nuclear layer. 
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31 

32 

Figs. 31 and 32. Haemorrhages of internal granular layer (c from Fig. 5) demonstrated 
with different staining techniques. Here clusters of blood cells invade external graunlar 
layer and reach external limiting membrane (x). Haematoxilin-eosin, PAS, Fig. 31 x 450 
and Fig. 32 x 500 
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c) Source of Haemorrhages 

Morphology 

Fig. 33. Retina of immature infant. 
Haemorrhage of internal granular layer 
shows clusters of red blood cells push
ing aside cells of this layer. Glutaralde
hyde, epon, toluidine blue, x 400 

Fig. 34. Flat section through small 
haemorrhage of internal granular layer. 
Red blood cells arranged in clusters 
among cells of this layer. Glutaralde
hyde, epon, toluidine blue, x 500 

The usually constant size of the haemorrhage from the internal granular layer is ex
plained by the fairly uniform calibre of vessels that can cause this bleeding. The only 
vessels reaching this layer are capillaries, whereas in the nerve fibre layer extravasations 
can be caused by a wide range of vessels from capillaries to larger venules. Accordingly 
we can only expect capillary ruptures within the internal nuclear layer. Figure 38 
shows a typical fibrin clot forming the white centre of such an extravasation. As in 
most of the haemorrhages of the nerve fibre layer the thrombus is surrounded by a 
seemingly empty zone with few blood cells. In some paraffin sections no clot of fibrin 
is visible, although it is present in epon-embedded material. 



Fig. 35. Schematic drawing ofMtil
ler cells and retinal layers influ
enced by their structure (Hogan 
et aI., 1977) 
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Fig. 36. Centre of another capillary rupture of internal granular layer with red blood 
cells penetrating to this layer. Fewer blood cells in the centre, but a few have even 
penetrated into the internal plexiform layer. Paraffin, Goldner, x 500 



Fig. 37. Haemorrhage of internal nuclear layer penetrating into superficial layers. 
Vessel rupture not demonstrable in this PTAH staining. Blood cells have invaded only 
a limited area of internal nuclear layer and then have burst through internal plexiform 
layer, thus passing from ganglion cell layer to internal limiting membrane. With this 
definitely destructive eruption, nerve elements from the internal nuclear layer have 
been transported into the superficial layers (cf. Plate XII). Paraffin, PT AH, x 200 

Fig. 38. Capillary rupture in centre of haemorrhage of internal granular layer. In paraf
fin section capillary itself not demonstrable, but clot of fibrin with surrounding halo of a 
few blood cells corresponds to white centre of such a haemorrhage (arrow) . Goldner, 
x 500 
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3. Hemispheric Submembranacious Haemorrhages 

a) Ophthalmoscopy 

This third type is different from the two flat types of retinal effusions described and 
causes an elevation of the retinal surface. This suggested to some authors that they 
were subretinal; more frequently they are called preretinal. Actually they are still con
fined to the retina itself. What we see is a dark red elevation with a borderline which 
may be sharp, as in Fig. 39, or less distinct (Fig. 2) if a haemorrhage in the nerve fibre 
layer disguises this contour (Plates I, II, V, VI, VII, VIII and IX). The brillant light 
reflex on top of the elevation, wandering with the movement of the ophthalmoscope, 
is very typical. This must not be confused with the white fibrin thrombus visible in the 
flat haemorrhages. Sometimes a white clot can be seen at the border and represents the 
eccentric original source of bleeding (Fig. 40; Plates I, VII and IX). Normally this is 
hidden under the compact aggregation of blood cells. 

39 

Fig. 39. Detail from Plate V. Macular haemorrhage with clearly outlined, hemispheric 
protuberance. Brillant light reflex of detached internal limiting membrane. Other 
granular and flame-shaped haemorrhages in vicinity. Small flame-shaped haemorrhage 
at 7 o'clock seems to contain vessel rupture, from which submembranacious haemor
rhage originated. Follow-up cf. Fig. 63, p. 131 

Fig. 40. Detail from Plate IX. Confluent superficial haemorraghes of nerve fibre layer 
with multiple fibrin thrombi. Fovea is covered by submembranacious haemorrhage in 
the shape of a calabash. White spot at inferior border occludes original vessel rupture 
from which detachment of internal limiting membrane reached macula (cf. Plate I with 
a very similar situation. Follow-up cf. Fig. 64, p. 132) 

This type of haemorrhage tends to be concentrated around the macula and nor
mally occurs with other severe extravasations. If the fovea is affected it is only with 
this type. At times a rather isolated submembranacious haemorrhage can occur in the 
mid-periphery as can be seen in Plate II. In the literature this localization is known 
practically only from post mortem specimens. Figure 41 shows such a shadow-casting 
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Fig. 41. Submembranacious haemorrhage of l-mm diameter. Peripheral retina fixed in 
formaldehyde. Hemispheric submembranacious haemorrhage bulges over venule with 
limited extravasations into surroundings. Exaggerated steepness of margins is an arte
fact of fixation (loose packing of blood cells under detachment of internal limiting 
membrane) 

elevation of the mid-periphery in the fixed retina. The superficial reflex seen in vivo is 
not present in the fIxed state. The very steep elevation at the border is an artefact. 
This submembranacious haemorrhage is the continuation of the patchy haemorrhage 
of the superfIcial retinal layers, which also accompanies the veins, as demonstrated in 
Fig. 19 (p. 22). 

b) Histology 

Sections through the haemorrhage shown in Fig. 41 demonstrate very particular fea
tures (Fig. 42). Detached and highly elevated, the internal limiting membrane forms 
the borderline of this haemorrhage adjoining the vitreous body. The mass of red blood 
cells consists of two parts. The inferior lenticular part remains densely packed, even 
with fIxation. The superior part, crescentic in the section, seems to be less densely 
packed, an artefact of the preparation. At a higher magnifIcation (Figs. 43 and 44) we 
see that these masses of blood overlie an otherwise typical haemorrhage of the nerve 
fIbre and ganglion layer. The great difference now is that definite tissue lesions have 
occurred. The flat haemorrhages described before had only invaded the easily acces
sible virtual spaces between the nerve fIbres, or the ganglion cells, along the vessel 
sheaths, or between the cells of the inner nuclear layer. All these extravasations are not 
very destructive (the rupture through the inner plexiform layer was mentioned as a 
rare exception). 
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Fig. 42. Section of submembranacious haemorrhage from Fig. 41. Haemorrhage con
sists of two parts: A densely packed one within the upper part of the over-burdened 
nerve fibre layer and, superimposed, a loosely packed mass of blood cells, limited by 
the internal limiting membrane. Paraffin, haematoxilin-eosin, x 90 

Figs. 43 and 44. Margins of submembran
acious haemorrhage from Fig. 42. Sec
tions demonstrate how internal limiting 
mem brane is elevated and finally de
tached from connection to MUller cells. 
Two portions of haemorrhage clearly 
visible. Fig. 43, haematoxilin-eosin, 
x 200; Fig. 44, PAS, x 500 
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Fig. 44 (legend see p. 35) 

These hemispheric haemorrhages have elevated the internal limiting membrane, 
by lifting it from its connection with the Miiller cells (cf. Fig. 35, p. 31). The Miiller 
cell processes obviously can stand a certain amount of stretching, as demonstrated in 
Figures 26,27 and 28. Figure 44 shows how they finally relinquish their palm-like con
nections (Rohen, 1969) with the internal limiting membrane. This membrane itself 
proves to be very resistent and normally will withstand further invasion. When no rup
ture of the internal limiting membrane occurs, the term "preretinal" haemorrhages is 
not correct; the haemorrhages are still confined to the retinal tissue. 

The basic vessel rupture, with its fibrin thrombus directly on top of the inner 
plexiform layer, is demonstrated in Figures 45, 46 and 47. Also in this haemorrhage, 
the typical structure is visible with a densely packed lower mass of blood cells, and 
loosely packed upper mass of blood cells. The real difference between these two layers 
is hidden by the blood cells themselves in normal stainings. A selective staining of 
nuclei only (Fig. 48) proves that the inferior part consists of blood cells still remain
ing within a distorted retina. The superficial layer lies above all cellular elements of 
the retina but under the elevated internal limiting membrane. 

The dynamic mechanism for this type of haemorrhage must be as follows: The 
amount of blood escaping from a larger venule exceeds the quantity which can invade 
the virtual spaces within the retina. This would occur in the areas with a thin nerve 
fibre layer, as in the macular area and in the periphery. Thus the connections of the 
Miiller cells with the internal limiting membrane are stretched and finally torn, and, 
similar to a dissecting aneurysm, the haemorrhage will lift this membrane. The dense 
vascularization surrounding the macula provides many possible sources for bleeding, 
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Figs. 45, 46 and 47. Submembranacious 
haemorrhage of retinal periphery. Paraf
fin, haematoxilin-eosin. 
Fig. 45. Typical composition of two 
portions. x 200 

Fig. 46. Central part of haemorrhage 
with fibrin thrombus at internal plexi
form layer. x 400 
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but little space within the nerve fibre layer. This leads to the spread under the limiting 
membrane, and sometimes right into the fovea. No foveal haemorrhage, of course, can 
have its origin in this avascular area itself. 
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Fig. 47. Detail from Fig. 46. Fibrin thrombus at site of vessel rupture. x 1000 
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Fig. 48. Staining of nuclei with cresyl violet. Superficial layer under internal limiting 
membrane contains red blood cells only. Inferior portion contains blood cells expand
ing superficial retinal layers from ganglion cells to nerve fibres. Arrow indicates border 
of these portions. Paraffin, cresyl violet, x 260 
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4. Discussion 

Three years after the first clinical description of perinatal retinal haemorrhages, Ulrich 
(1884) reported on the histologic aspect. He found haemorrhages most frequently in 
the nerve fibre layer, but also in the ganglion cell layer and the internal granular layer. 
The most thorough and detailed examination up to now is the excellent publication of 
Naumoff from St. Petersburg (1890). He reports on 47 mature infants who died at 
birth or shortly after. He found' that some haemorrhages of the nerve fibre layer 
extended far out to the periphery, dislocating retinal elements and sometimes forming 
dense masses of blood. 

He also claims to have seen capillary ruptures, a fact which must be doubted if 
one studies his technique: The fixed and stained retina was cut between blocks of 
cheese (!) after the fat had been extracted. This technique is bound to create artefacts 
and false conclusions, as indicated by Naumoff's opinion that the internal limiting 
membrane was easily penetrated by blood cells. In this respect the lithographs of 
Naumoff cannot be compared to the photographs obtained from epon-embedded 
material. 

With or without knowledge of the microscopic details, the interpretation of the 
superficial haemorrhages as confined to the nerve fibre layer is almost always correctly 
given in the literature. The small extravasations are named linear or splinter-shaped. 
The medium ones are mainly called flame-shaped, sometimes fusiform, diarnond
shaped or brush-strokes. Confluent haemorrhages do not really form a separate group, 
although some authors classify them as sheet-like (McKeown, 1941; Giles, 1960; 
Santamarina, 1969). Their appearance is also compared to that of a retinal thrombosis 
(Franceschetti and Balavoine, 1951; Yamanouchi, 1959; Brogi et al., 1962; Puskas and 
Szab6, 1961). The same seems to be meant by the expression of Jain and Gupta 
(1965): "Stormy sunset appearance". 

Haemorrhages of the internal granular layer have already been described by Ulrich 
(1884) and Naumoff (1890). He also observed that the internal plexiform layer is a 
massive barrier difficult to pass for these haemorrhages. This type of haemorrhage is 
known from work with other diseases, e.g. venous thrombosis (Seitz, 1968). Duke
Elder (1967) calls them "dot and blot haemorrhages", arising from the capillary plexus 
of the exterior part of the internal granular layer. Their white centre could consist of 
fibrin coagula or masses of thrombocytes. This opinion is based on the classification 
of Foster Moore (1926), which could not be used for this presentation because ofthe 
impossibility in deciding whether the diamond-shaped or the rosette haemorrhage are 
those confined to the internal nuclear layer. 

In connection with perinatal haemorrhages, this granular type is mentioned by 
Richman, but she believed that they were haemorrhages of the ganglion cell layer. 
Kauffman thought that they were possibly choroidal. If they were separated at all 
from other types, these haemorrhages seem to have been called: round, nummular or 
punctiform. Other names are "spongeous" (Paufique et al., 1965; Pannarale, 1966), 
"geographical" or "lake" haemorrhage (Baum and Bulpitt, 1970), "circular, compar
able to a bunch of red flowers" (Tranou-Sphalangakou, 1968). They can be detected 
in the illustrations of Tranou-Sphalangakou (1968), Bulpitt and Baum (1969) and 
Wierhake (1971), but without clear descriptions. Baum and Bulpitt believed that they 
were situated under the internal limiting membrane. 
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In conclusion, it has to be said that the definition of the haemorrhages of the 
internal granular layer was either derived histologically without including ophthalmo
scopic detail or, if the haermorrhages had been clearly seen clinically, their correlation 
with one of the retinal layers was nonetheless erroneus. 

The hemispheric submembranacious haermorrhages have been compared to drops 
(Tranou-Sphalangakou, 1968), blobs (Baum and Bulpitt, 1970), little hats (Lomi~kova 
and Otradovec, 1956), vesicles (Moulene, 1956) and hills (Takeda, 1968). The brillant 
reflex on their summit has frequently been observed and is the best criterion as to 
whether this type of haemorrhage was properly defined as a separate group or not 
(Sidler-Huguenin, 1903; Wille, 1946; Belmonte-Gonzales, 1947; Grassi and Musini, 
1950; Mayer and Maria, 1952; Ts6pelas and Charamis, 1955; Motohashi and Koba
yashi, 1960; Puskas and Szabo, 1961; Stefanini et aI., 1968; Baum and Bulpitt, 1970). 
This superficial reflection was not always separated from the clot of fibrin in flat 
haemorrhages (Wille, 1946; Wierhake, 1971) though the two look very different. 

A reflection of similar brightness on top of haemorrhages seems to occur only in 
children with haemorrhages related either to birth or to intracranial pressure. One 
explanation could be that the typical strong superficial reflection of the internal limit
ing membrane at this age is especially visible over the hemispheric haemorrhage. 
Another possibility is that the connection of Miiller cells to the internal limiting mem
brane is especially close in children, the elevation thereby remaining restricted to a 
small and very prominent area, whereas in the adult large, flat elevations of the internal 
limiting membrane occur (Drews and Minckler, 1944). 

The hemispheric submembranacious haemorrhages are hardly ever attributed to 
their proper location within the retina: Mayer and Maria (1952) call them preretinal 
or prechoroidal; Sorsby (1963), subretinal or choroidal; Coburn (1904) and Kauffman 
(1941) subhyaloidal. The most common expression is preretinal (Seissiger, 1929; Rico, 
1939; Wille, 1946; Powelett and Townes, 1948; Baillard, 1953; Lemmingson and Stark, 
1957; Yamanouchi, 1959; Motohashi and Kobayashi, 1960; Brogiet al., 1962; Paufique 
et al., 1965; Neuweiler and Onwudiwe, 1967; Stefanini et al., 1968; Tranou-Sphalan
gakou, 1968; Weiden, 1970). It was already suggested that this expression is not cor
rect by Powelett and Townes (1948), who nevertheless continued to use it. 

Only a few authors knew that these haemorrhages are situated under the internal 
limiting membrane (McKeown, 1941; Puskas and Szabo, 1961; Moulene, 1965; Duke
Elder, 1967). Some older publications, based on histological descriptions, ascribed 
them to their proper location. The same effusions with sub arachnoidal haemorrhage 
in infants were also called preretinal (Sourdille, 1964; Hervouet, 1968), though the 
histology demonstrates an intact limiting membrane. This also applies to a study by 
Smith et aI. (1957) with experimental retinal haemorrhages in the rhesus monkey. 

The reason fOJ the confusion is that no proper term existed. The specific cavity 
under the internal limiting membrane does not correspond to a retinoschisis. There
fore, the terms "sub retinal", "intraretinal" and "subhyaloidal" from the CIBIS classifi
cation (1965) do not offer a proper designation. A new term, like "prenerval" or "sub
laminar" could be difficult to understand. Therefore the author adopts the term "sub
membranacious" used by Fine and Yanoff (1972) in differentiating "subvitreal haem
orrhage from sub-internal limiting membrane (i.e. superficial intraretinal)". This 
anatomically correct though still unusual expression "submembranacious" should be 
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preferred to "preretinal", which is incorrect in this connection. The real preretinal, 
i.e. subhyaloidal and hyaloidal, haemorrhages will be discussed in this chapter, 
Sects. B.2 and B.3. 

Reviewing the literature with correct knowledge of the ophthalmoscopic picture 
and the histologic correlation for the three types of intraretinal haemorrhages the 
author can fmd very few useful classifications. The most realistic classification seems 
to be that of Ciechanowska et al. (1974): 

1. Flameshaped 
2. Flat and round, light-red coloured 
3. Thick and round, deep-red coloured, with reflection 

Less valid are other recent classifications, as demonstrated by a few examples only: 

Tranou-Sphalangakou (1968) 

1. Linear or fusiform 
2. Flame-shaped or circular 
3. Preretinal, drop-like 

Sezen (1970) 

1. Flame-shaped, close to the disc 
2. Light-red, irregular, superficial (explained as overlapping flame-shaped haemorrhages) 
3. Round, deeplying, at the posterior pole 

Wierhake (1971) 

1. Nerve fibre layer, streak or flame-shaped, close to the disc, rarely with a white 
central spot 

2. Oval, light-red, frequently with a central spot. mobile with the movement of the 
oph thalmoscope 

3. Dark-red, between disc and macula, rarely with wandering central point 
4. Macular haemorrhages corresponding to number 3 
5. Haemorrhages comparable to central venous thrombosis 

The most extreme example with seven different types was presented by Drozdowa 
(1951) 

1. Flame-shaped and radial at the border of the disc 
2. Patchy, with indistinct margins 
3. Streaks, radial to the disc and along vessels 
4. Brush-shaped 
5. Circular with distinct margins 
6. Splashes 
7. Preretinal 

Still, it is remarkable how seldom the optic phenomenon of the superficial reflex 
on hemispheric submembranacious haemorrhages has been distinguished from the 
white centre of the flat types' of intraretinal haermorrhages. 
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B. Extraretinal Haemorrhages 

The previous chapter dealt with haemorrhages originating in the superficial vasculated 
retinal layers and with their spread into all layers of the retina. Massive haemorrhages 
can extend to subretinal and preretinal spaces. Unfortunately the logic name "pre
retinal haemorrhage" should be avoided for this type because it has been so widely 
abused for bleeding retained by the internal limiting membrane, i.e. the submembrana
cious haemorrhages. They will be classified as subhyaloid and hyaloid according to 
their penetration through the hyaloid membrane although the penetration from the 
virtual subhyaloid space into the vitreous body seems to be the rule. 

It must be discussed beforehand whether a sub hyaloid space and a proper hyaloid 
membrane exist. According to electron-microscopic details, the vitreous structure is 
condensed into a cortical layer of about 100 p.m (Rohen). Gartner (1962, 1965) uses 
the term "vitreoretinallimiting layer" or "vitreo-retinaler Basalmem bran -F ib rillenkom
plex" to express that under physiologic conditions a unit is formed by vitreo-retinal 
adhesion. The splitting of this unit in the aging eye into a true internal limiting mem
brane of the retina and a hyaloid membrane is well known. That this splitting can 
occur in newborn infants as a fixation artefact is demonstrated by Fig. 20 (p. 23). 

1. Sub retinal Haemorrhages 

Invasion of blood cells into the external nuclear layer has been demonstrated in 
Chap. III, Sect. A.2.b. Penetration of the external limiting membrane, forming true 
subretinal haemorrhages, has not been observed in this series. According to reliable 
literary reports they exist (Naumoff, 1890; von Hippel, 1898; Coburn, 1904; Droz
dowa, 1951; Doege, 1969). These haemorrhages can only be derived from those of the 
inner nuclear layer, the deepest retinal layer containing capillaries. 

The clinical aspect of perinatal sub retinal haemorrhages seems not to have been 
observed; at least, there seem to be no precise descriptions. 

2. Sub hyaloid Haemorrhages 

The invasion of blood cells into the virtual space between the hyaloid membrane and 
the internal limiting membrane of the retina is demonstrated in Fig. 49. A larger 
venule in the periphery is the source for this extravasation (Fig. 50). The blood cells 
have filled in the ganglion cell layer and the nerve fibre layer, the latter being rather 
flat in this peripheral area. From here, the internallimitingmembrane become detached 
and finally burst. The penetrating blood cells split the hyaloid membrane from the 
internal limiting membrane, as can be studied in Fig. 51. The invasion of blood cells 
into the virtual subhyaloid space encounters the resistance of denser adhesions between 
the two membranes. Figure 52 demonstrates how, by such an adhesion, the mass of 
blood cells is subdivided into lenticular compartments. The hyaloid membrane seems 
to be ruptured at these adhesions, thereby allowing the blood cells to invade the 
vitreous body itself. 
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49 

so 

Figs. 49 and SO. Very extensive haemorrhage of retinal periphery. originating from 
larger venule with strong dilatation. Its rupture and fibrin thrombus demonstrated in 
detail in Fig. 50. Above this the submembranacious haemorrhage emerges. An addi
tional pool of blood is visible over the internal limiting membrane and under the 
hyaloid membrane. Paraffin, haematoxilin-eosin. Fig. 49, x 100; Fig. 50, x 600 
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Fig. 51. Subhyaloid development of retinal haemorrhage. Intact vitreous body at upper 
border. Internal limiting membrane still in contact with MUller cells at lower right 
corner (L d. Submembranacious haemorrhage (S) causes detachment of internal limit
ing membrane (L 2 ). At upper left corner, this membrane still in normal contact with 
hyaloid membrane (H). A cleavage of these two membranes is caused by subhyaloid 
haemorrhage progressing from right border. Rupture of internal limiting membrane, 
allowing this progression, not visible in this section. By shrinking of the vitreous body 
during fixation, the sub hyaloid haemorrhage has been lifted from the internal limiting 
membrane. The submembranacious haemorrhage seems to be very loosely packed. 
Paraffin, PAS, x 500 

3. Hyaloid (Vitreous) Haemorrhages 

The further penetration of blood cells into the vitreous substance at a defect of the 
hyaloid membrane is demonstrated in Figure 53. 

A gross section of partly fixed retina (Fig. 54) demonstrates an extensive subhya
loid haemorrhage hovering - the result of an artefact - over a submembranacious 
haemorrhage. On the level of the hyaloid membrane many ruptures have occurred and 
many invasions of blood cells are visible which appear shrub-shaped. Images like this 
gross section of Figures 52 and 53 must be looked upon as fortuitous "snap-shots" of 
a process. Once the internal limiting membrane is ruptured, the blood cells transcend 
the stage of subhyaloid haemorrhage and rapidly penetrate the gaps of the hyaloid 
membrane. Their penetration into the vitreous body rapidly decreases their visibility. 
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Fig. 52. Similar conditions to those in Fig. 51. Detachment of internal limiting mem
brane (L 1) from Milller cells at site of submembranacious haemorrhage (S). Artefac
titious lifting of intemallimiting membrane (L 2 ), causing loose packing of submem
branacious haemorrhage (S). A close adhesion (arrow) of internal limiting membrane 
and hyaloid membrane causes rupture of latter and blood cells invade vitreous body. 
Paraffin, PTAH, x 500 

-

Fig. 53. Radial orientation of blood cells invading vitreous body from defect of hyaloid 
membrane. Epon after previous paraffin embedding, toluidine blue, x 500 
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Fig. 54. Retina and vitreous body, fixation in formaldehyde. Section cuts through sub
membranacious haemorrhage, and above this hovers - as an artefact of fixation - an 
extensive subhyaloid haemorrhage. From surface, multiple tufts demonstrate invasion 
of blood cells into vitreous body, from mUltiple defects of hyaloid membrane 

4. Discussion 

In this clinical series several submembranacious haemorrhages were seen, all having a 
clear brillant reflection on their summit, indicating that the internal limiting mem
brane had not been penetrated .. In only one child, a true vitreous haemorrhage was 
seen, which had caused a diffuse blurring of the entire vitreous body a few hours after 
birth. After the rapid dissolution of this vitreous haemorrhage, a few days later, only 
a few indistinct relics of retinal haemorrhage were visible. The source of the vitreous 
haemorrhage could no longer be deduced. 

There are reports about vitreous haemorrhage from histologic investigations: 
Coburn (1904) saw one case macroscopically and two cases in microscopic sections 
from 37 children. Lachmann (1927) found massive vitreous haemorrhages in the eyes 
of a child enucleated because of suspected glioma. He related the haemorrhage to 
obstetric trauma (forceps delivery). In addition, Eades' (1929) case of a stillborn 
infant with massive unilateral vitreous haemorrhage was seen in connection with 
obstetric trauma. 

From the literature more clinical observations can be compiled. The defmition of 
a vitreous haemorrhage is not always certain. Sometimes submemebranacious haem
orrhages seem to be included (Duesberg and Tiburtius, 1958; Martinez and Grom, 
1969). The following authors report on true vitreous or hyaloid haemorrhages: 
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Pehu and Bonamour (1938): 483 children, two cases of vitreous haemorrhage 
McKeown (1941): 498 children, three vitreous haemorrhages, one of them (after a for

ceps delivery) so massive that fundus details were indistinct 
Nevinny-Stickel (1954): 159 children, six vitreous haemorrhages, two of which were 

still visible after 7 days 
Pannarale (1966): 550 children, one vitreous haemorrhage 
Nehrdich (1968): One heavy child asphyctic, massive vitreous haemorrhages, still 

visible after 8 weeks; one child after vacuum extraction, with vitreous haemorhage, 
still visible after 3 weeks 

Panagiotou et al. (1968): 1220 children, one vitreous haemorrhage 
Martinez and Grom (1969): 122 children, six vitreous haemorrhages (?) 
Richter (1969): 1145 children, one vitreous haemorrhage 
Taleb Bendiab (1972): 100 children, one vitreous haemorrhage 

A special type of vitreous haemorrhage seems to occur in immature infants. 

Naunton and Forrester (1955): Vitreous opacity and congested vessels at the 9th day, 
bilateral vitreous haemorrhage at the 12th day resulting in strabism after 8 months 

Braendstrup (1969): Five of the children with vitreous haemorrhages were immature 
Fontaine (19'11): Three immature children with massive vitreous haemorrhage. 
Wiznia and Price (1976): Three immature infants with respiratory distress syndrome 

and vitreous haemorrhages, presumably caused by a mild form of disseminated 
intravascular coagulation 

We can add an original observation of an immature child presenting bilateral mas
sive vitreous haemorrhage at the age of 6 weeks after oxygen therapy. After the clear
ing up of the vitreous body the retina was normal. These cases have no relation to true 
retinopathy of prematurity and no connection with intracranial haemorrhages. They 
are not yet present at birth and must have a different cause than perinatal haemorrhages. 

c. White Fibrin Thrombi of Vessel Ruptures and Fibrin Emboli 
in Retinal Vessels 

The white thrombi occluding vessel ruptures have already been cited in discussing the 
sources of different types of haemorrhage. The material of these fibrin coagula and the 
possible relation to fibrin emboli will now be discussed. White centres of retinal haem
orrhages of different origin have been described as Roth's spots (Kennedy and Wise, 
1965; Wise et al., 1971). Of these only the ones found in aplastic anaemia have been 
proven to consist of fibrin. 

There have been many speculations about the nature of the white centre of peri
natal retinal haemorrhages. The wandering reflex on submembranacious haemorrhages 
has not always been separated from the immobile white mass in flat haemorrhages. 
Wille (1949) writes about flame-shaped haemorrhages with a central ·'reflex", Koyama 
(1959) about flame-shaped haemorrhages with and without a "vacuole". Richman 
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(1937) tries to explain the centre as serum, Fran<i0is and Tranos (1975) discuss it as an 
aggregation of leucocytes. The aspect of the white centre as such is well documented, 
though not explained with the illustrations of Wille (1946), Tranou-Sphalangakou 
(1968), Baum and Bulpitt (1970) and Wierhake (1971). It seems not to be presented 
on fundus paintings. The illustrations by Richman (l937b) seem to suffer especially 
from the late observation date. 

The original illustrations here prove that the white centre is practically a constant 
feature. Only sources of bleeding in the ganglion cell layer can be hidden under the 
further spread of the haemorrhage in the nerve fibre layer, Submembranacious haem
orrhages may disclose their fibrin thrombus, but only if the thrombus is situated very 
far in their periphery. 

Elelctron-microscopic studies have been conducted to investigate the material of 
the white coagulum (Fig. 55). The important thrombus of the inset (cf. Fig. 20) was 
studied, and the same fibrillar material was found within the lumen of the vessel and 
outside the rupture. This material linked in the typical way blooct" cells with platelets 
within the vessel and invaded the spaces between the Mtiller cells. The electron-micro
scopic appearance corresponds to fibrin fibrillae. With PT AH staining there was a 
positive reaction. Therefore it seems reasonable to interpreie the white coagulum as 
a fibrin thrombus. 

Frequently the thrombus itself is surrounded by a halo containing fewer blood 
cells than the surrounding haemorrhagic area. The Simplest explanation seems to be 
that these gaps had originally been filled with loosely packed fibrin, which then con
tracted, leaving serum in the space (cf. Figs. 10,20,29,37). 

Thus the connection between retinal haemorrhages and fibrin thrombi is explained. 
It remains to be discussed whether intravasal fibrin emboli could also have a relation 
to these haemorrhages. Immature infants suffering from intrauterine and sometimes 
perinatal asphyxia can develop intravasal coagulation, with fibrin emboli visible in his
tologic sections (Bleyl and Biising, 1970). These emboli have not yet been described in 
the retina but seem to have been seen in ciliary veins by de Groot and Friedenwald (1957). 

In the numerous complete serial sections prepared for this work, many intravasal 
fibrin emboli were visible within the retina. Figure 56 demonstrates a small embolus 
filling a small retinal arteriole. Missing incorporated blood cells or aggregations of 
platelets indicate that embolus formation occurred prior to death. A larger intravenous 
embolus is seen in Fig. 57. Here also a haemorrhage of the internal nuclear layer is 
present, with a small fibrin thrombus occluding the capillary rupture. As in all other 
serial sections (cf. Plate XII), no relation between intravasal fibrin emboli and retinal 
haemorrhages was detectable. Although both occur mainly in the perinatal period, 
they occur in different groups of children. Retinal haemorrhages and their fibrin 
thrombi are more frequently found in mature than in immature infants (cf. Chap. VII, 
Sect. C.4). Intravasal fibrin emboli tend to occur with immature infants with a birth 
weight under 1000 g and a hypercoagulability caused by asphyxia leading to a consum
tion of coagulative factors. The resulting intravasal coagulation must be expected with 
moribund infants. These do not appear to have beem examined, so that the ophthal
moscopic appearance of these emboli, if visible at all, is unknown. The funduscopy' of 
healthy mature children for the study of perinatal haemorrhages certainly does not 
reveal intravasal fibrin emboli. 
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Fig. 55. Electron-microscopic details of venular wall close to vessel rupture demon
strated in inset (cf. Fig. 20). Section corresponds to right lower border of venular wall. 
N, nuclei of endothelial cells; E, erythrocytes within tissue (right side) and vessel 
lumen (left side); P, polymorphonuclear leucocyte; T, thrombocytes;F, meshwork of 
fine fibrils interpreted as fibrin, connecting cellular elements to throm bus (arrow) 
composed of same material, reembedded in epon, x 10,000 
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Morphology 

Fig. 56. Fibrin embolus of intravital ori
gin in retinal arteriole . No haemorrhage in 
vicinity. Paraffin, Goldner, x 500 

Fig. 57. Retinal venule, entirely occluded by fibrin embolus of intravital origin. No 
reaction in surrounding tissues. Haemorrhage of internal granular layer originates from 
capillary rupture (a"ow). Cellular elements pushed aside in centre 
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Besides the undoubted existence of retinal haermorrhages caused by rhexis, dia
pedesis has been discussed as a cause (Montalcini, 1897; Jirman, 1947; Grigera, 1964; 
Planten and v.d. Schaaf, 1971). Certainly it would be difficult to prove that diapedesis 
does not occur but, from our material, it was impossible to demonstrate that it does. 
In complete serial sections, all haemorrhages yielded a source of bleeding, even when 
a capillary was involved. Single blood. cells within the tissue were not encountered. The 
fundus photographs, in addition, only demonstrate haemorrhages that are explained 
by vessel ruptures. 

It is still astonishing that such a simple item as a clearly visible white centre at the 
site of a vessel rupture was overlooked by so many investigators and, when it was seen 
by others, the simple explanation of a fibrin thrombus was never proposed. Once more 
ophthalmology offers the possibility of observing by direct in vivo examination 
another generally interesting aspect of vessel pathology. 

D. Summary 

According to their location in different retinal layers, the perinatal haemorrhages can 
be subdivided into several intraretinal and extraretinal groups. A valuable classification 
can only be obtained by a synopsis of in vivo examinations, including fundus photo
graphs, with photography of post mortem retinae and complete serial sections. The 
resulting classification is the following: 

A. Intraretinal Haemorrhages. From the rupture of a capillary or venule in the 
nerve fibre layer or ganglion cell layer, or from a capillary rupture within the internal 
nuclear layer, the extravasations spread within their own layer or penetrate other 
layers, still leaving the internal and the external limiting membranes intact. 

1. Flame-8haped Haemorrhages of the Nerve Fibre Layer. The most frequent type 
of haemorrhages, originating from the ganglion cell layer or from the nerve fibre layer 
itself and always shaped according to the orientation of the fibres. According to the 
size of the vessel ruptured, they are linear, fusiform, flame-shaped or confluent. In 
most cases a white fibrin thrombus occluding the vessel rupture indicates their centre. 
This can be hidden in a haemorrhage from the ganglion cell layer . 

2. Granular Haemorrhages of the Internal Granular Layer. According to the vas
cularization of the internal granular layer with rather uniform capillaries, these haem
morrhages are less frequent and more uniform in their spread. Usually confined to the 
internal granular layer, their borderline has a dendritic or granular appearance, shaped 
by the arrangement of blood cells in small vertical colurrins between the cellular ele
ments. The capillary rupture is occluded by a fibrin thrombus, also ophthalmoscop
ically visible as the white centre of this haemorrhage. Penetration into the external 
granular layer is frequent. An eruption through the very dense barrier of the internal 
plexiform layer seems to be a rare exception. 
. 3. Hemispheric Submembranacious Haemorrhages. This characteristic develop
ment of the haemorrhages can occur close to the macular area or in the periphery, 
where the nerve fibre layer is flat and offers few possibilities for spread. Here the 
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Miiller cells become stretched, and finally their connection with the internal limiting 
membrane will be tom. The extravasation then dislocates the detached internal limit
ing membrane, causing the ophthalmoscopically visible brillant light reflex on the 
summit of the protuberance. Still confined to retinal tissue, this haemorrhage should 
not be called "preretinal", as the term is misleading. If involved, the fovea centralis 
can be reached by this submembranacious. spread. 

B. Extraretinal Haemorrhages. 
1. Subretinal Haemorrhages. Penetration of the external limiting membrane exists 

according to reliable reports. It was not found in this series. 
2. Subhyaloid Haemorrhages. Penetrating the very resistant internal limiting mem

brane, a submembranacious haemorrhage can extend into the virtual space between 
hyaloid membrane and internal limiting membrane. The term "preretinal haemorrhage" 
is avoided because it has been abused for submembranacious haemorrhages. Subhyaloid 
haemorrhages seem to represent just a step towards the development of the next type. 

3. Hyaloid Haemorrhages. After having entered the virtual subhayloid space, 
blood cells will enter the vitreous body itself through numerous defects of the hyaloid 
membrane. These are caused by closer junctions with the internal limiting membrane. 
These true vitreous haemorrhages are rare complications of perinatal haemorrhages. 

The Fibrin Thrombus of Retinal Haemorrhages. In the majority of flat haemor
rhages the centre is indicated by a white spot. This consists of a thrombus of fibrin 
occluding the vessel rupture, with an intravasal and extravasal part. The simple explana
tion of this white centre as fibrin was not found in the literature. 

Zusammenfassung 

Entsprechend ihrer Lage in verschiedenen Netzhautschichten werden die perinatal en 
Blutungen in intraretinale und extraretinale Gruppen eingeteilt. Eine Klassifikation 
von Wert kann nur durch eine synoptische Analyse der Lebendbeobachtungen, Fun
dusfotografien im Vergleich mit Retinafotografien und Serienschnitten verstorbener 
Kinder erzielt werden. Die sich ergebende Klassifizierung ist die folgende: 

A. Intraretinale Blutungen. Aus einer Kapillar- oder Venolen-Ruptur in der Ner
venfaserschicht oder Ganglienzellschicht oder auch einer Kapillar-Ruptur in der inne
ren Kornerschicht kann eine Blutung sich in der eigenen oder angrenzenden Schichten 
ausbreiten, wiihrend noch die Lamina limitans interna und externa intakt sind. 

1. Die flammenformigen Blutungen der Nervenfaserschicht. Der hiiufigste Blu
tungstyp mit Blutungsquelle in der Nervenfaserschicht oder in der Ganglienzellschicht 
ist in der Begrenzung immer durch die Nervenfaserschicht geformt. Je nach der Grol:Je 
des rupturierten Geflilles treten sie als strichformige, spindelformige, flammenformige 
oder aus mehreren Quellen konfluierende Blutungen auf. Meist wird ihr Zentrum mar
kiert von einem weilien Fibrinthrombus, der die GefaBruptur verschliel:Jt. Bei Blutun
gen der Ganglienzellschicht kann dieser Thrombus verborgen sein. 

2. Die granuliiren Blutungen der inneren Kornerschicht. Entsprechend der Versor
gung der inneren Kornerschicht mit ziemlich gleichmiil:Jigen Kapillaren sind auch die 
Blutungen ziemlich einheitlich in ihrer Ausdehnung und weniger hiiufig. Ihre granuliire 
oder dendritische Begrenzung ergibt sich durch das Arrangement der Blutzellen in 
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kleinen senkrechten Saulen zwischen den Zellen der inneren Kornerschicht. Auch hier 
ist die Kapillar-Ruptur durch einen Fibrinthrombus markiert, der als wemes Zentrum 
sichtbar wird. Ein Vordringen in die a~ere Kornerschicht ist hiiufig, eine Eruption 
durch die sehr dichte Barriere der inneren plexiformen Schicht scheint eine seltene 
Ausnahme zu sein. 

3. Die halbkugeligen submembranosen Blutungen. Eine charakteristische Ausdeh
nung der Oberflachenblutungen kann in der Maculagegend oder in der Peripherie auf
treten, wo die geringe Machtigkeit der Nervenfaserschicht kaum MOglichkeiten zur 
Expansion bietet. Hier werden die Milllerschen Zellen tiberdehnt und schliefMich ihre 
F~platten von der Lamina limitans interna abgerissen. Diese wird durch das Extra
vasat abgehoben und vorgewolbt, wobei der ophthabnoskopisch sichtbare brillante 
Oberflachenreflex tiber der Blutung entsteht. Da sie noch auf retinales Gewebe begrenzt 
bleiben, ist die Bezeichnung "praeretinal" irrefiihrend. Wenn die avaskuIare Fovea 
betroffen ist, kann sie nur durch diese Blutungsform invadiert sein. 

B. Extraretinale Blutungen. 
1. Subretinale Blutungen. Penetration der Lamina limitans externa wurde in der 

eigenen Serie nicht beobachtet, kommt jedoch nach verla~lichen LiteraturQIlgaben vor. 
2. Die subhyaloidalen Blutungen. Durch Penetration der sehr widerstandsfahigen 

Lamina limitans interna kann eine submembranose Blutung sich in den virtuellen 
Spaltraum zwischem Membrana hyaloidea und Membrana limitans interna ausdehnen. 
Der Ausdruck "praeretinal" wird hier vermieden, well er fUr submembranose Blutun
gen mi~braucht wurde. Die subhyaloidalen Blutungen scheinen nur einen voruber
gehenden Schritt darzustellen, auf dem Wege zum nachsten Typ: 

3. Die hyaloidalen Blutungen. Nach Eindringen in den virtuellen subhyaloidalen 
Spaltraum dringen die Blutzellen schnell in den Glaskorper vor, und zwar an den 
Defekten der Membrane hyaloidea, die durch das Ausremen dichterer Verbindungen 
mit der Lamina limitans interna entstehen. Diese echten Glaskorperblutungen sind sel
tene Komplikationen perinataler Blutungen. 

Der Fibrinthrombus retinaler Blutungen. In der Mehrzahl der Flachenblutungen 
wird das Zentrum durch einen we~en Fleck markiert. Dieser besteht aus einem Fibrin
thrombus, der die GefaBruptur verschlie~t und einen intravasalen und einen extravasa
len Anteil hat. Die sehr einfache Erklarung des weiBen Blutungszentrums als Fibrin ist 
merkwiirdigerweise in der Literatur nicht beschrieben worden. 
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A. Clinical Reports 

Early investigators (Schleich, 1884; von Sicherer, 1907; Juler, 1926) emphasized that 
if the retina is affected by haemorrhages this occurs mainly at the posterior pole, in the 
area of the disc and macula or along the main vessels. The attached plates, particularly in 
more extensive retinal haemorrhages, clearly demonstrate this preference for the pos· 
terior pole. Even with sufficient pupil dilatation and with the use of an indirect oph
thalmoscope, few haemorrhages were seen in the periphery or the equatorial area. 
Plate II illustrates a fundus unusual in this respect: a few haemorrhages in the centre 
and a single submembranacious haemorrhage far outside the central fundus. This 
proves that peripheral location is not necessarily linked with massive haemorrhages, as 
some authors claimed (Mayer and Maria, 1952; Tsopelas and Chararnis, 1955; Maertens 
and G6tz, 1967). However, one will certainly find the periphery more frequently 
affected with multiple haemorrhages in severe cases. 

like the extravasations in adults with central vein occlusion, the concentration of 
haemorrhages at the posterior pole is explained by the dense vascularization in this 
area. Whether these capillaries are really arranged in separate layers is a matter for dis· 
cussion (Podesta and Ullerich, 1956; Toussaint et al., 1961; Lieb and Bielefeld, 1967; 
Rohen, 1969). It is at least certain that vessels piercing the internal plexiform layer 
almost vertically feed a loose meshwork of capillaries of the internal granular layer. 
From the periphery to the centre the capillaries are more densely arranged, and their 
stratification is higher within the nerve fibre layer and the ganglion cell layer. An addi· 
tional dense network of vessels surrounds the disc (Duke-Elder, 1961). Thus the close 
arrangement of venules and capillaries at the posterior pole easily explains the higher 
incidence of vessel ruptures in this area. 

B. Histology 

Contrary to clinical observation in post mortem retinae, haemorrhages are frequently 
seen far outside the centre, up to the ora serrata. This also applies to the eyes, the 
central fundi of which are presented in Plates X and XI. Both had several haermor
rhages at the equatorial and oral periphery. Figure 58 illustrates a flat haemorrhage of 
the nerve fibre layer with spread in perivascular spaces and in close relation to the ora 
serrata. Not only flat haemorrhages have been found in the periphery but also sub
membranacious haemorrhages. 
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Abb. 58. Peripheral retina after fixation in formaldehyde. Blood cells brownish-white. 
Relation to ora serrata visible. A frequent finding in post mortem specimens 

The few communications based on histologic examinations confirm the frequent 
affection of the peripheral retina, including the ora serrata (Ulrich, 1884; von Hippel, 
1898: mainly in the oral periphery; Coburn, 1904: more peripheral than reported by 
the other - i.e. the clinical - investigators; Jacobs, 1928: no predilection for a certain 
retinal region; Reese et aI., 1952: 10% oral affection in immature infants; Yoshioka, 
1954: oral affection in immature infants). 

There seems to be a definite difference between two groups, i.e. the healthy chil
dren seen under clinical examination on the one hand and the children dying after 
birth - some of them immature - on the other. With immature children, the not yet 
fully differentiated retinal periphery and its vessels might possibly be more inclined 
to haemorrhage. But certainly not only immature infants have peripheral retinal haem
orrhages. Jacobs differentiated between the two groups: 7 out of 8 mature newborns 
had haemorrhages. In Naumoffs interesting series there were 22 immature infants 
without retinal haemorrhages and 12 mature infants with a birth weight between 
2950 und 4550 g with haemorrhages in the central and peripheral retina. 

While the author was aware of the possibility of peripheral retinal haemorrhage, 
he was unable to find more than a few examples of this in clinical observation. This 
is probably due partly to the difficulties of examination and partly to the fact that 
these haemorrhages occur less frequently in healthy children. 
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C. Macular Haemorrhage 

The macular localization of retinal haemorrhages is of special interest because of its 
possible relation to amblyopia. Only in submembranacious haemorrhages can the fovea 
be involved. From the vascularized surrounding area a haemorrhage can invade the 
avascular centre by detaching the internal limiting membrane. 

Histologically however, other affections have also been described: Naumoff 
(1890) saw the penetration of macular haemorrhages into the sub retinal and the pre
retinal space. Von Hippel (1898) published the photograph of a massive sub retinal 
haemorrhage which had penetrated the external limiting membrane in the macular 
area. Besides that, he found a submembranacious haemorrhage in the equatorial region, 
penetrating the internal limiting membrane. The similarity of the periphery to the 
macular area has been discussed. It is due to the thin layer of nerve fibres providing 
little space for the extension of the haemorrhage. Once the internal limiting membrane 
is detached, its further elevation from the Millier cells will develop in a centrifugal 
direction, as Plates I, VII and IX demonstrate. Here the eccentric origin of the haem
orrhage is visible, as is its progression towards the fovea. It seems as if the internal 
limiting membrane is more easily detached in the foveal area than in surrounding areas. 

In this work macular or foveal affection have been carefully noted. Among the 
200 children serving as a control group of "normal cases" 78 were found with retinal 
haemorrhage, among which 8 had foveal affection (bilateral in one case). 

In the case of 12 other children, the surface reflex of the macula was touched by 
a haemorrhage. These relations differ in groups with a higher incidence of haemorrhage. 
Thus, among 26 children after vacuum extraction there were 19 with haemorrhages, 
7 with foveal involvement (bilateral in 2 of them) and 7 with affection of the macular 
area. 

Exact figures on foveal involvement are unfortunately hard to obtain from the 
literature. In most cases the incidence of any retinal haemorrhage whatsoever is the 
only datum given. If central affection is mentioned, it is still impossible to determine 
whether it was really the fovea that was affected. 

In 1900 Paul reported on macular affection: Among 200 children there were 
17 bilateral and 10 unilateral cases with macular involvement mainly at the border. 
Figures on foveal involvement are lacking. Table 1 is an attempt to summarize the 
references. Unusual among these references is the report by 10chmus (1968), who 
found macular haemorrhages in 3/4 of the cases with haemorrhages. Possibly at the 
late examination date (up to the 1st week), smaller haemorrhages had already resorbed 
and only submembranacious haemorrhages of the centre remained. There are no other 
reports about a tendency for macular haemorrhage to develop in immature infants. 
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Table I. Incidence of macular haemorrhages 

Author Year Total Retinal Macular Remarks 
series haem. haem. 

Paul 1900 200 69 27 Macular area 
Sykes 1931 312 74 13 
Croci and Scardaccione 1940 1000 292 90 
Powelett and Townes 1948 250 26 2 
Drozdova 1951 638 127 60 Macular area 
Koyama 1959 409 105 3 Spontaneous delivery 

71 27 9 Forceps delivery 
Yohitda et aL 1961 510 133 14 (14 eyes, 133 cases) 
Pannarale 1966 550 143 48 Macular area 
Birich and Peretitskaja 1968 1120 280 8 (8 eyes) extended 

macular haemorrh. 
F ranceschetti 1968 ? 20%-25% 4% 
Fung et al. 1968 1000 264 43 6 bilateral 
10chmus 1968 451 56 3/4 of Premature infants 

cases only 
Doege 1969 1205 289 147 
von Barsewisch 1972 200 78 8 Spontaneous deliv-

eries 
26 19 7 Vacuum extractions 

Taleb Bendiab 1972 100 29 6 
von Noorden and 

Khodadoust 1973 1000 24S 18 
Ciechanowski et al. 1974 232 S5 26 Close to fovea 

D. Bilaterality 

In this author's series of 200 normal children with 78 retinal haemorrhages there were 
43 bilateral and 35 unilateral cases. In the other group with more haemorrhages after 
vacuum extraction, the prevalence of bilateral involvement is more Significant: 14 bilat
eral cases as compared to 5 unilateral cases. 

From the literature no uniform opinion can be derived. Possibly the cause lies in 
the heterogeneity of the groups, although it seems more likely that each series is too 
small for statistical evaluation. Even if most authors find a higher incidence of bilateral 
involvement, an investigation so thoroughly done as that of Wierhake, with fundus 
photographs of all cases, comes to a result contradicting those of most other authors: 
She found a slight prevalence of unilateral haemorrhages. 

The results compiled from the literature are to be found in Table 2. 
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Table 2. Bilaterality of retinal haemorrhages 

Author Year Bilateral Unilateral 

Sykes 1931 39 35 
Tadashi and Fujimori 1941 5 3 
Vancea 1941 18 11 
Wille 1946 113 139 
Cook and Glascock 1951 16 16 
Drozdova 1951 76 51 
Cavrot 1956 35 49 
Konstantopais 1956 24 22 
Lomikova and Otradovec 1956 58% 41% 
Crehange 1958 20 14 
Duesberg and Tiburtius 1958 54% 46% 
Casanovas et al. 1959 94 80 
Mao 1959 67% 33% 
Mijares 1959 2 22 
Yamanouchi 1959 12 5 
Motohashi and Kobayashi 1960 22 21 
Yohita et al. 1961 66 67 
Brogi et al. 1962 89 58 
Kawakami et al. 1963 44 48 
Moulene 1965 50 16 
Pannarale 1966 107 36 
Neuweiler and Onwudiwe 1967 217 140 
Sachsenweger 1967 61% 39% 
Bachmann et al. 1968 44 59 a 
Takeda 1968 63 78 
Lukaszewicz and Zaporowski 1969 4 26 
Wierhake 1971 57 60 
Barsewisch 1972 43 35 a 

14 5 b 
Pommer 1972 50 46 
Taleb Bendiab 1972 16 13 
Ciechanowski et al. 1974 14 41 

a Occipital presentation. 
b Vacuum extraction. 

E. Summary 

All types of perinatal retinal haemorrhages are more frequently encountered at the 
posterior pole. Haemorrhages in the periphery seem to be either rare in mature infants 
or are frequently overlooked in clinical examinations. In histologic series, which in 
many cases include immature infants. peripheral haemorrhages inclue ing the oral peri
phery are frequently found. 

Concerning the discussion of amblyopia due to retinal haemorrhages, only macular 
involvement can be of importance. Unfortunately literary reports are seldom precise 
about a true foveal location. These central haermorrhages can only belong to the type 
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of submembranacious extravasation, originating from vessel ruptures close to the 
macula and detaching the central intemallimiting membrane. 

Perinatal haemorrhages seem to occur more frequently bilaterally than unilaterally. 

Zusammenfassung 

AIle Typen der perinatalen Netzhautblutungen finden sich haufiger im hinteren Pol 
mit seiner dichteren Vaskularisation. Periphere Blutungen scheinen bei reifen Kindem 
teils libersehen zu werden, teils wirklich selten vorzukommen. In histologischen Serien, 
die teilweise viele Friihgeborene umfassen, sind periphere Blutungen bis zur Oragegend 
haufig. 

Bezliglich der diskutierten Amblyopieentstehung sind von den Retinablutungen 
nur die der Macula von Bedeutung. Ungllicklicherweise sind aber die Literaturangaben 
hOchst ungenau tiber eine wirklich foveale Beteiligung. Diese zentralen Blutungen kon
nen nur in der Form der submembranosen Kugelblutungen auftreten, die von Gefill
rupturen in der Maculaumgebung ausgehen und die Lamina limitans intema zentripetal 
abheben. 

Perinatale Netzhautblutungen scheinen haufiger bilateral als unilateral vorzukom
men. 



v. Clinical Course 

A. Onset 

K6nigstein believed the haemorrhages to begin after birth with the arteriolization of 
blood. Three years later Schleich (1884) assumed that the bleeding occurrred during 
delivery due to deformation of the head. This opinion was confirmed by Naumoffs 
examinations of children who died during birth and has not been doubted since. It is 
also interesting to note that haemorrhages are observed after ceasarian section, but 
mainly after an attempted labour. 

Mayer and Maria (1952) and Grigera (1964) tried to analyse the onset of perinatal 
haemorrhages by injecting the mother with fluorescein, prior to delivery or during the 
first stage of labour (Grigera). They found the infantile haemorrhages not to be fluores
cent, and believed this proved the haemorrhages had occurred during the second stage. 
Since the appearance of fluorescein-positive haemorrhages is not described, the whole 
calculation seems to contain too many unknown facts. 

B. Resorption 

The haemorrhages present after birth dissolve rapidly, with few exceptions, as has been 
confirmed by all investigators since K6nigstein (1881). The finest linear haemorrhages 
can disappear within 24 h. 

In this connection the very thorough study of Giles (1960) is of special interest. 
He examined 100 children 1 h after delivery and found 40 affected with haemorrhages. 
Reexamination of the same children on the next day showed that only 36 still had 
haemorrhages, i.e. in 1/10 of the cases the extravasation was resorbed. On the third 
day only 25% and on the fourth only 20% of the haemorrhages were found. Corres
ponding to the quick dissolution of haemorrhages demonstrated upon reexamination 
is the decrease of visible haemorrhage with advancing examination dates. Table 3 gives 
the references- for this dependence. In this series only some special cases were reexam· 
ined, since the quick resorption of haemorrhages in general is well known (Belrnonte
Gonzales, 1947; Drozdowa, 1951; Pentini, 1951; Petrowa, 1956; Jain and Gupta, 
1965). 

Ishikawa (1959) reports on the mean time of resorption: light haemorrhages, 
3.6 days, medium haemorrhages, 5.2 days and severe haemorrhages, 8.8 days. Koyama 
(1959) reexamined III children and found the haemorrhages entirely dissolved by the 
7th day for 85 children, by the 14th day for 18, by the 30th day for 5, by the 60th day 
for 2 and by the 90th day for 2. Pannarale's figures (1966) are similar: By the 7th and 
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8th day 85% of the haemorrhages had disappeared. Doege (1969) found 50% dissolved 
after 4 days, and after 3 weeks mainly macular haermorrhages were still visible. Pom
mer (1972) reports on 140 eyes with haemorrhages, 60% of which were dissolved 
after 3 days, and none of which visible after 8 days. 

Submembranacious haemorrhages are of possible clinical signiQcance with their 
slow resorption, tissue damage and frequent central position. Duke-Elder (1967) 
thought that granular haemorrhages of the internal granular layer also resorb slowly. 
This does not hold true according to our examinations, at least not for perinatal retinal 
haemorrhages. 

Some original observations concerning resorption are given with the text of the 
plates. It is remarkable that extensive flat haemorrhages can disappear entirely within 
a few days. Even more surprising was the entire resorption of one particular submem
branacious haemorrhage (plate II) within 5 days! This is not the rule. Normally they 
persist for weeks. Tadashi and Fujimori (1941) found relics of such a haemorrhage 
after 45 days; Wille (1946) published 2-3 months as a resorption time; Neuweiler and 
Onwudiwe (1967), up to 3 months; Sezen (1970),6 weeks. Brandstrup (1969) thinks 
that only those haemorrhages covering the macula for weeks can be of'cIinical sig
nificance. 

The onset of resorption in flat haemorrhages is visible as their margins become 
more indistinct. Tranou-Sphalangakou (1968) also reports of resorption from the cen
tres. Belmonte-Gonzales (1947) thinks that the centripetal resorption fmally uncovers 
the source of bleeding. This seems doubtful, since haemorrhages can spread very 
excentrically from the original vessel rupture. 

C. Postnatal Extension 

Even with general agreement about the quick resorption of perinatal retinal haemor
rhages, there is a report by Duke-Elder that flat haemorrhages can spread considerably 
within half an hour. This seems to be cited from the extraordinary case reported by 
Belmonte-Gonzales (1947), who reexamined every 5 min and saw a haemorrhage close 
to the disc spreading within 30 min so far that the posterior half of the fundus was 
occupied. Unfortunately nothing is said about the coagulation time in this child. Fun
dus photographs of extensive haemorrhages prove that many different sources of 
bleeding cause a confluent layer of blood. Therefore, it is difficult to imagine how a 
single source of bleeding close to the disc should cause spreading of a haemorrhage far 
distant along nerve fibres and not detach the internal limiting membrane. 

Another unusual observation is that of Evsyukova (1969), who in her short com
munication reports on the spread of perinatal haemorrhages until up to the 5th day 
and, in cases of asphyxia, even until up to 14-18 days. The only other similar report 
is that by Kozuhowska (1954), who observed children 6 h after birth. In a series of 
310 children, 84 had retinal haemorrhages, several of which became larger with further 
observation and 5 of these latter markedly. Two of these children had a pathologic 
coagulation time. No fundus photographs have been taken of these observations. 
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Certainly the haemorrhages must spread for a while until the fibrin thrombus 
occludes the vessel and, even after that moment, the blood cells still penetrate sur
rounding areas. This is supported greatly by the photographic and planimetric obser
vations by Baum and Bulpitt (1970). They found a limited spread of two out of ten 
haemorrhages at the 1st day, but otherwise confirmed the generally observed quick 
resorption of haemorrhages. This very precise report, like that of Giles, who saw the 
children immediately after birth, makes it very unlikely that a true postnatal expan
sion of the haemorrhages occurs. Other authors, too, who reexamined the children, 
did not observe anything of this order (Falls and Jurow, 1946; Wille, 1946; Cavrot, 
1956; PusIcis and SzabO, 1962). 

D. Summary 

The haemorrhages occur during labour. A postnatal expansion remains doubtful. There 
is general agreement that the flat haemorrhages resorb quickly, whereas submembran
acious haemorrhages can resorb within a few days or be visible after weeks or months. 

Zusammenfassung 

Die Netzhautblutungen entstehen unter der Geburt. Eine postnatale GroBenzunahme 
wird nur in einigen, anzweifelbaren Berichten erwiihnt. Ubereinstimmend ist beobach
tet worden, daB die Blutungen sich schnell verkleinern bzw. resorbiert werden. Nur 
submembranose Kugelblutungen haben eine langere Resorptionszeit, die zwischen 
Tagen und Wochen schwankt. 



VI. Numerical Data 

A. Quantitative Evaluation 

1. Literature 

The fundus of newborn infants can demonstrate a wide range of haemorrhages, from 
a single hardly visible linear extravasation to massive confluent extravas.ations covering 
the major part of the posterior fundus. Several authors tried to quantify these haem
orrhages in order to relate number of haemorrhages to the often-discussed clinical 
significance. 

Franceschetti and Balavoine (1951) and Weiden (1970) subdivided the haemor
rhages into a light and a severe group. Maumeneeetal. (1941) and Pajor et al. (1964) 
subdivided into four groups. Most other authors use expressions like light, medium, 
heavy (Wille, 1946; Maertens and G6tz, 1967). A small table according to this classifi· 
cation can be drawn up from the literature (Table 4). 

Table 4. Incidence of different degrees of retinal haemorrhages 

Author Year Retinal haemorrhages 

Light Medium Severe 

Ko 1924 8.7% 5.4% 10.0% 
Mayer and Maria 1952 10.4% 11.4% 8.8% 
Cavrot 1956 29 9 46 
Ishikawa 1959 54.1% 30.1% 15.~% a 
Panagiotou et al. 1968 230 lOa 53 

a Related to 100% of haemorrhages found. 
b Quantitative classification: up to 5; 5-9; many haemorrhages. 

Other authors classify according to the number of haemorrhages counted, thus 
Takeda (1968): Up to 10 haemorrhages, 10-20, and more than 20 haemorrhages; 
Tranou-Sphalangakou (1968): 1-5 haemorrhages, 5-10, numerous haemorrhages, 
and haemorrhages within the entire posteriour half of the fundus. The subdivision of 
Kobayashi et al. (1964) is similar: 1-5 haemorrhages, 6-10 haemorrhages, more than 
11 haemorrhages. 

The results from different authors, even with attempted numerical classification, 
seem to be incompatible. Certainly individual judgements about severity of haemor· 
rhage make Table 4 rather valueless. 
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2. Numerical Classification Applied Here 

Not to overemphasize the importance of numerical classification, but for a greater 
degree of exactitude in this series, the number of haemorrhages and their location 
were noted. As quantitative subdivisions five groups were formed: 

1. No retinal haemorrhage. In this group venous dilatation and sometimes indistinct 
papillary borders were observed but were not taken into further consideration. 

2. 1-3 haemorrhages. Normally small linear haemorrhages of the nerve fibre layer, 
rarely isolated flame-shaped haemorrhages. 

3. 4-10 haemorrhages. Normally linear and several flat haemorrhages. 

4. 11-20 haemorrhages. Predominantly flat haemorrhages of the nerve fibre and 
granular layers, also submembranacious haemorrhages occurring in this group. 

5. More than 20 haemorrhages. This is the group of the "thrombosis-like" haemor
rhages, with many visible sources of bleeding in confluent development of the 
haemorrhages. 

In some cases more than 50 white fibrin thrombi could be counted, so that a fur
ther subdivision was not attempted. Submembranacious haemorrhages are mainly 
encountered in this group, though not entirely dependent on the number of haem
orrhages. 

On the basis of the 200 observed "normal cases" the distribution between the dif
ferent groups for 400 eyes is shown in Table S. 

Table 5. Number of haemorrhages according 
to numerical groups (400 eyes) 

Group Haemorrhages Eyes 

a 0 279 
b 1- 3 21 
c 4-10 38 
d 11-20 25 
e 21 and more 37 

In general the distribution of haemorrhages was fairly symmetric. When it was 
not, the eyes of a pair fell into groups separated by one step, or rarely by two steps. 
The greatest discrepancy, i.e. massive haemorrhages on one side and no haemorrhages 
on the other, was found in four cases. These findings point to individual anatomic 
variants in the vessel systems draining the central retinal vein and the patency of the 
optic sheaths (cf. Chap. VII, Sect. E). 

It has been mentioned that a classification according to the location is clinically 
possibly more significant, i.e. macular involvement by submembranacious haemor
rhages. 
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3. Summary 

Many different degrees of retinal involvement of perinatal haemorrhages can be distin
guished. Though a classification according to macular involvement might be more 
important for the evaluation of different types of delivery, a quantitative classification 
may be of some value too. The material of this series has been classified into five 
groups ranging from no haemorrhages to more than 20 haemorrhages. 

Zusammenfassung 

Viele Grade von Netzhautbeteiligung kannen bei perinatalen Blutungen unterschieden 
werden. Urn verschiedene Geburtsverlaufe zu bewerten, wtirde eine Klassifikation je 
nach dem Befall der Macula am wichtigsten sein, eine quantitative Einteilung kann 
jedoch ebenfalls von gewissem Wert sein. Das eigene Material wurde auch nach der 
Anzahl der Blutungen klassifiziert und in 5 Gruppen eingeteilt: Keine Blutungen bis 
tiber 20 Blutungen. 

B. Incidence 

In all papers on the clinical importance of perinatal haemorrhages, the incidence of 
retinal haemorrhages found is a standard item. The differences in the groups examined, 
examination dates and techniques, cause considerable discrepancy between the results 
from different authors. In order to avoid conclusions from series that are too small, 
the voluminous literature on aetiologic factors has been studied and a survey will be 
presented in the following chapter. The total incidence will be discussed now, what
ever its importance might be. 

1. Histology 

As regards the incidence in post mortem series, we have to go back to the early authors: 
Naumoff (1890) saw 12 pairs of eyes with haemorrhages (25.5%) in 47 mature infants 
who died at birth or shortly after. He found no retinal haemorrhages in 22 immature 
infants of the same series. Von Hippel (1898): 24 eyes, 10 with haemorrhages. Coburn 
(1904): 37 children, 17 with haemorrhages. 

Presumably the incidences of haemorrhages will not be parallel in the group of 
children dying after birth and the other group of healthy children. But even the histol
ogic series seem to be too different to be compared: Lachmann (1927) found haem
orrhages in only 5 cases out of 73 stillborn infants or infants who had died after birth. 
It is not clear whether these infants were immature and whether serial sections were 
used to look for haemorrhages. The percentage in Jacobs (1928) is much higher, with 
14 children, 12 of whom had retinal haemorrhages. But here it cannot be denied that 
retinal haemorrhages were due to the fatal intracranial haemorrhages, at least in some 
of his cases. 
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2. Clinical Observations 

This involves comparing some very dissimilar statistics! Every clinical series seems to 
culminate in one figure, the overall incidence of retinal haemorrhages. regardless of 
how this was obtained and on what this was based. The largest table in the literature is 
from Takeda (1968), citing 47 authors. From the material compiled for this mono
graph a similar table of many more than 100 authors could be arranged, but this would 
be pointless. For instance, the extreme values of these typical tables are based on 
wrong quotations. On the one hand the minimum attributed to Chase et al. of 2.6% 
haemorrhages (as cited, e.g. by Schenker and Gombos, 1966; Brogi et al., 1962; Wier
hake, 1971) is misleading. Normally one tries to compare the results of first-<iay 
examinations. In this case the figure of Chase et al. would be 8%, since they saw only 
26 children on the first day and found 2 with haemorrhages. Their overall incidence of 
2.6% is lower because of the late examination date. Beyond that, their figures are fur
ther discredited by the fact that they tried to examine 1241 children but could see the 
fundus well enough in only 839. Another minimal figure of 3% is reported by Lupta
kova (1972), but she was unable to judge the macular area in 27% of 503 children. 

On the other hand, the maximum of 50% retinal haemorrhages from Vancea 
(cited by Chase et al., 1950; Yoshioka, 1954; Brogi et al., 1962; Pannarale, 1966; 
Duke-Elder, 1967) is also wrong. Vancea (1941) reports about 11.8% haemorrhages. 
The source for the wrong quotation remains unclear. 

The reason for the remaining discrepancy is seen mainly in the late examination 
date (cf. Table 3). The first examination was done as late as the 3rd day by Murillo 
and Murillo (7.78% haemorrhages), up to the 4th day by Mijares (6.6%) and Critchley 
(13%), up to the 5th day by Vancea (I 1.8%), up to the 6th day by Rowland (2.75%) 
and Veinbaum (3.2%), up to the 7th day by Duhard and Pages (5.3%), and finally up 
to the 8th day with the otherwise important work of Frances Richman (12.2%). With 
this group of authors, a low incidence can be explained by the date of examination. 
With others, the reason is unclear (Bedell, 1924; Powelett and Townes, 1948; Glawa
nakowa et al.. 1968; Martinez and Grom, 1969). With Blanc (1967) and Chosson 
(1967), it remains questionable whether the pupils were dilated. Critchley (1968) and 
Zgorzalewicz et al. (1975) did not dilate them. 

Considerable discrepancies must arise from the incompatible groups examined. 
Thus, e.g. Gajaria et al. (1965) had only 29 primiparae among 200 cases. Giles (1960) 
saw 57 cases of forceps delivery among 100 children, Fritz et al. (1966), mainly children 
after vacuum extraction; Baum and Bulpitt (1970), more than 50% premature infants. 
Anaesthesia was used in more than 50% of the cases in Zisa et al. (1975). 

While it might be more generous to explain the variations in incidence in terms of 
the dates of examination and the differences between the groups examined, the author 
believes the quality of examination to be the most important factor. However, the dif
ficulties must not be overlooked. Comparing the numerical evaluation of this investiga
tion based on indirect opthalmoscopy with fundus photographs, it was obvious that 
some of the fmest linear extravasations (Fig. 59) simply had not been counted. Then, 
too, the post mortem examination of the retina reveals haemorrhages so minute that 
they could well have been overlooked in funduscopic examination. Similarly in all 
steps between the smallest, barely visible extravasations to larger ones that cannot be 
overlooked, the figures published in the literature would only represent minimal figures. 
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Fig. 59. Detail from Plate II. Besides flame-shaped haemorrhage at right border, photo
graph reveals extremely fine linear haemorrhages of nerve fibre layer of a length of 
200 J.lm (arrows). One of these situated at crossing of superior temporal artery and 
vein. Minute haemorrhages like these are easily overlooked and are better traced on 
fundus photographs 

Direct ophthalmoscopy is difficult because of the frequent eye movements of the 
newborn infants. Indirect ophthalmoscopy was recommended by Casanovas et al . 
(1959), Honegger (1969) and Weiden (1970). Certainly, areas beyond the centre have 
not been properly seen in many examinations, as is demonstrated by the remarks 
(Cavrot, 1956; Moulene, 1965) or the fundus drawings (de Freitas and Garcia, 1968; 
Murillo and Murillo, 1968) of some authors. This is not meant to indicate that the 
peripheral haemorrhages were of special significance, but merely to point out how 
little value many papers have for the estimation of the overall incidence of retinal 
haemorrhages. Values under 15% seem to be less reliable. Braendstrup (1969) esti
mates the general incidence of retinal haemorrhages at 50%, after 10 years as a con
sultant at a children's hospital. Wierhake's 39%, based on fundus photographs, seems 
to be very reliable. Taking into account different types of delivery, the author's series 
would also have a total incidence of 40%. In conclusion, the overall incidence of 
retinal haemorrhage, found with careful examination within the first 24 h of a com
paratively "normal" group of infants, would be at least 1 /3. 

Racial differences seem to be neglibigle. Sykes (1931) and Kauffman (1941) 
found black and white babies with the same incidence of haemorrhages. The Japanese 
publications do not indicate that the incidence there is different from Caucasian 
groups. 
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3. Summary 

About 1/3 or more of all newborn infants present perinatal retinal haemorrhages. 
Although the incidence of perinatal haemorrhage is not very important, many authors 
have tried to compile a series of overall figures to compare their material with the 
material of others. Differences in examination dates, in group composition according 
to aetiologic factors and in examination quality, are the bases for the contradiction in 
total figures, which makes the different publications incompatible. 

Zusammenfassung 

Ungefilir 1/3 alIer Neugeborenen hat perinatale Netzhautblutungen. Obwohl die 
Blutungshaufigkeit als solche nicht sehr wichtig ist, haben viele Autoren versucht, ihre 
Ergebnisse mit den Serien anderer Autoren zu vergleichen. Verschiedene Untersu
chungsdaten, Gruppenzusammensetzungen nach atiologischen Faktoren und zweifellos 
auch Unterschiede in der Untersuchungsqualitat verursachen die starken Widersprtiche 
der Gesamtzahlen, so daB die verschiedenen Publikationen nicht vergleichbar sind. 



VII. Aetiology 

Konigstein's first description of this type of haemorrhage also comprised the first 
speculation on its origin. A great number of subsequent authors tried to solve the 
problem from many different points of view. Since there is not one invididual factor 
which explains perinatal retinal haemorrhage, and since many series studied were too 
small for a proper evaluation, the results obtained are in considerable disagreement. To 
evaluate the different factors discussed in connection with perinatal haemorrhage an 
extensive review of the literature is given and comparisons are made with the observa
tions in our series. Thus, from the multitude of factors presumed to cause these haem
orrhages it may be possible to select a few more important ones. 

A. Types of Delivery 

Without any doubt, different types of delivery have a definite influence on incidence 
and intensity of retinal haemorrhage. This was observed by Paul (1900), who found 
a doubled incidence of haemorrhage in complicated delivery. 

1. Spontaneous Delivery from Occipital Presentation 

a) General Data 

The normal course of delivery, which occurs in 95% of all cases (Martius, 1971) is 
spontaneous delivery from occipital presentation. Thus, to analyse the influence of 
other types of labour and other factors, this most frequent type of delivery must be 
considered first. 

Very often, in the literature, only the overall incidence of haemorrhage is noted, 
including factors that elevate it -like vacuum extraction - or decrease it - like caesar
ian section. More useful in comparing the incidence reported by different authors 
would be a table dealing with only spontaneous delivery. References have been com
piled in Table 6. Differences remain in examination time and certainly, as mentioned 
before, in examination quality. 

Examining the children within 1 h after birth, Giles (1960) found haemorrhage in 
34% of the cases after spontaneous delivery. The figure of 40.6% reported by Wierhake 
is based on fundus photographs of 1st and 2nd days. In the author's series, the inci
dence is 39%. Disregarding other factors (e.g. duration of second stage of labour, 
asphyxia), the incidence of haemorrhage after spontaneous delivery from occipital 
presentation seems to be atIeast 1/3. 
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Table 6. Incidence of retinal haemorrhages after spontaneous delivery from occiptal 
presentation 

Author Year Date of Cases Haemorrhages Percent 
examination a 

Sykes 1931 1 61 282 21 
Edgerton 1934 2 118 402 29.6 
Belmonte 1947 2 23 86 26 
Chase et al. 1950 3 13 627 2.1 
Grassi and Musini 1950 1 37 264 14 
Millan and Beltran 1950 2 10 71 14 
Franceschetti and Balavoine 1951 2 564 14.9 
Stefek 1951 2 16 
Kozuhowska 1954 1 75 284 26.4 
Nevinny-Stickel 1954 47 124 38 
Tospelas and Charamis 1955 I 31 135 22.96 
Cavrot 1956 2 50 316 15.8 
Konstantopais 1956 1 43 159 27 
Lomickova and Otradovec 1956 2 131 462 28.3 
Singer et al. 1956 2 18.75 
Lemmingson and Stark 1957 2 74 264 28 
Koyama 1959 105 409 25.7 
Fulst 1960 3 57 265 21.5 
Giles 1960 1 16 47 34 
Motohashi and Kobayashi 1960 1 39 179 21.2 
Puskas and Sazbo 1961 1 60 228 26.3 
Y ohitda et al. 1961 1 lOS 409 25.7 
Kawakami et al. 1963 1 71 380 18.68 
Sanchez-Ibanez et al. 1963 I 109 324 33.6 
Kobayashi et al. 1964 3 23 102 22.6 
Treit et al. 1964 2 45 225 17 
Jain and Gupta 1965 3 36 134 26.9 
Krauer-Meyer 1965 3 106 20.5 
Moulene 1965 2 30 95 31.57 
Pannarale 1966 2 99 378 26 
Maertens and G6tz 1967 I 27 87 31 
Neuweiler and Onwudiwe 1967 1 903 34.8 
Takala and Sopanen 1967 I 61 211 28.9 
Bachmann et al. 1968 3 103 438 23.5 
Buchhalter and Schnecke 1968 I 200 31 
Panagiotou et al. 1968 2 165 745 22 
Takeda 1968 1 80 345 23.1 
T ranou -S phalangakou 1968 3 56 189 29.5 
Hickl et al. 1969 1 19 50 38 
Lukaszewicz and Zaporowski 1969 1 30 94 32 
Richter 1969 ? 918 18 
Vincenti and Gavinelli 1969 1 13 101 12.87 
Baum and Bulpitt 1970 3 24 109 22 
Sezen 1970 3 147 1042 14.2 
Planten and v.d. Schaaf 1971 I 34 154 22 
Wierhake 1971 2 106 261 40.6 
von Barsewisch 1972 I 78 200 39 
Pommer 1972 I 91 668 14 
Zisa et al. 1975 I 87 836 10.4 

a Date of examination: I, seen within 24 h 
2, within the first 2 days 
3, first seen later than the 2nd day. 
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b) Number and Location 

From our material even the number of haemorrhages can be precisely deduced. Out of 
200 cases. 78 had haemorrhaging and, arranged according to the more affected eye, 
the incidence in the different groups is shown in Table 7. 

Table 7. Number of haemorrhages in 200 cases 

Group 

a 
b 
c 
d 
e 

Haemorrhages 

o 
1- 3 
4-10 

11-20 
more than 20 

Cases 

122 
12 
23 
19 
24 

In other words, 12% of the cases had extensive haemorrhages at least-in one eye. 
These were also the cases with macular involvement. Here the fovea was covered in 
8 children (9 eyes) and, in another 12 children (19 eyes), the haemorrhage extended to 
the macular area. 

c) Left or Right Occipital Presentation 

Stumpf and Sicherer (1909) found a marked asymmetric distribution according to left 
or right occipital presentation in 40 cases with haemorrhage. A few other authors 
reported on this correlation (Duesberg and Tiburtius, 1958; Fulst, 1960; Nevinny
Stickel, 1954). More detailed information was given by only nine authors (Table 8). 
The result seems to be a rather random distribution of haemorrhage and no correlation 
of one side or the other with left or right occipital presentation. Nor, in the author's 
material of 311 children (including the series with fibrinolysis inhibitor) and 131 haem
orrhages, is any correlation with either presentation to be seen. Kauffman (1941), too, 
found no preference for one side in his material of 3381 children. 

2. Forceps delivery 

Two groups have to be distinguished: Injuries by forceps delivery and retinal haemor
rhages after normal forceps delivery. "Haemorrhages due to forceps delivery" is a mis
leading expression. It seems far more likely that the conditions that led to a termina
tion of the birth by forceps are the causes for retinal haemorrhage. 

a) Forceps Injuries 

At the beginning of this century, traumatic sequelae of forceps deliveries played a 
major role. Ophthalmic lesions, sometimes with retinal haemorrhages, were mentioned 
by de Wecker (1926). Histologic descriptions of such traumatic retinal haemorrhages 
lend the communications of Wintersteiner (1899), Peters (l907) and Rupprecht 
(1908) a certain degree of interest. 
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b) Retinal Haemorrhages After Forceps Delivery 

Obstetric techniques have changed considerably, so that difficult forceps delivery has 
been replaced by caesarian section, and vacuum extraction competes with "normal" 
forceps delivery. 

For the discussion of different obstetric techniques in the following sections, the 
actual point of view of obstetricians must be taken into consideration. Martius (1965) 
reported on perinatal mortality in 243 obstetric interventions. If intervention for the 
sake of the mother was necessary, the mortality was O. If intervention for the sake 
of the child was necessary, the overall mortality was 3.7% (caesarian section, 4.1%, 
forceps delivery, 3.3% and vacuum extraction, 2.1%). Perinatal asphyxia is more dan
gerous to the foetus than mechanical birth trauma. Obstetric vaginal operations in 
themselves are not hazardous to the foetus if no hypoxic damage has yet occurred. 
The rest of the chapter has to be considered with these points in mind. 

The comparison between spontaneous delivery and forceps delivery has been dis
cussed in the literature since the 1930s. The result is given in Table 9. In this table, 
the incidence is very low only with Murillo and Murillo, possibly becau~e of the late 
examination date. For the others, the absolute fIgures cannot be compared and, as 
mentioned before, an average cannot be calculated. Only comparing the fIgures of 
each author, obtained under the same conditions, can a certain tendency be found. 
A few authors (Mayer and Maria, 1952; Sanchez-Ibanez et al., 1963; Casanovas et al., 
1959) found less haemorrhaging after forceps delivery than after spontaneous delivery 
from occipital presentation. For the rest, the incidence of haemorrhage is higher after 
forceps delivery, sometimes twice as high compared with normal birth. On average the 
incidence is greater by a factor of 1.5. In the author~s series, only four children were 
seen after forceps delivery, two with haemorrhages - a fIgure too small to be SignifIcant. 

Unfortunately, there are few reports on the intensity of retinal haemorrhage after 
forceps delivery. Edgerton found that all 17 children after high forceps delivery had 
bilateral haemorrhage as opposed to those delivered by low forceps, with 50% bilateral 
haemorrhage. Puskas and Szab6 found severe haemorrhages in 3 out of 60 children 
after normal birth and 3 out of 5 after forceps delivery. Practically the same tendency 
is reported by Koyama: 405 spontaneous deliveries with three macular haemorrhages; 
71 forceps deliveries with six macular haemorrhages. 

The reason for the use of forceps is hardly ever given in detail. Millan and BeltIlln 
(1950) report that about half their forceps deliveries were occasioned by intrauterine 
asphyxia. Of the 18 haemorrhages they found, 15 were from this group, i.e. 5/6 of the 
infants with haemorrhage were delivered by forceps because of intrauterine asphyxia. 
This same cause would be involved in most of the other series, as Naumoff (1890) 
wrote: "Operations are usually performed in cases where conditions are present that 
promote the occurrence of alterations on foetal eyes". 

3. Vacuum Extraction 

Evelbauer reported a first series of 50 cases in 1956. In 1963 he was able to report on 
580 cases from 8 years' experience. During this time use of forceps was reduced to 
0.1 %, whereas the vacuum extractor was used in 9.6% of 6031 births. The incidence 
of caesarian section remained practically unaltered at 10.5%. 
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The indications for vacuum extraction were classified in four different groups: 

A) Maternal (e.g. organic disease, fever, etc.) 
B) Foetal (e.g. asphyxia, prolapse of the umbilical cord, etc.) 
C) Special and prophylactic (e.g. protracted course of labour, preceding caesarian 

section, twins, special presentations, etc.) 
D) Specific vacuum (cases too late for caesarian section and too early for forceps 

delivery). 

Of his cases where vacuum extraction was used, 28.5% were due to protacted 
course of labour and 26.1% to intrauterine asphyxia. This again hints at the impor
tance of predisposing factors causing haemorrhages in cases where vacuum extraction 
is resorted to. 

The statistics relative to Evelbauer's series were published by Fulst (1960), based 
on a rather late examination date. The incidence of haemorrhage was very low in that 
series. The first series published by Voegeli (1958) also repQrts an incidence that is 
incomprehensible, far below all other authors'. More data from the literature are com
piled in Table 10. 

Absolute figures are not obtainable even from this extensive table. As with forceps 
delivery, it is possible to estimate only the relation between rates of heamorrhage in 
spontaneous delivery and vacuum extraction. The incidence of haemorrhage increases 
with vacuum extraction by a factor of 1.5 to 2 if one compares the figures of each 
author. 

Ehlers et al. (1974) made a random selection to compare retinal haemorrhages 
after forceps (38%) with those after vacuum extraction (64%). With 13 infants vacuum 
extraction had been carried out after an ·attempt with forceps. Of these, 9 had haem
orrhages. The duration of traction was found to be influential by Schenker and Gom
bos(1966) and Schlaeder et al. (1971), the intensity of traction by Krauer (1965), 
the number of times traction was applied, by Zgorzalewicz (1975). Bruniquel and 
Dollard (1968) recommend measuring the force of traction in order to avoid values 
exceeding 7 kg. 

Not only the incidence but also the intensity of retinal haemorrhages were found 
increased after vacuum extraction (Krauer-Meier, 1965a; Hick! et al., 1969; Norden
toft and Dalsg~d, 1969; Weiden, 1970; Schlaeder et al., 1971; Zgorzalewicz, 1975). 

Our series includes 26 vacuum extractions (not part of the series of fibrinolysis 
inhibitors). Among these, there were 19 cases with haemorrhages, 10 of which had 
massive bilateral extravasations (Le. more than 20). Macular involvement was present 
in nine eyes of these seven children, and submembranacious haemorrhages were 
present in seven eyes of six children. Our material was too small to be classified 
according to the indication for vacuum extraction. POSSibly the incidence was so high 
because vacuum extraction was mainly performed due to foetal indication. A second 
stage of labour lasting more than 30 min was present in half the cases with vacuum 
extraction, whereas in the normal series it was only present in 1/10. The mean time 
of birth in the series of Bachmann et al. (1968) was 12.6 h, i.e. about twice as long as 
in spontaneous deliveries. Stefanini et al. (1968) compare the cases of vacuum extrac
tion with hypoxia (20 infants, 14 with haemorrhages = 70%) to those without hypoxia 
(26 infants, 8 with haemorrhages = 31%). 
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Although indications differ in different hospitals, in most cases vacuum extraction 
should not be looked upon as causing retinal haemorrhages (Krebs and Jaeger, 1966). 
The connection is rather to be found in the factors that indicated vacuum-extraction 
(Schlaeder et al., 1971). 

4. Caesarian Section 

After some single cases had been published, Stocker (1927) reported on 22 cases of 
infants seen within the first day after caesarian section. None of these had retinal 
haemorrhages. The correlation has been confirmed by a large group of observers, and 
the references have been gathered in Table 11. Again, no average can be calculated 
from the series, many of which are very small. On the whole, the incidence of retinal 
haemorrhage is about 5%. Differences are due mainly to different obstetric techniques. 
Thus, for example. all five children in the series of Moulene had haemorrhages after 
caesarian section, but the section was performed only after an attempted spontaneous 
delivery. There are more reports about the operation having been executed only in 
cases of intrauterine asphyxia or after attempted spontaneous delivery (Belmonte
Gonzales, 1947; Jirman, 1947; Millan and Beltran, 1950; Lomickova and Otradovec, 
1956; Pannarale, 1966; Neuweiler and Onwudiwe, 1967). Other authors state that if 
retinal haemorrhages occurred they were not severe (Edgerton, 1934; Franceschetti 
and Balavoine, 1951; Puskas and Szabo, 1961). 

Our series comprises eight children seen after caesarian section. Three of them had 
retinal haemorrhages: 

1. One single linear haemorrhage (indication for operation: previous caesarian sec
tion) 

2. One single, small, flame-shaped haemorrhage in the periphery (indication: con
tracted pelvis) 

3. Heavy bilateral haemorrhages (foetal indication: asphyxia) 

Of course this group is too small for a statistical evaluation. The observations are 
in accordance with the literature, indicating that haemorrhages are either not severe or 
that they occur when damage to the foetus is imminent or already present. 

s. Breech Presentation 

With delivery from breech presentation, the head is compressed after the other parts of 
the body are no longer exposed to pressure. This situation causes different haemo
dynamic conditions and, therefore, it is of interest that the incidence of retinal haem
orrhage is low. Naturally, this relatively rare type of delivery is sparsely represented 
in the literature (Table 12). 

A higher incidence of haemorrhages was found only by McKeown and Jain and 
Gupta, based on small series. Comparing the figures from series larger than 20 cases 
(Kauffman, 1941; Stefek, 1951; Koyama, 1959; Buchhalter and Schnecke, 1968;Pom
mer, 1972; Ciechanowska et al., 1974), it is correct to estimate the incidence of retinal 
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haemorrhage after breech delivery at about 1/3 that of normal births with occipital 
presentation. Besides that, haemorrhages tend to be less extensive (Mayer and Maria, 
1952; Koyama, 1959). In the author's series, only five children were seen after breech 
presentation, and one of them had less than 10 unilateral haemorrhages. Here, addi
tional obstetric complications were present (manoeuvre ofVeit-Smellie). 

6. Other Types 

For the sake of completeness, rather than because of their specific importance, further 
obstetric problems are mentioned in this chapter. A few authors report on podalic 
version (Kauffman, 1941; Belmonte-Gonzales, 1947; Kozuhowska,1954). Extractions 
are mentioned by Sykes (1931), Tsopelas and Charamis (1955), Lemmingson and 
Stark (1957),Puskas and SzabO (1961). Expression by the manoeuvre of KristeIler was 
related to a slightly higher incidence of retinal haemorrhages by Stefek (1951) and 
Richter (1969), and a pronounced elevation in the incidence was found by Singer et al. 
(1956), Takeda (1968) and Neme (1972). Twins are mentioned several times, but no 
general conclusion can be drawn (Belmonte-Gonzales, 1947; Millan and Beltran, 1950; 
Musini, 1950; Drozdowa, 1951; Dolcet-Buxeres and Ferrer-Pi, 1954; Casanovas et al., 
1959; Yamanouchi, 1959; Pannarale, 1966; Santamarina, 1969; Baum and Bulpitt, 
1970). 

Umbilical complications are mentioned by several authors, but the definitions 
seem to be different. McKeown (1941) reports 498 normal cases (42.1% haemorrhages) 
and 24 cases with cord around the neck (91.6% haemorrhages). The comparable 
figures drawn from the work of Takeda (1968) are: 338 normal cases (28.4% haem
orrhages) and 132 cases with cord around the neck (23.5% haemorrhages). This sug
gests that defmitions differ. Unexpectedly, a lower incidence of haemorrhage after 
delivery with cord around the neck was found by Stumpf and von Sicherer (1909), 
de Freitas and Garcia (1968) and Wierhake (1971). Practically no difference was found 
by Stefek (1951) and Koyama (1959). A higher incidence was published by Rico 
(1939), Puskas and SzabO (1962), Kawakami et al. (1963), Jain and Gupta (1965), 
Moulene (1965), Sopanen (1966) and Santamarina (I 969). 

The prolapse of the umbilical cord seems to be more clearly defined and of greater 
importance; it certainly can cause asphyxia. The two cases reported by McKeown 
(1941) and another one with a true umbilical knot, the case of Konstantopais (1956), 
the case of Cordero and Najul (1958), and two of the three cases ofPannarale (1966) 
had retinal haemorrhages. 

Pommer (1972) found a reduced incidence of retinal haemorrhage after episio
tomia, especially in primiparous mothers (13% vs. 26%), Loriaux and Toussaint (1971) 
found no connection. Jain and Gupta (1965) report a higher incidence (60% compared 
to 27% in spontaneous deliveries). 
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7. Duration of Labour 

a) Total Duration 

Naumoff (1890) had already related a longer duration oflabour to a higher incidence 
of retinal haemorrhage. The mean value was published by some authors. The data are 
collected in Table 13. 

Table 13. Mean time of labour and incidence of retinal haemorrhages 

Author Year Duration of labour First stage Second stage 

Schleich 1890 Haem. f/J: 12 h 
Haem. +: slightly more 

than 12 h 

Stumpf and 1909 Haem. f/J: 15 h 18 min 14 h 12 min 66 min 
von Sicherer Haem. +. 16 h 15 min 15 h 18 min 47 min 

Falls and Jurow 1946 Haem. 0: 9h 
Haem. +: 9.8 h 

Mayer and Maria 1952 Haem. f/J: 9 h 20 min 
Haem. 1+: 10 h 
Haem. 2+: 10 h 50 min 
Haem. 3+: 12 h 30 min 

Lemmingson 1957 Haem. f/J: 11.9 h 
and Stark Haem. +: 8.6 h 

Baum and 1970 Haem. 0: 8.5 h 22 min 
Bulpitt Haem. +: 9.9 h 13.6 min 

Hoo 1973 Haem. f/J: 5 h 4 min 
Haem. +: 7 h 30 min a 
Haem. 0: 10 h 45 min b 
Haem. +. "12 h 30 min 

a Spontaneous delivery. 
b Vacuum extraction. 

More severe haemorrhages after long duration of labour have been observed by 
Mayer and Maria (1952). A higher incidence can be derived from the following authors: 
Mezey (1952, duration over 10 h), Krebs and Jaeger (1966, duration over 24 h), Sopa
nen (1966) and Behnonte (1970). Moulene (1965) divided into two groups, one under 
4 h and one over 4 h and found about twice as many haemorrhages in the second 
group. No correlation was found by Eades (1929), Richman (1937a), Tadashi and 
Fujimori (1941) and Weiden (1970). In several sources the total duration of labour is 
broken down into more detail. These data are compared in Table 14. 
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No significant tendency can be deduced from this table. With longer duration of 
labour, the incidence of retinal haemorrhage was found to be higher by McKeown 
(1941), Singer et al. (1956), Pannarale (1966) and Santamarina (1969). The opposite 
is seen in the ftgUre of Kawakami et al. (1963). In all series, extreme values comprise 
a few cases only, so that valid conclusions cannot be drawn. 

Furthennore, the duration of labour has decreased nowadays, which can be seen 
by comparing earlier auhtors with recent ones. In the I. Frauenklinik der Universitat 
Munchen the mean value for a delivery was 18 h in 1900 and has now been reduced to 
6.7 h (Martius, 1971). The time in which half the births are completed has been 
reduced from 14 h to 6.2 h. 

The report of Doring and Krauss (1967) on 7860 births at the I. Frauenklinik der 
Universitat Miinchen between 1955 and 1962 shows a mortality for newborns of 
0.33%. With a duration over 30 h, the mortality increased to 3.2%. With a second stage 
oflabour of up to 14 min, mortality was 0.1%; between 15 and 29 min, 0.3%; between 
30 and 49 min, 0.8%; with duration over 50 min, 1%. 

With longer duration of the first stage of labour, mortality rises (Hickl, 1972). 
Very clearly, the incidence of asphyxia depends on the duration of the first and 
second stages of labour. 

In our series of 200 spontaneous deliveries, there were 12 cases with a total dura
tion of labour longer than 10h and a single case with a duration of24h. The incidence 
of haemonhages in these cases was not elevated, possibly because in these cases the 
second stage of labour did not exceed 30 min, except one case of 60 min. It is there
fore desirable to consider the material not according to total duration of labour, but 
according to duration of first and second stages, respectively. 

b) First Stage 

The first stage of labour seems to have little influence on the incidence of retinal 
haemorrhage. It appears that several authors did not publish their figures because they 
did not find a correlation. Vincenti and Gavinelli (1969) report that all infants with 
haemorrhages were born after a first stage of labour of more than 8 h. But this does 
not indicate anything because all these infants were born after a second stage of labour 
of more than 1 h, which is more Significant. The figures from the literature are given in 
Table 15. 

c) Second Stage 

Kauffman (1941) reports, without further details, that the incidence of haemorrhage 
increases with very short and very long second stages of labour. More data from the 
literature can be found in Table 16. 

Considering discrepancies in the data, it is difficult to come to any conclusion. 
The author's observation of 71% haemorrhage where the second stage of labour ex
ceeds 30 min points to a positive correlation. It seems clear that foetal compensation 
is sufficient in even a prolonged first stage of labour but not in a prolonged second 
stage. As a result a higher rate of hypoxia develops (Hickl and von Barsewisch, 1969). 
Giles (1960) and Panagiotou et al. (1968) stressed that very short second stages are 
correlated with a higher incidence of haemorrhage. 
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As to the severity of haemorrhage in our material, no correlation could be found 
because the more severe haemorrhages were equally distributed in different groups 

The perineal stage of labour is considered to be important by Jain and Gupta 
(1965): Head on the perineum for less than 15 min led to 29.2% haemorrhage; a peri
neal stage of labour of more than 15 min, to 75% haemorrhage. 

d) Rupture of Foetal Membranes 

Early rupture of foetal membranes has been considered the cause of a higher incidence 
of retinal haemorrhage (Kauffman, 1941; Jirman, 1947; Koyama, 1959; Neuweiler and 
Onwudiwe, 1967; Pommer, 1972, especially with primiparae; Puskas and Szabo, 1962, 
with a low value only). Lukaszewicz and Zaporowski (1969) found more severe retinal 
haemorrhage after early rupture of the membrane. No connection was seen by Stumpf 
and von Sicherer (1909), Cavrot et al. (1955), Motohashi and Kobayashi (1960) and 
Kawakami et al. (1963). 

8. Drugs Administered During Labour 

Vitamins and other drugs given to prevent or reduce the amount of haemorrhage will 
be discussed in Section D of this chapter. In the present section, pituitary preparations 
and anaesthetics administered during labour will be considered. 

a) Pituitary Preparations 

These have been related to a higher incidence of retinal haemorrhage. Again, it has to 
be considered that they would be administered in the case of a slowly progressing 
birth, so that foetal hypoxia may be involved. No correlation was found by Santa
marina (1969). Other authors report a positive correlation, sometimes with series too 
small for a proper evaluation: 

Motohashi and Kobayashi (1960): Control group = 16.7% haemorrhages 
With Spatym, 15 haemorrhages out of 35 cases = 41.2% 
With Atonin 0, 5 haemorrhages out of 27 cases = 18.5% 

Kawakami et al. (1963): General series = 19.5% 
With pituitary preparations = 32.35% 

Sanchez-Ibanez et al. (1963): Normal group = 32.5% 
With pituitary preparations = 48.7% 

Takeda (1968): Normal cases, 90 haemorrhages out of 379 cases = 23.7% 
With oxytocin, 51 haemorrhages out of 142 cases"; 39.5% 

Loriaux and Toussaint (1971): Without oxytocin, 11/103 = 11% 
With oxytocin, 6/32 = 19% 

Author's series of 1972: Without pituitary preparations, 39/119 = 33% 
With pituitary preparations, 38/80 = 48% 

A correlation seems to exist, though, as mentioned before, it is probably due more 
to foetal hypoxia leading to the administration of pituitary preparations than to the 
drugs administered. 



94 Aetiology 

b) Anaesthetics 

Casanovas et al. (1959) and Takeda (1968) compared the cases of infants born with 
and without anaesthesia. Owing to the influence of anaesthetics on the coagulability 
of infantile blood (Sanford, 1926), a higher incidence of retinal haemorrhage might 
have ensued, but both authors could fmd no evidence of this. Zisa et al. (1975) found 
a higher rate of retinal'haemorrhage after anaesthesia, possibly due to prologation of 
delivery. Without anaesthesia: primiparae 8/103 = 8%, multiparae 18/122 = 8%; with 
anaesthesia: primiparae 29/181 = 16%, multiparae 31/270 = 12%. 

9. Summary 

After spontaneous delivery from occipital presentation, about 1/3 of the newborn 
infants have retinal haemorrhages. A correlation of one side with left or right occipital 
presentation cannot be established. 

Obstetric procedures reducing a prolonged second stage of labour, such as forceps 
delivery and vacuum extraction, are connected with a higher incidence of retinal 
haemorrhage by a factor of 1.5-2. It must be assumed that it is not so much the pro
cedure itself but the condition necessitating its use that is responsible for the higher 
incidence of haemorrhage. 

Breech presentation is connected with very few haemorrhages, and these seem to 
occur mainly if other obstetric complications are present at the same time. Caesarian 
section is also connected with fewer haemorrhages and, if these occur, it seems to be 
after attempted labour or after the onset of asphyxia. 

Long duration of labour seems to increase the frequency of haemorrhage, espe
cially a prolonged second stage. Pituitary preparations are associated with a higher 
frequency of haemorrhage but are administered only to reduce the length of a labour 
which would otherwise be prolonged. 

Zusammenfassung 

Nach Spontanentbindung aus Hinterhauptslage haben etwa 1/3 der Neugeborenen 
Netzhautblutungen. Eine Korrelation der Seitenbetonung zur rechten oder linken 
Hinterhauptslage fmdet sich nicht. Geburtshilfliche Eingriffe, die eine verlangerte 
Austreibungsperiode abktirzen, wie Zangenentbindung oder Vakuumextraktion sind 
mit einer urn den Faktor 1,5 bis 2 erh6hten Blutungsrate korreliert. Es ist anzuneh
men, daB weniger der Eingriff als solcher, als die Indikation fUr den Eingriff zur hOhe
ren Blutungsfrequenz ftibrt. Bei Beckenendlagen treten wenige Blutungen auf, vorwie
gend wohl, wenn andere geburtshilfliche Komplikationen mitspielen. Nach Kaiser
schnitt werden Blutungen fast nur nach versuchter Spontangeburt oder eingetretener 
Asphyxie gefunden. Lange Geburtsdauer, speziell eine verliingerte Austreibungsperiode 
sind mit erh6hter Blutungsfrequenz korreliert. Hypophysenpraparate ebenfalls,jedoch 
wahrscheinlich tiber die verlangerte Geburtsdauer. 
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B. Maternal Factors 

1. Parity 

Stumpf and Sicherer (1909) found almost twice as many infants with retinal haemor
rhage born to primiparous mothers. There are a considerable number of references 
(Table 17). 

From this table, an inverse relation has been stated by Tsopelas and Charamis 
(1955), who tried to justify the result with a higher age for multiparous mothers, and 
by Falls and Jurow (1946) and Martinez and Grom (1969). No difference was found 
by Grassi and Musini (1950), Terado (1953), Yamanouchi (1959), Sanchez-Ibanez 
et al. (1963) and Wierhake (1971). Without publishing flgures, other authors found no 
relation: Bachmann et al. (1968), Fung (1968), Bawn and Bulpitt (1970). But most of 
the authors report a defmite prevalence of haemorrhage in primiparous mothers. With
out flgtlres this is stated by Drozdowa (1951), Buchhalter and Schnecke (1967) and 
Cavrot (1956), who thought that especially those children of older pr~iparae were 
affected. Comparing the fIgures of the different authors in Table 17 the relation of 
perinatal haemorrhage of primiparae to that of multiparae is 3:2 or 5:4 (as in the 
largest series, Kauffman, 1941). 

Mayer and Maria (1952) found more severe haemorrhages in a group with lower 
mean parity. In our series, this could not be confirmed, since the intense haemorrhages 
(groups 4 and 5) represent about 1/2 of the haemorrhages: primiparae: 76 cases, 
36 haemorrhages, of which 16 were light (groups 2 and 3) and 20 severe (groups 4 and 
5). Multiparae: 124 cases, 42 haemorrhages, among which 20 were light and 22 severe. 

The higher incidence of retinal haemorrhage in children from primiparous mothers 
was attributed mainly to the rigidity of the birth canal. Unfortunately only a few data 
have been published about the duration of the second stage of labour. According to 
our observations, a correlation between a prolonged second stage of labour and primi
parity has to be suspected. Among our 200 observations, there were 110 multiparae 
with a second stage of labour of less than 15 min (cf. Table 14). The incidence of 
retinal haemorrhage was 34%. A second stage of labour of more than 30 min was 
observed in only 1 multipara (in this case without haemorrhage). But there were 
17 primiparae with a second stage of labour exceeding 30 min and, in this group, there 
were 71% haemorrhages. The figures published by Takala and Sopanen (1967) docu
ment the same tendency. 

So it seems likely that the influence of parity is mainly due to a prolonged second 
stage of labour in primiparae. The publication of more exact flgtlres on this would be 
desirable. 

2. Age of Mother 

Here the results are very controversial. References are collected in Table 18. 
As in the most of the other tables, the extreme values are very small, so that per

centages cannot be compared. There seems to be hardly any correlation. Searching for 
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Table 17. Parity and incidence of retinal haemorrhages 

Author Year Primiparae Multiparae 

Stumpf and von Sicherer 1909 25/100 = 25% 12/ 100 = 12% 
Ko 1925 36% 29% 
Eades 1929 16/ 69 = 23% 8/ 69 = 12% 
Sykes 1931 36/107 = 33% 38/ 205 = 18% 
Edgerton 1934 138/315 = 44% 52/ 196 = 27% 
Kauffman 1941 119/578 = 21% 278/1735 = 16% 
McKeown 1941 126/244 = 52% 64/ 254 = 25% 
Nakajima 1943 6/ 17 = 35% 3/ 18 = 17% 
Falls and Jurow 1946 23% 52% 
Belmonte~onzales 1947 22/ 62 = 36% 12/ 62=19% 
Jirman 1947 74% 40% 
Grassi and Musini 1950 20/142 = 14% 22/ 158 = 14% 
Millan and Beltran 1950 18/ 83 = 22% 12/ 72 = 17% 
Stefek 1951 22% 13% 
Terado 1953 7/ 16 = 44% 8/ 19 = 42% 
Nevinny-Stickel 1954 39/ 64 = 47% 17/ 60 = 28% 
Tsopelas and Charamis 1955 78/18=21% 20/ 75 = 27% 
Lomlckovli and Otradovec 1956 90/266 = 43% 47/ 234 = 20% 
Lemmingson and Stark 1957 42/123 = 34% 32/ 144 = 22% 
Crehange 1958 20/ 46 = 44% 17/ 69 = 25% 
Ishikawa 1959 16/ 55 = 30% 4/ 20 = 20% 
Yamanouchi 1959 6/29=21% 11/ 49 = 22% 
Giles 1960 9/ 10 = 90% 7/ 37 = 29% 
Motohashi and Kobayashi 1960 24/ 96 = 25% 19/ 104 = 18% 
Puskas and Szabo 1961 235/547 = 43% 134/ 397 = 24% 
Brogi et al. 1962 69/383 = 15% 78/ 395 = 20% 
Sanchez-Ibanez et al. 1963 35/103 = 34% 74/ 221 = 33% 
Treit et al. 1964 38/194 = 20% 25/ 152= 15% 
Gajaria et al. 1965 10/ 29 = 34% 33/ 171=19% 
Jain and Gupta 1965 22/ 60 = 37% 25/ 110 = 23% 
Konstantopais 1965 82/ 15 = 18% 98/ 31 = 32% 
Krebs and Jager 1966 18% 13% 
Pannarale 1966 70/210 = 33% 73/ 335 = 22% 
Schenker and Gombos 1966 25% under 17% 
Maertens and G6tz 1967 7/ 14 = 50% 20/ 73 = 27% 
Neuweiler and Onwudiwe 1967 39% 29% 
Panagiotou et al. 1967 173/555 = 31% 211/ 665 = 32% 
de Freitas and Garcia 1968 6/ 20 = ~O% 21/ 79 = 27% 
Tranou-Sphalangakou 1968 29/ 64 = 45% 26/ 125 = 21% 
Lukaszewicz and Zaporowski 1969 31% 26% 
Martinez and Grom 1969 16/ 80 = 13% 6/ 42 = 14% 
Richter 1969 24% 14% 
Sezen 1970 81/406 = 20% 94/ 832=11% 
Loriaux and Toussaint 1971 6/ 32 = 19% 9/ 105 = 9% 
S ch1aeder et al. 1971 9/ 46 = 20% 20/ 152 = 13% 
Wierhake 1·971 38% 37% 
v. Barsewisch 1972 36/ 76 = 47% 42/ 125 = 34% 
Neme et al. 1972 16/ 43 = 37% 26/ 146 = 18% 
Pommer 1972 52/259 = 20% 39/ 409 = 10% 
Taleb Bendiab 1972 14/ 26 = 54% 15/ 74 = 20% 
Hoo 1973 6/ 17 = 35% 12/ 83 = 14% 
Ciechanowska 1974 42% 15% 
Ehlers et al. 1974 110/259 = 42% 47/ 141 = 33% 
Krause et al. 1974 72/283 = 25% 29/ 217 = 13% 
Zisa 1975 87/836=10% SO/ 492=10% 
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an influential factor correlated with the age of the mother, we might find it to be the 
second stage of labour. In our series there were 26 primiparae under 20 years with a 
mean time for second stage of labour of 24 min, ranging from 5 to 62 min. A direct 
coordination of cases with haemorrhages and long second stages was not possible. The 
6 multiparae under 20 years had a mean duration of second stage of labour of 6 min 
(2-15 min) and here no haemorrhages were observed. 

The severity of haemorrhages was not found to be correlated with age. 

3. Other Maternal Factors 

Contracted pelvis is an item frequently discussed in the old literature (Schleich, 1884; 
Naumoff, 1890; Mbntalcini, 1897; Paul, 1900). Sometimes it is discussed in connec
tion with forceps delivery (Powelett and Townes, 1948). It is obvious that prolonged 
delivery and obstetric procedures can influence the incidence of retinal haemorrhage. 
With the performing of caesarian section, contracted pelvis has become less important. 

Lequeux (1911) discussed syphilis as a factor: 50% of infailts from syphilitic 
mothers had haemorrhages, compared with only 10% in the control group. A positive 
correlation was found by ~tefek (1951), Mayer and Maria (1952), Dolcet-Buxeres and 
Ferrer-Pi (1954) and Mao (1959). No correlation was found by Eades (1929), Kauff
man (1941), Grassi and Musini (1950), Koyama (1959), Puskas and Szabo (1961), 
Pannarale (1966). Walsh (1969) believes that syphilis is not a causal factor but that it 
could indirectly influence the matter by causing the birth of more immature infants. 

Other factors discussed are: high blood pressure (Casanovas et al., 1959); eclampsia 
(Drozdowa, 1951); toxicosis (Lemmingson and Stark, 1957; Ishikawa, 1959; Kawa
kami et al., 1963). Rhesus factor incompatibility has been discussed by Jamy (1947), 
Grassi and Musini (1950) and Tranou-Sphalangakou (1968). Arranging their figures in 
a more usual way and eliminating errors in their calculations, the author cannot con
firm the positive correlation with rhesus incompatibility that they suspected. 

4. Summary 

Parity is of definite influence on the frequency of retinal haemorrhages. This influence 
is most likely due to a prolonged second stage of labour in primiparous mothers. The 
influence of the age of the mother remains very uncertain. A low incidence of retinal 
haemorrhage in young multiparae seems, possibly, to be due to a short second stage 
oflabour. 

Zusammenfassung 

Die Pariuit beeinflu~t die Blutungsfrequenz deutlich. Dieser Einflu~ ist wahrscheinlich 
auf die verlangerte Austreibungsperiode bei Primiparae zuriickzuftihren. Unsicher ist 
der Einflu~ des Alters der Mutter. M6glicherweise findet sich bei jungen Multiparae 
eine geringe Blutungsfrequenz wegen einer kurzen Austreibungsperiode. 
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C. Infantile Factors 

1. Sex Distribution 

The first authors to publish detailed material about perinatal retinal haemorrhage from 
the obstetric point of view, Stumpf and von Sicherer (1909), found an incidence of 
haemorrhage in boys of 23.6% and in girls of 18.1 %. This correlation was considered 
to be the result of the larger cranial circumference in boys. But the result has not been 
confirmed by later authors (Table 19). This table is of particular interest, not because 
a true correlation with number of boys or girls affected can be established but as an 
example of how unreliable the figures are, based on case samplings that were too small. 
The random distribution must be treated with particular suspicion. Tables trying to 
evaluate more complicated subgroups should be looked upon still more critically. 

Table 19. Sex distribution and incidence of retinal haemorrhages 

Author Year Boys Girls 

Stumpf and v. Sicherer 1909 24% 18% 
McKeown 1941 112/234 = 48% 98/264 = 37% 
Millan and Beltran 1950 21/ 80= 26% 9/ 65 = 14% 
Cavrot 1956 49/225 = 22% 35/196 = 18% 
Lomlckova and Otradovec 1956 63/244 = 26% 74/156 = 29% 
Koyama 1959 62/258 = 24% 71/252 = 28% 
Mao 1959 12% 20% 
Yamanouchi 1959 11/ 40 = 28% 6/ 38 = 16% 
Motohashi and Kobayashi 1960 25/111 = 23% 18/ 89 = 20% 
Kobayashi 1964 13/ 64 = 20% 11/ 94 = 23% 
Konstantopais 1965 26/ 95 = 27% 20/ 87 = 23% 
Pannarale 1966 26% 26% 
Neuweiler and Onwudiwe 1967 33% 34% 
Sachsenweger 1967 23% 25% 
Panagiotou et al. 1968 97/380 = 26% 68/365 = 19% 
v. Barsewisch 1972 42/109 = 39% 35/ 88 = 40% 
Zgorza1ewicz et al. 1975 7/ 47 = 15% 8/ 53 = 15% a 

28/ 73 = 38% 14/ 37 = 38% b 

a Spontaneous delivery. 
b Vacuum extraction. 

2. Weight and Size of the Newborn 

The mean birth weight was found to be slightly elevated in cases with perinatal retinal 
haemorrhage by Schleich (1884), Falls and Jurow (1946) and Millan and Beltran 
(1950). The differences, though, are very small. Most other authors dealing with this 
item classified the children according to their birth weight and the result is given in 
Table 20. 
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Our observation is that the incidence of haemorrhage is fairly equally distributed 
between the weight groups of 2500--4000 g. There were no immature infants in our 
series; the four with a birth weight between 2300 and 2500 g were mature. The result 
deducible from Table 20 is that the average number of haemorrhages is also presented 
in the larger weight groups, between 3000 and 4000 g. Beyond these weight groups, 
again the extremes of the table comprise very small numbers and the percentage of 
haemorrhages becomes very unreliable. Some authors try to stress a tendency by classi
fying the material into two groups only. The classification according to the usual five 
or six weight groups might also have indicated no significant tendency. Without pub
lishing figures, the following authors did not fmd birth weight to be influential: Sopa
nen (1966), Sachsenweger (1967), Buchhalter and Schnecke (1968), Fung et al. (1968), 
Takeda (1968), Weiden (1970). 

Millan and Beltran (1950) found a slight difference in length of the body between 
the group with haemorrhages (average 50.43 cm) and the one without haemorrhages 
(average 49.6 cm). Weiden (1970) found no relation, and nor did we (Table 21). 

Table 21. Size of infant and incidence of retinal haemorrhages 

Body length (em) 45 

Cases 1 
Haemorrhages o 

3. Cranial Circumference 

46 47 
1 5 

o o 

48 49 50 

12 25 36 

51 

28 
52 

35 

5 7 17 12 13 

53 

23 

9 

54 

16 

4 

55 56 

7 5 

4 0 

Stumpf and von Sicherer (1909) thought that retinal haemorrhages could be influ
enced by the size of the foetal head. Their main figures are: 

Suboccipito-bregmatic circumference: 
normal 31.7 cm, with haemorrhages 32.2 em 
Fronto-occipital circumference: 
normal 33.2-33.8 cm, with haemorrhages 34.31 cm 

Further details and the percentage of haemorrhages found: 

Medium width of fontanels and sutures: 16.1% 
Hard cranium: 27.4% 
Soft cranium: 14.4% 
Defects in the ossification: 9% 

Since that publication, the details concerning the foetal cranium have never been 
published with the same accuracy. Some figures were published by Tranou-Sphalanga
kou. She also found a slightly higher incidence of haemorrhage with larger crania. The 
author's material is compared with these results in Table 22. Again the numbers at 
the extremes are much too small for any conclusion to be drawn. Baum and Bulpitt 
(1970) found no positive correlation. 
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Table 22. Cranial circumference and incidence of retinal haemorrhages 

Author, year Cranial circumference (cm) 

31 32 I 33 34 35 36 37 38 

Tranou-Sphalan-
gakou, 1968 0/7 16/59 = 27.5% 22/73 = 30% 4/10 

v. Barsewisch, 0/1 2/8 I 13/30 22/61 23/51 14/30 1/9 2/4 
1972 = 43% = 36% =45% = 47% 

A case of hydrocephalus with retinal haemorrhage was reported by Seefelder 
(1907). Belmonte-Gonzales (1947) tried to measure the pressure of the fontanels with 
a modified Schiotz tonometer. There were no clear results, and no relationship to 
intracranial haemorrhages could be found. He found the diameter of the fotanels to be 
influential. 

4. Period of Gestation; Immaturity 

The frequency of retinal haemorrhage in immature infants has been discussed many 
times in the literature. Because of the possible relationship to intracranial haemorrhage, 
causing the high mortality in these infants, it was hoped to find the two types of 
haemorrhage correlated. The comparatively well-visible retinal haemorrhages would 
have been a welcome indicator for intracranial bleeding of the foetus. 

A considerable number of papers deal with the histologic findings of retinal haem
orrhages in immature infants. Naumoff (1890) found no haemorrhages in 22 cases; 
Jacobs (1928),2 cases with haemorrhages among four immature infants. More inves
tigation was done after 1950, when retinal haemorrhage was seen in connection with 
retrolental fibroplasia. This disorder fully develops weeks after birth, so that no data 
on perinatal haemorrhage can be found in some of the series (Dixon and Paul, 1951; 
Laupus and Busquet, 1951; Busquet and Laupus, 1953). To st~dy the process in the 
very early stages Reese et al. (1962) examined 282 (?) eyes of immature infants who 
weighed more than 300 g and found 72 (25%) retinal haemorrhages. Ten percent of 
the haemorrhages were located at the ora serrata. Ward (1954) found 39% haemor
rhages among 41 infants who had died within the first week; Yoshioka (1954) found 
haemorrhages in 10 of 14 eyes; Calmettes et al. (1966) reported 1 case of haemorrhage 
among 5 infants who had lived less than 1 day. All these histologic investigations, 
dealing mainly with the question of retrolental fibroplasia, did not reveal any new 
details concerning the histology of perinatal haemorrhage. 

The clinical investigations with early fundus examination are not very helpful, 
either, for discussing perinatal haemorrhage. There are considerable difficulties in mak
ing the fundus of the premature newborn visible. Tyner (1952) reports about unclear 
media in some cases and about an opaque mm on the cornea (Jochmus, 1968; Honeg
ger, 1969). The tunica vasculosa lentis, still present in immature infants prior to the 
32nd week, makes fundus photographs impossible (Baum, 1971). The results concern
ing the fundus examinations of immature infants are collated in Table 23. 
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Table 23. Retinal haemorrhages in immature infants, clinical series 

Author Year Immature Mature Examination date; 
infants infants remarks 

Paul 1900 ?/ 17=40% 20% Mainly 1 st to 3rd day. 
3 under 200 g without 
haemorrhages 

Stumpf and 
von Sicherer 1909 11/ 34=32% 32/ 166=19% 1 st day 

Kauffman 1941 3/ 23=13% 397/2331= 17% 1 st to 3rd day 
Tyner 1952 10/200= 5% Examination date? 
Dorelio and Poli 1953 0/ 45 Examination date 10th 

to 30th day 
Ferreira 1955 0/ 39 Only 5 on 1 st day, others 

up to 15th day 
Kastner 1957 19/129=15% 2nd to 3rd week, haem. 

without retrolental 
fibropl:1sia 

Casanovas et al. 1959 11/ 83=13% Within 1st week 
Yamanouchi 1959 1/ 5 16/ 73=22% Examination date? 
Motohashi 

and Kobayashi 1960 2/ 11 34/ 162=21% 1 st day 
Puskas and Szabo 1961 15/ 40=38% 39% 1 st day 
Brogi et al. 1962 2/ 28= 7% 236/1560=15% 1 st and 2nd day 
Hosaka 1963 8/ 60=22% 19% 36 on 1st day 
Makayama 1963 11/ 42=26% Up to 4th day 
Fontaine 1971 15-20% No details 
Szirmak 1971 16/150=11% 17/ 150=11% Immature on 2nd day, 

mature on 1 st day 

In most of the cases the examination date is too late for observing perinatal haem
orrhage. But even papers with earlier examinations and those comparing mature and 
immature infants do not offer uniform observations. A higher incidence of retinal 
haemorrhage in immature children was observed mainly by early authors, e.g. Sykes 
(1931) found bilateral haemorrhaging in the five children with a birth weight under 
2500 g in his series. The more recent publications all report a lower incidence of peri
natal retinal haemorrhage in immature infants. The overall incidence might be 15%-
20%, as compared to 30%-40% in mature infants. Therefore, the figures of Joppich 
and Schulte (1968), of 50%-60%, or Douglas (1969), of 90% must be based on mis
understood quotations from early authors. 

It is conceivable that two different factors influence the incidence of haemorrhage 
in immature infants: The smaller cranial circumference might reduce the trauma of 
delivery. On the other hand, the immaturity of retinal vessels might lead to greater 
vulnerability. Heath (1950) found retinal haemorrhages more frequently in immature 
children born relatively close to the end of the gestation period. Nakayama (1963) 
found no correlation with the different weight groups of immature infants. The period 
of gestation is mentioned by a few authors; the results are given in Table 24. 

All figures, collected here, including our material, are too small for any tendency 
to be deduced from them. 
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s. Asphyxia 

Several authors have discussed the role of asphyxia, although its defmition in the 
material is not uniform. In some cases intrauterine asphyxia is meant. The results are 
collated in Table 25. 

Table 25. Asphyxia and incidence of retinal haemorrhages 

Author Year Infants with Infants without Total series 
asphyxia asphyxia 

Stumpf and v. Sicherer 1909 6/18 = 33% 36/182 = 20% 
McKeown 1941 12/48 = 25% 198/450 = 44% 
Millan and Beltran 1950 14/34 = 41% 16/121 = 13% 
Dolcet and Ferrer 1954 5/12=42% 27/212= 13% 
Tsdpelas and Charamis 1955 5/ 9 = 56% 32/135 = 23% 
Lomickova and Otradovec 1956 54/92 = 59% 130/308 = 42% 
Lemmingson and Stark 1957 5/10 = 50% 74/264 = 28% 
Koyama 1959 12/39=31% 121/471 = 26% 
Motohashi and Kobayashi 1960 43/ 9 = 33% 40/191 = 21% 
Puskas and Szabo 1961 7/12=51% 369/944 = 39% 
Kawakami et a1. 1963 6/25 = 24% 92/771 = 20% 
Kobayashi 1964 3/10=30% 21/103 = 20% 
Treit et a1. 1964 3/ 9 = 33% 42/255 = 17% 
Jain and Gupta 1965 3/21 = 14% 47/170= 28% 
Pannarale 1966 38% 143/550 = 26% 
Panagiotou et a1. 1968 42/65 = 64% 165/745 = 22% 
Stafanini et a1. 1968 14/20 = 70% a 8/26=31% 
Richter 1969 18/82 = 22% 165/967 = 17% 
Santamarina 1969 10/20 = 50% 51/250 = 20% 
Wierhake 1971 8/15=53% 100/263 = 38% 

a Vacuum extraction. 

Most of the authors confmn a higher incidence of perinatal retinal haemorrhage in 
asphyctic infants. A lower rate was found only by Eades (1927), Baum and Bulpitt 
(I 970, mainly immature children) and Ehlers et al. (1974). The author's result is given 
according to the Apgar score, together with the few other comparable data from the 
literature (Table 26). Here a tendency seems to be clear: Children with a lower Apgar 
score tend to have a higher incidence of retinal haemorrhage. In our series the scores 
were mainly Apgar 8 and 9, and in this group there were 41% haemorrhages, the aver
age value of the whole series. Of 22 children with an Apgar score of 7 and less, 11 were 
found to have haemorrhages. 

The positive correlation of asphyxia with a higher incidence of retinal haemor
rhage is of importance. Asphyxia occurs in prolonged labour and requires obstetric 
intervention. These latter are connected with a higher incidence of haemorrhage. 
Hypoxia can cause vessel dilatation and thus furnish one pathogenetic factor of retinal 
haemorrhage. Krause et al. (1974) went so far as to evaluate the effect of continuous 
electronic monitoring of the birth by observing the frequency of hypoxia-influenced 
retinal haemorrhage. 
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Table 26. Apgar score and incidence of retinal haemorrhages 

Author Year <6 16 7 8 I 9 I 10 

Neuweiler 
and Onwudiwe 1967 40% 35% 

Takeda 1968 13/36=36% 128/516=25% 
--

Santamarina 1969 21/49=43% 1 29/210=14% 

Schlaeder et al. 1971 4/ 8=50% 25/189=13% 

v. Barsewisch 1972 11/22=50% 64/157=41% 1 3/20=15% 

Ta1eb Bendiab 1972 5/5=100%1 7/15=47% 17/ 80=21% 

Bergen and 
I 20/61=33% Margolis 1976 6/12=50% 9/25=33% 

6. Other Infantile Factors 

Intraocular pressure has also been taken into consideration. Do1cet-Buxeres and Ferrer
Pi (1954) reported values of 48-56 mm Hg in newborn infants. This is very much in 
contradiction to the general opinion. Casanovas et a1. (1959) report an intraocular 
pressure between 15 and 16 mm Hg. Differences in intraocular pressure between 
groups with or without retinal haemorrhage were not found. 

7. Summary 

Among the data collected on newborn infants, sex distribution and cranial circum
ference seem to be of no influence. Tables concerning this material must be regarded 
as typical examples of how umeliable evaluations are concerning extreme values in 
each series, which contain but a few figures. 

Immaturity seems to be correlated to a lower incidence of perinatal retinal haem
orrhage; the incidence in more recent observations is about 20%. 

Asphyxia, especially if evaluated with the Apgar score, is correlated to a certain 
extent with a higher incidence of retinal haemorrhage. This is of fundamental interest 
because vessel dilatation, caused by asphyxia, represents one factor in the pathogenesis 
of vessel ruptures. 

Zusammenfassung 

Von den kindlichen Faktoren scheint die Geschlechtsverteilung und der Schadelum
fang auf die Blutungsfrequenz keinen EinfluB zu haben. Das Geburtsgewicht hat hOch
stens einen geringen EinfluB. Tabellen, die dieses Material aufschlieBen, sind typische 
Beispiele flir die Unzuverlassigkeit der verglichenen Serien, an deren Extrempunkten 
jeweils zu wenig FaIle untersucht wurden. 
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Friihgeburt scheint mit einer geringeren Blutungsfrequenz korreliert zu sein, in 
neueren Arbeiten liegt die Zahl bei 20%. Asphyxie, speziell nach dem Apgar-Wert beur
teilt, ist zu einem gewissen Grad mit haherer Blutungsneigung gekoppelt. Dies ist von 
prinzipiellem Interesse, weil die durch Asphyxie hervorgerufene GefaMilatation einen 
Faktor in der Pathogenese von Gefa~rupturen darstellt. 

D. Haemorrhagic Disease of the Newborn: Attempted Treatment 

Hugo Ehrenfest discussed haemorrhagic diathesis as an underlying factor in retinal 
haemorrhage of the newborn in his inportant book Birth Injuries of the Child (1922). 
Since then, several authors have studied the haematologic aspect and some have 
attempted medical treatment of retinal haemorrhage. 

1. Haemonbagic Diathesis 

True haemorrhagic diathesis of the newborn has an incidence of 1/2500, according to 
a 10 years' observation by Sanford et al. (1942). Kauffman found two cases among 
3381 children. Of these one had retinal haemorrhages; the other, after a breech presen
tation, had none. This rare disease certainly plays no important part in the discussion 
of perinatal retinal haemorrhages. 

Planten and v.d. Schaaf (1971) tried, without success, to correlate frequency of 
retinal haemorrhaging with the results of occult blood-tests. Icterus gravis is correlated 
with haemorrhages according to Kauffman (1941), whereas Pannarale (1966) found 
no correlation. Reduced viscosity of the blood is discussed as a causative factor by 
Candian (1949) and Baum and Bulpitt (1970), whereas Sachsenweger (1967) thinks it 
is not influential. 

2. Prothrombin Time and Vitamin K 

There are many significant differences between haematologic values of the adult and 
the newborn infant. Lucas et al. (1921) found a longer coagulation time and a reduced 
amount of prothrombin, but no prolongation of bleeding time in infants. Sanford et al. 
(1942) studied the level of prothrombin within the first days of life with Quick's 
method. The Quick test yielded 80% directly after birth, dropped to 20% at the 
3rd day, and then rose to a value of 70% at the 7th-10th day. Similar results were 
found by Pray et al. (1941). Falls and Jurow (1946) demonstrated that administration 
of vitamin K to mothers prior to or during labour reduced this drop. Results of 
studies correlating prothrombin time with perinatal retinal haemorrhage are controver
sial (Grassi and Musini, 1950; Brogi et al., 1962; Paufique et al., 1965; Sezen, 1970). 

Assuming that retinal haemorrhage is an important indicator of intracranial haem
orrhage, some authors administered vitamin K as a prophylactic treatment. Maumenee 
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et al. (1941) called the retina a more reliable indicator of haemorrhagic tendency than 
the cerebrospinal fluid or occult blood. Treating mothers with vitamin K during 
labour, they found a reduction in incidence of retinal haemorrhage from 25% to 15%. 
In 50 cases treated 4 days prior to birth only 4% haemorrhaging occurred. Since their 
fundus examinations were carried out up to the 5th day, we must regard their figures 
critically. But the authors were very. positive: "The administration of vitamin K to 
mothers prior to the onset of labour almost entirely eliminates retinal haemorrhage in 
their infants." A positive effect was also seen by Pray et al. (1941), but with exam ami
nation dates as late as the 10th day. Other positive opinions were published by Wille 
(1946) and Terado (1953). 

Falls and Jurow raised the level of prothrombin within the first days by adminis
tration of vitamin K. They did not, however, fmd a reduced incidence of retinal haem
orrhage. Their explanation is that these haemorrhages occur during birth and not dur
ing the time when the level of prothrombin is reduced. No effect was found by Bel
monte-Gonzales (1947), Yohitda et al. (1961), and after administration of vitamins B, 
C, and K by Mao (1959). 

Kauffman (1958) had the broadest experience when he reported on 10,925 chil
dren. From 1941 to 1947 vitamin K had been applied as prophylaxis. Kauffman did 
not find a reduction in the number of retinal haemorrhages. The treatment was 
stopped when phlebitis was more frequently observed in the mothers. Sanford et al. 
(1942) had already doubted that raising the postnatal prothrombin level is a desirable 
effect. Some authors (powelett and Townes, 1948; Grassi and Musini, 1950; Ponto
rieri and de Concillis, 1959) having administered vitamin K after birth (1), admit that 
no influence on retinal haemorrhages could have been expected. 

The clotting time in the newborn has been studied by a few authors (Jacobs, 
1924). Kozuhowska(1954) reports on three children with pathologic clotting times and 
extensive retinal haemorrhages, two of which increased postnatally! Tranou-Sphalan
gakou (1968) found 28% haemorrhages with a Quick test over 40% and a thrombofax 
test under 100 s (normal values) and 50% haemorrhages with a Quick test under 40% 
and a thrombofax test over 100 s (pathologic values). Kiinzer (1964) surveyed the 
physiology of coagulation in the newborn. Besides the activity of prothrombin, the 
amounts of fibrinogen and factors V, VII, VIII, IX and X are all reduced, and only 
gradulally gain the values typical for the adult. He denied that these differing labora
tory results indicate pathologic coagulation conditions. "The physiology of the coagu
lation of the newborn appears to me an admonishing example for a longstanding mis
interpretation of experimental results." He calls vitamin-K prophylaxis a fatal error, 
since it caused haemolysis and nuclear icterus in immature infants. That it caused 
phlebitis in mothers was mentioned before. 

3. Capillary Resistance and Vitamin Prophylaxis 

The capillary resistance in the newborn was found elevated in mature infants and 
reduced in immature ones by Minkowski (1949). Comparative examinations by Digon
net et al. (1952) with the capillary manometer of Lavollay produced less clear results. 
A relation to retinal haemorrhage has been postulated by some authors (Kozuhowska, 
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1954; Papousek, 1954, examining the material of Lomlckov8 and Otradovec, 1956; 
Tranou-Sphalangakou,1968). 

Assuming that capillary resistance - important for intracranial haemorrhage, 
especially in immature infants - could be influenced and possibly tested by fundus 
examinations, some authors adminstered drugs containing vitamins, with the following 
results : 

Minkowski (1949): "Anti-fragilite vasculaire" = ascorbic acid, P-substances and vita
min E: 90 children without retinal haemorrhage (examination date?) 

Mayer and Maria (1952): 50 mg vitamin K, 50 mg vitamin E, 10 mg vitamin P, 4 weeks 
prior to delivery: reduction of retinal haemorrhage from 36% to 22% 

Cavrot et al. (1955): Vitamin C, vitamin E, rutin, hesperidin and vitamin K, 8 weeks 
prior to delivery: reduction of haemorrhage from 34% to 7% 

Cavrot (1956): With the same substances: untreated 29.5%, treated 10.7% haemor
rhage 

Koyama (1959): Testing the preparation Hesna (Takeda Ltd./Osaka, Japan), a drug 
specifically produced and marketed for prophylaxis of perinat~ retinal haemorh
rhage and consisting of: methylhesperidin 30 mg, rutin 20 mg, ascorbic acid 
50 mg, adrenochromomonosemicarbazon 1 mg, vitamin Kl 0.5 mg, administered 
three times per day 10 days prior to delivery: reduction of retinal haemorrhage 
from 26% to 12%. 

It should not be overlooked that mothers receiving vitamin or other prophylactic 
treatment prior to delivery constitute a selected group and may thereby entail fewer 
obstetric complications. 

Hungarian authors found seasonal differences in the frequency of haemorrhage 
(Kerpel-Fronius, 1946; Puskas and Szabo, 1961). Duri~ winter and spring they found 
more haemorrhages and related this to a relative deficiency in vitamins. Reviewing our 
material according to seasons, the author found a random distribution. 

Veinbaum (1967) believed that he could shorten the resorption time of retinal 
haemorrhages using vitamin K, a combination therapy of potassium and autoinocula
tions of blood. He simply compared his results with those in the literature (!) and had 
no control group. 

4. Fibrinolysis and Fibrinolysis Inhibitors 

According to Bleyl and Biising (1970) intrauterine asphyxia causes hypercoagulability 
and a consumption of coagulation factors. This is not in accordance with the opinion 
of Ludwig (1968), who found intravasal fibrinolysis or fibrninogenolysis in the umbil
ical blood of newborns in asphyctic shock. Experimentally, he could prevent cerebral 
diapedesis haemorrhaging in rabbits by injection of a fibrinolysis inhibitor (epsilon
aminocaproic acid, a kallikrein-trypsin inactivator). It was then hoped the sequelae of 
perinatal shock could be prevented by an antenatal medical prophylaxis. To test the 
haemorrhage-preventing effect in the newborn, the fundus was examined. The results 
have been published (Hickl et aI., 1970; Hickl, 1970; von Barsewisch and Hickl, 1971), 
but unfortunately cannot serve as an orientation: Without fibrinolysis inhibitor 46 out 
of 105 children had haemorrhages (44%); with fibrinolysis inhibitor, 48 out of 102 
(47%). There were more severe haemorrhages with the fibrinolysis inhibitor: 36/81 eyes 
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(44%), as compared to the untreated series, which had 16/71 eyes (23%). The small 
group of vacuum extractions showed a different tendency: without fibrinolysis-inhibi
tor, 7/11 children (64%); with treatment, 14/32 children (44%). As in many other 
series, the figures seem too small for a proper evaluation. A Significant influence of the 
fibrinolysis inhibitor could, at least, not be detected in these haemorrhages, caused by 
vessel ruptures, due to specific circulatory conditions during birth. This need not indi
cate, however, that postnatal intracranial haemorrhage by diapedesis, especially in 
immature infants, cannot be influenced by this prophylactic treatment. 

Evsyukova and Reinish correlated spontaneous activity of fibrinolysis, influenced 
by time of ligation of the umbilical cord, with incidence of retinal haemorrhage. In 
14 newborns, the cord was ligated immediately after birth: Fibrinolysis was positive 
in 2 infants (14%), and no haemorrhage was seen; in another 14 children, the ligation 
was performed after 120 s, causing spontaneous fibrinolysis activity in 11 cases (80%) 
and retinal haemorrhage in 7 (50%). 

5. Summary 

There seems to be a very limited influence of coagulation factors on the incidence of 
perinatal retinal haemorrhage. A prophylactic treatment of the mother with vitamin K 
before the birth or during labour may reduce the physiologic decrease in the prothrom
bin level in the newborn. This effect seems to be undesirable and even caused phlebitis 
in some mothers. 

Positive results have been reported by administering vitamin preparations to 
elevate the capillary resistance in the newborn. 

In one of our series, the influence of a fibrinolysis inhibitor on the incidence of 
retinal haemorrhage was tested. There seems to be no influence on the retinal haem
orrhage, but this is no reliable indicator of the possible influence on intracranial dia
pedesis haemorrhaging. 

Zusammenfassung 

Ein sehr begrenzter EinfluB der Koagulationsfaktoren auf perinatale Netzhautblutun
gen kann vorliegen. Eine prophylaktische Vitamin-K-Behandlung der Mutter vor oder 
wmrend der Entbindung kann den physiologischen Abfall des Prothrombinspiegels 
beim Neugeborenen verringern. Dieser Effekt erscheint liberfllissig und hat auBerdem 
bei den MUttern Phlebitis hervorgerufen. 

Uber positive Ergebnisse wurde berichtet bei Vitamin-Praparaten, die die Kapillar
resistenz heraufsetzen. In einer eigenen Serie wurde der EinfluB eines Fibrinolyse-Hem
mers auf die Haufigkeit der Netzhautblutungen untersucht. Dieser scheint keinen Ein
fluB auf die Haufigkeit der Netzhautblutungen zu haben, diese sind andererseits jedoch 
kein zuverlassiger Indikator fUr die m6gliche Beeinflussung intracranieller Diapedese
blutungen. 
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E. Comparable Retinal Haemorrhages of Other Origin 

Perinatal retinal haemorrhages have quite unjustifiably been studied by most authors 
as an isolated phenomenon. There are other related types of retinal haemorrhage 
which are worthwhile studying for a better understanding of the perinatal type. In 
addition the study of these is also useful for interpreting funduscopic and histologic 
detail of perinatal haemorrhages. For their pathogenesis, it is of interest that similar 
extravasations occur in disorders due to elevated pressure of the central retinal vein, 
i.e. venous occlusion, intracranial haemorrhage and trauma. The resulting haemor
rhages are very similar to perinatal haemorrhages, although these latter are outstanding 
in that their time of onset is well defmed. 

1. Retinal Venous Occlusion 

With early and, especially, with incomplete cases of retinal venous occlusion, the fresh 
state of retinal haemorrhage can be studied. Figure 60 demonstrates how similar the 
types of haemorrhages are. Haemorrhages of the nerve fibre layer, with typical flame
shaped appearance and central white thrombus, are visible. Typical granular haemor
rhages of the internal granular layer are demonstrated in Figure 61. Naturally, with 
the long course of the circulatory disorder, these haemorrhages become less distinct 
and develop an amorphus appearance. In the newborn, the factors causing haemor
rhage are different from these and act for a very short time only, and immediately 
after birth resorption begins. 

Fig. 60. 32-year-old patient with incomplete retinal vein occlusion. Dispersed haemor
rhages of internal granular layer and typical flame-shaped haemorrhages of nerve fibre 
layer, with white centre, some of them passing over disc border 

Fig. 61. 27-year-old patient with fresh central retinal vein occlusion. Multiple haemor
rhages have typical granular structure and dendritic borders and can be clearly defined 
as belonging to granular layer 
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2. Intracranial Haemorrhage and Elevation of Cerebrospinal Fluid Pressure 

Of all types of retinal haemorrhages, those caused by subarachnoid haemorrhage are 
most similar to the perinatal type. They occur in different retinal layers and can 
extend to the subretinal and preretinal spaces [cf. Doggarts (1950): subhyaloid haem
orrhage, with blood cells collecting at the inferior margin]. 

According to the author's clinical examinations, all types of haemorrhages seen in 
the newborn can be found in cases of subarachnoid haemorrhage: Linear and flame
shaped haemorrhages of the nerve fibre layer, granular haemorrhages of the internal 
granular layer and submembranacious haemorrhages. Clinical descriptions in the litera
ture very often lack the knowledge of histologic detail and thus are less reliable. Many 
authors have properly described the haemorrhages confmed to the nerve fibre layer. 
Aust et al. (1967) and Schmidt and Trojan (1970) also describe cockade-shaped haem
orrhages, which certainly represent the granular type. Pale centres of haemorrhages 
were described by Phelps (1971) but remained unexplained. Submembranacious haem
orrhages are illustrated in fundus photographs by Schmidt and Trojan and in histologic 
sections by Sourdille (1964) and Hervouet (1968). These latter called this type of 
haemorrhage "perles jacobines" (cf. explanation of this unusual expression in the 
Appendix of this book). Even though histologically these submembranacious haemor
rhages were found under the internal limiting membrane, they were called "preretinal". 
An observation by Drews and Minckler (1933) is unusual in this respect: A haemor
rhage of 10 disc diameters under the internal limiting membrane was resorbed after 
6 days. A gradual evaluation of retinal haemorrhage caused by subarachnoid haemor
rhage is given by Fahmy (1972a), but his morphologic classification, too, cannot be 
accepted: Streaked haemorrhages in the nerve fibre layer, round haemorrhages on the 
surface and flame-shaped haemorrhages subretinally. 

Frequently these haemorrhages invade the vitreous body (Riddoch and Goulden, 
1925; Drews and Minckler, 1944; Aust et al., 1967; Schmidt and Trojan, 1970; Got
tinger, 1971; Duke-Elder, 1971). Vitreous haemorrhage caused by subarachnoid haem
orrhage is also called "Terson syndrome" (Terson, 1926; Paunoff, 1962; Castren, 
1963; von Grosz, 1966; Khan and Frenkel, 1975). Vessel ruptures have been seen in 
histologic preparations (Ballantyne, 1943; Miller and Cuttino, 1948). 

This postnatal type of retinal haemorrhage is a most important symptom and 
indicator of intracranial haemorrhage. Do1cet-Buxeres and Ferrer-Pi (1964) reported 
on a child without retinal haemorrhage after caesarian section. Retinal haemorrhage 
occurred accompanying the manifestations of an intracranial haemorrhage at the 
15 th day. Occurrence of intracranial and retinal haemorrhage together was reported in 
1/2 (1964) or 2/3 of the cases (1966) by Sourdille. Schmidt and Trojan (1970) found 
them in 40% of their cases, Fahmy (1973) in 90% of his fatal cases. Sequelae are pos
sible. Fahmy (1972b) reports on macular disorders, which he connects with break 
down products of haemoglobin and not with a direct macular haemorrhage. 

Symonds (1924) believed that vitreous haemorrhages, in cases of intracranial 
haemorrhage, are caused by a direct penetration of blood through the lamina crib rosa. 
This opinion (discussed also by Paunoff, 1962) is not supported by histologic inves
tigations by other authors, who found the lamina cribrosa intact (Riddoch and Goul
den, 1925; MacDonald, 1931; Greear, 1943; Drews and Minckler, 1944; Miller and 
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Cuttino, 1948; GOttinger, 1971). Manschot (1951,1954) experimented with ink injec
tions into the subarachnoid space. He proved that the cerebrospinal fluid spaces are 
contiguous even when the space at the foramen opticum is very narrow. Adhesions 
would explain why blood is not regularly found in the sheaths of the optic nerve in 
subarachnoid haemorrhage. Smith et al. (1957) considered that blood found behind 
the eye ball need not necessarily have penetrated along the optic nerve sheaths but 
that the distant effects of intracranial pressure could cause haemorrhage within the 
sheaths themselves. 

It is of primary interest that the elevation of intracranial pressure and its build-up 
in the dural sheaths of the optic nerve can cause papilloedema as well as retinal haem
orrhage. We observed one case in which haemorrhages of the nerve fibre layer had 
slightly elevated the internal limiting membrane, and haemorrhages of the internal 
granular layer had invaded the external plexiform layer, even penetrating the external 
limiting membrane. Experiments in dogs (Cushing and Bordley, 1909; Wolf and Davies, 
1931; Smith et al., 1957) have not been successful in producing true papilloedema 
because of the different vascularization of the canine disc. In the rhesis monkey Smith 
et al. (1957) produced retinal haemorrhage, including one submembranacious haemor
rhage (which they called preretinal). Hayreh (1964) also experimented with the rhesus 
monkey and produced papilloedema and retinal haemorrhage by raising intracranial 
pressure. It is of great interest that the disc did not respond in proportion to measured 
intracranial pressure change. Variations in the degree of patency of the sheath of the 
optic nerve, especially in the area of the optic canal, seem to influence the conveying 
of cerebrospinal fluid in the optic nerve sheath. 

True papilloedema seems to require some time for its formation, e.g. 10 min (?) 
according to Niedenneier (1956), or 2 h according to a clinical observation by Zehet
bauer (1977). The impairment ofaxoplasrnic transport (Mickler and Tso, 1976), caus
ing swelling of the disc, certainly occurs so slowly that it cannot be caused by perinatal 
elevation of cerebrospinal fluid pressure within optic nerve sheaths. 

The elevation of pressure in the central retinal vein plays the major part in the 
pathogenesis of retinal haemorrhage or papilloedema due to increased intracranial pres
sure. Measurements by Hedges et al. (1964) demonstrated that when" ... the cerebro
spinal fluid pressure reached the level of the systemic arterial blood pressure ... , the 
veins became engorged and the venous haemorrhages appeared in the posterior pole of 
the fundus". 

Where does obstruction of the central retinal vein take place? The schematic draw
ing from Miller and Cuttino (1948) in Figure 62 demonstrates how transmitted pres
sure of the cerebrospinal fluid reaches the vein when it passes from the optic nerve 
into the dural sheaths through the subarachnoid space. Miller and Cuttino also point to 
anastomoses of choroidal vessels with the central retinal artery and vein, behind the 
lamina cribrosa [which according to Fran!(ois and Neetens (1965) are of little impor
tance]. The vein is said to pass through the subarachnoid space more obliquely than 
the artery. It can be extended by subdural pressure so that its lumen narrows (Mac
Donald,1931). 

The importance of these points has been exaggerated. The most significant fact 
is that elevated intracranial pressure is transmitted through the dural sheaths of the 
optic nerve as far as the lamina cribrosa. The entire content of the dural sheath is 
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Fig. 62. Schematic drawing from Miller 
and Cuttino (1948). Elevated pressure 
of cerebrospinal fluid will compress cen
tral retinal vein and choroidal anasto
moses behind lamina crib rosa 

115 

uniformly exposed to pressure, which obstructs venous outflow more than arterial 
input. In considering perinatal retinal haemorrhage these haemodynamic factors must 
be kept in mind. 

3. Trauma 

Nobiling (1884) found retinal haemorrhage in suffocated newborn infants. It remains 
unclear whether the haemorrhages were sequelae of strangulation or perinatal in origin. 
Experimentally Metzger (1925) tried to produce retinal haemorrhage in young dogs 
and rabbits by suffocation, strangulation and application of negative pressure to the 
cranium. In most cases he could produce retinal haemorrhage. Liebrecht (1906) found 
retinal haemorrhage in cases of cranial fracture. Such traumatic haemorrhages seem to 
have been very little studied in comparison to perinatal ones. 

Of special interest are those connected with the battered baby syndrome. In most 
cases they occur together with intracranial haemorrhage (Aaron et al., 1970; Caffey, 
1974; Harcourt and Hopkins, 1973), but Harcourt and Hopkins (1971) also report on 
children with retinal haemorrhage without subdural effusion. They saw macular and 
other retinal scars as sequelae. This is of interest because the differences between peri
natal haemorrhages and those occurring in the battered syndrome are a question of 
degree. Further observations of retinal sequelae in this syndrome would be of great 
help. 
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4. Summary 

Retinal haemorrhage in the newborn must be compared to three other types of retinal 
haemorrhage. All these originate from increased pressure of the central retinal vein. 
This, in the first type, is caused by venous occlusion which, in fresh and incomplete 
stages, produces the same types of haemorrhage as in the newborn. A second type is 
due to elevation of cerebrospinal fluid pressure as in intracranial haemorrhage. The 
intracranial pressure transmitted to the dural sheath of the optic nerve obstructs 
venous outflow, and, when longer lasting, causes papilloedema. But a sequel to acute 
elevation of intracranial pressure, also in experiments, is typical retinal haemorrhaging. 
The third type, due to trauma, is partly connected with subarachnoid haemorrhage, 
but it seems that it can also appear independently. More observations are necessary, 
especially of retinal scar formation in the battered baby syndrome. 

Zusammenfassung 

Die Netzhautblutungen beim Neugeborenen mtissen mit 3 anderen retinalen Blutungen 
verglichen werden, die durch erhohten Druck in der Zentralvene auftreten. 

1. Der ZentralvenenverscWuB zeigt besonders im frischen oder unvollstandigen 
Stadium die gleichen morphologischen Typen von Blutungen wie beim Neugeborenen. 

2. DruckerhOhung des Liquor cerebrospinalis wie bei intracraniellen Blutungen 
wird entlang den Opticusscheiden fortgeleitet und behindert den venosen AusfluB. Bei 
langerem Bestehen tritt eine Stauungspapille auf, bei kurzfristiger ErhOhung des intra
craniellen Druckes, auch bei Experimenten, treten typische Neuthautblutungen auf. 

3. Durch Trauma, teilweise zu Subarachnoidalblutung flihrend, jedoch woW auch 
unabhangig erscheinend, konnen vergleichbare Netzhautblutungen auftreten. Weitere 
Beobachtungen besonders der Narbenbildung in der Netzhaut beim Battered Baby 
Syndrom waren notwendig. 

F. Correlation with Other Perinatal Haemorrhages 

During birth, conjunctival and choroidal haemorrhages can occur, which should be 
compared to perinatal retinal haemorrhages. Another specific type of haemorrhage is 
the cephalhaematoma; this has also been studied in connection with retinal haemorrhage. 

1. Cephalhaematoma 

The cephalhaematoma is caused by negative pressure on the parts of the head which 
have already left the birth canal. A correlation with the frequency of retinal haemor
rhage was not found by Stumpf and von Sicherer (1909), Yamanouchi (1959), Ishi
kawa (1959), Koyama (1959), Bachmann et al. (1968). Mezey (1952) stresses that 
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cephalhaematoma is frequent in immature children, whereas retinal haemorrhage is 
not. A positive correlation is reported only by Kawakami et al. (1963), but in a very 
small series. 

Thus, formation of a cephalhaematoma seems to be connected with circulatory 
conditions that are not the same as those causing perinatal retinal haemmorrhage. 

2. Conjunctival Haemorrhages 

A few authors compare the occurrences of retinal and conjunctival haemorrhage. 
Table 27 gives the details from four authors. No correlation of the two can be found 
from this table. This is also confirmed by Aliquo-Mazzei (1966) and Jochmus (1968). 
A higher number of conjunctival haemorrhages was found by Fran90is and Tranos 
(1975) under microscopic examination, but here also no correlation was seen. 

Table 27. Correlation of retinal and conjunctival haemorrhages 

Author Year Conj. haem. f/J Conj. haem. + 
Ret. haem. f/J Ret. haem. + Ret. haem. f/J Ret. haem. + 

Koyama 1959 322/510=63% 115/510=23% 45/510= 9% 18/510= 4% 

Baum and Bulpitt 1970 150/210=71% 31/210=15% 27/210=13% 2/210= 1% 

Wierhake 1971 44% 28% 17% 11 % 

Baum and Bulpitt (1970) found a positive correlation between conjunctival haem
orrhage and birth weight, cranial circumference, gestation period, short second stage 
of labour, high Apgar score and high parity. They could fmd no correlation between 
these criteria and retinal haemorrhage in their series, consisting mainly of immature 
infants. The uniqueness of the circulatory conditions of the retina is pointed out by 
the lack of correlation between haemorrhage in two areas so closely related. 

3. Choroidal Haemorrhages 

Perinatal choroidal haemorrhages seem to be very rare. Naumoff (1890) found three 
cases. Coburn (1904) saw one choroidal effusion that penetrated Bruch's membrane 
and lifted the retina. In our histologic material, no such haemorrhage could be found. 
Even if with transillumination a denser area of the choroid was visible, engorged cho
roidal vessels were still intact in the sections. We could also fmd no choroidal effusion 
on funduscopic examination. A darker choroidal area, temporal and below the macula, 
frequently seen in the light background of the newborn, corresponds to a long ciliary 
artery. Ehlers et al. (1974) report on some peripheral choroidal haemorrhages, but 
without an exact definition. 

Iris haemorrhages or hyphaema have been mentioned by Coburn (1904), Kauff
man (1941), Brogi et al. (1962) and Ciehanowska (1964). 
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4. Summary 

Perinatal haemorrhages due to elevated blood pressure in the infantile head - cephal
haematoma, conjunctival and choroidal haemorrhages - have not been found to be 
positively correlated with retinal haemorrhage. This latter depends on special circula
tory conditions that cannot be explained only by an elevation of the blood pressure in 
the head. 

Zusammenfassung 

Perinatale Blutungen, die durch den erhOhten Blutdruck im Bereich des kindlichen 
Kopfes erklart werden, wie Kephalhiimatom, conjunctivale und chorioidale Blutungen, 
sind nicht positiv mit Netzhautblutungen korreliert. Letztere werden durch besondere 
Kreislaufbedingungen hervorgerufen, die nicht nur in einer Blutdruckerh6hung des 
Schadels bestehen. 

G. Aetiology and Pathogenesis 

1. Literature 

With the first description of perinatal retinal haemorrhages in 1881, K6nigstein pre
sented the first hypothesis about their origin. He believed them to be caused by the 
arteriolization of infantile blood after the first inspiration. This idea was later dis
missed. 

Schleich (1884) and Berger (1892) beliebed that blockage of circulation during 
deformation of the foetal head was the cause. In 1890 Naumoff stated in his excellent 
paper that mere congestion of the foetal head could not be the only cause for retinal 
haemorrhage. He felt in this case that choroidal and conjunctival haemorrhages would 
occur with the same frequency. He was the first to consider the pressure of the cerebro
spinal fluid to be of importance: With the elevation of intracranial pressure during 
delivery, the pressure of the cerebrospinal fluid is transmitted through the subarach
noid spaces of the optic nerve and acts upon the central retinal vessels. The retinal cir
culation differs from that of other surrounding tissues in the passage of these vessels 
through the sheaths of the optic nerve. Though this idea is certainly valid, it was 
attacked by von Hippel (1898), who stated that the spaces for cerebrospinal fluid 
within the optic nerve sheaths were narrow and somtimes even lacking. Several authors 
followed this line of thought, though it contains an important error. If in a certain 
number of newborn infants, no passage into the optic nerve sheaths of cerebrospinal 
fluid were possible, this would be an explanation for the irregular and unpredictable 
occurrence of perinatal retinal haemorrhage. These latter are not constantly found 
under predisposing conditions like asphyxia or certain obstetric procedures. In addi
tion Coburn (1904) said that a temporary dilatation of the subdural spaces during 



Aetiology and Pathogenesis 119 

delivery might not necessarily be visible in histologic sections. Much later Hayreh 
(1964) confirmed with his experiments that there are individual differences in the 
patency of the optic nerve sheaths. 

A survey of other early opinions about the origin of perinatal retinal haemorrhages 
follows: 

Paul (1900): Retina subject to haemorrhage because of its delicate tissue and few anas
tomoses. 

Thomson and Buchanan (1903): Increase of blood pressure caused by obstruction of 
the placentar circulation or sudden relaxation of extreme pressure in the head 
" . . . allowing the full force of the blood to come suddenly into relaxed vessels 
may give rise to haemorrhages in the retina and choroid in certain cases." 

Berger and Loewy (1906): Toxaemia with disturbance of placentar circulation; eleva
tion of blood pressure with venous congestion. 

Seefelder (1907): Compression of the cranium. 
Stumpf and von Sicherer (1909): Inhibition of circulation under the special pressure 

conditions during birth. . 
Ehrenfest (1922): Anatomic conditions, e.g. the vena centralis retinae 6mptying anas

tomoses into the cavernous sinus; fragility of retinal vessels in premature infants; 
abnormal coagulability of the blood of the newborn. 

Although in this monograph it was attempted to collect all important material, 
it would be impossible to discuss all aetiologic factors proposed by so many authors. 
Too many investigators have added new aspects to the discussion, mainly trying to 
explain their own fmdings. 

The author wishes to end the chronologic compilation here and to arrange addi
tional opinions in categories. These will be grouped according to key words, which 
summarize the aetiologic factors considered to be important by the following authors. 

a) Elevation of Intracranial Pressure 

The effect of intracranial pressure, which is connected with the effect of birth on 
retinal circulation, is discussed as the leading factor by: Rico (1939), Kauffman (1941), 
Giles (1960), Brogi et al. (1962), Sanchez-Ibanez (1963), Jain and Gupta (1965), 
Moullme (1965), Schenker and Gombos (1966), Neuweiler and Onwudiwe (1967), 
Sachsenweger (1967), Takeda (1968), Braendstrup (1969), Hoo (1973), Fran~ois and 
Tranos (1975). 

Other obstetric factors have been dealt with in the chapters on different types of 
delivery. Still others have been discussed: 

Pressure alterations after the ruptur of the foetal membranes: Candian (1949), Kon
stantopais (1956), Pommer (1972) 

Spasm of interior segment of the uterus or pressure of the cervix: Sanchez-Ibanez 
(1963), Ciehanowsky et al. (1974), Zgorzalewicz (1974) 

Decreased pressure after delivery of the head: Metzger (1925) 
Compression of jugular veins: Dolcet-Buxeres and Ferrer-Pi (1954), Moulene (1965), 

Fritz et al. (1966) 
Retinal stasis by compression of the thorax: Ehlers et al. (1974) 
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b) Vascular Factors 

Different aspects of the condition of foetal vessels have been discussed: 

Endothelial conditions: Falls and Jurow (1946) 
Tendency for ruptures, especially in premature infants: Yoshioka (1954) 
Disturbances of capillary permeability by stress of birth: Cavrot (1956) 

Aetiology 

Fragility of capillaries due to a decrease in oestrogen hormones: Gajaria et al. (1965) 

c) Anoxia 

Asphyxia or anoxia with subsequent vessel dilatation is discussed as being important 
by Falls and Jurow (1946), Jirman (1947), Millan and Beltran (1950), Sanchez-Ibanez 
(1963), Krauer-Mayer (1965b), Takeda (1968), Tranou-Sphalangakou (1968), Evsyu
kova (1969), Krause et al. (1964) (cf. Tables 25 and 26). 

d) Haemo"hagic Diathesis 

The differing opinions concerning the haematologic conditions'of the newborn have 
been discussed in Chap. VII, Sect. D. 

e) Anatomic Conditions 

The special anatomic conditions of retinal circulation and drainage (von Barsewisch, 
1975) have been discussed mainly in connection with papilloedema (Chap. VII, 
Sect. E.2). Only a few authors have discussed the matter in connection with retinal 
haemorrhage, e.g. Juler (1937) on the connection of the central retinal vein to the 
cavernous sinus. 

A very important aspect, published by Bruckner et al. (1949), seems to have been 
entirely overlooked in the literature: He associates the pressure elevation within the 
optical nerve sheaths already discussed with the pressure conditions of the internal 
carotid artery. With elevation of the intracranial pressure, blood will avoid entering the 
cranium and choose instead the only extracranial branch, i.e. the opthalmic artery. 

In the extreme the ophthalmic artery functionally becomes the main and final 
branch of the internal carotid artery and in its area supplied an arterial plethora will 
result which can be produced by no other way in equal intensity during spontaneous 
physio-pathological processes. 

This literary survey of the factors considered to cause perinatal retinal haemor
rhage, as mentioned before, is incomplete, merely listing ideas and key words that have 
been discussed, and omitting some of the more exotic theories. 

2. Discussion 

It is obvious from the foregoing sections that no signle factor can be found to cause or 
prevent perinatal retinal haemorrhage. A selection from the many ideas has to be 
made, and the clinical data have to be evaluated not of a single series (in most cases 
too small), but from many series. 
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As a basis for discussion, the clinical facts will be repeated in a simplified and con
cise fonn: 

a) The retinal haemorrhages discussed occur during labour. 
b) They are caused by rhexis of retinal venules and capillaries. 
c) The greatest similarity can be found to other haemorrhages resulting from venous 

outflow obstruction, i.e. central venous occlusion or venous obstruction in intra
cranial pressure elevation by pressure transmitted within the sheaths of the optic 
nerve. 

d) No correlation exists with other perinatal ocular haemorrhages, like choroidal or 
conjunctival effusions. 

e) Altering the coagulability of foetal blood seems to be of no influence on the inci
dence; drugs supporting capillary resistance may be of influence. 

£) With spontaneous delivery from occipital presentation about 1/3 of newborns 
have retinal haemorrhages. 

g) If the cranium is compressed after the body is released (breech presentation), 
haemorrhages are rare; if the cranium is not compressed (caesarian section) they 
are also rare but seem to occur with asphyxia or attempted labour. 

h) Use of vacuum extraction, forceps delivery and pituitary preparations are corre
lated with a higher incidence of haemorrhage but also with prolonged labour and, 
frequently, intrauterine asphyxia. Also the influence of parity and age of the 
mother seem to be based on prolonged second stages of labour. 

i) Asphyxia is a predisposing factor. 

As a result of these considerations, the pathogenesis must be based on two prin
cipal factors: 

a) Anoxia with vessel dilatation 
b) Compression of the cranium producing pressure elevation within retinal vessels via 

1. Arterial inflow 
2. Pressure of the cerebrospinal fluid 
3. Venous outflow 

Compression of the soft foetal cranium causes high intracranial pressure. The 
internal carotid artery expresses most of its blood into the only extracranial branch, 
the ophthalmic artery. As regards the arterial blood supply, the retina is exposed to 
the same conditions as the choroid or the conjunctiva. These areas, also, suffer from 
a certain obstruction of venous drainage but anastomosize to surrounding venous sys
tems. Contrary to this, the central retinal vein drains into the cavernous sinus, which 
itself is exposed to the highly elevated intracranial pressure. In addtion to this, the 
elevated pressure of the cerebrospinal fluid is transmitted to the sheaths of the optic 
nerve. Within the dural space, the contents, especially the central retinal vein inside 
and outside the optic nerve, are compressed. This cannot be prevented by the insignifi
cant anastomoses with choroidal veins. The result is engorgement and ruptures in the 
venous system, and extravasation until pressure conditions change and fibrinous 
thrombi occlude the ruptures. No papilloedema can fonn within the short time in which 
retinal haemorrhage occurs, though the basic conditions have many details in common. 
Since vessels are more subject to rupture if dilated by anoxia, it is evident that even 
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less traumatic courses of delivery may lead to retinal haemorrhage. On the other hand, 
without anoxia, prevailing elevated pressure conditions may also lead to haemorrhage. 

These mechanisms are not always adequate to explain why a haemorrhage does or 
does not appear. An important third factor is individual anatomic variations, such as 

1. Differences of patency of subdural spaces in optic nerve sheaths 
2. Variants of choroidal anastomoses of the central retinal vein 
3. Variants of the course of the central retinal vein towards the cavernous sinus 
4. Individual differences in vascular fragility, possibly depending on stage of maturity 

These factors are difficult to study. Other items of minor importance might also 
influence or modify retinal haemorrhage: Only after delivery of the head could tho
racic compression or compression of the jugular veins elevate cranial blood pressure. 
This may cause conjunctival haemorrhage and, possibly, further bleeding from retinal 
vessel ruptures. Insufficient coagulability might cause larger haemorrhages by prevent
ing early formation of fibrin thrombi. 

Zusammenfassung 

a) Die BIutungen treten wahrend der Geburt auf. 
b) Sie werden durch Rhexis retinaler Venolen und Kapillaren hervorgerufen. 
c) Sie sind am meisten vergleichbar mit anderen Blutungen, die durch Stauung der 

Zentralvene entstehen. 
d) Mit anderen perinatalen Augenblutungen wie chorioidalen oder conjunctivalen 

Blutungen besteht keine Korrelation. 
e) Veranderung der Koagulabilitat des kindlichen BIutes scheint ohne Einflu~ auf die 

Frequenz zu sein, Medikamente zur ErhOhung der Kapillarresistenz sind vielleicht 
von Einflu~. 

f) Bei Spontangeburt aus Hinterhauptslage haben etwa 1/3 der Neugeborenen Netz
hautblutungen. 

g) Wenn der Schadel erst nach Entiastung des Korpers (Beckenendlage) komprimiert 
wird, sind BIutungen selten; wird der Schadel nicht komprimiert (Kaiserschnitt), 
sind sie selten und scheinen mit Asphyxie und Geburtsversuch korreliert zu sein. 

h) Vakuum-Extraktion, Zangenentbindung und Hypophysenpraparate sind mit 
erhohter BIutungsfrequenz, jedoch auch mit erhohter Geburtsdauer und haufig 
intrauteriner Asphyxie korreliert. Auch der Einflu~ der Paritat und des Alters der 
Mutter scheint tiber die verlangerte Austreibungperiode einzuwirken. 

i) Asphyxie ist ein pradisponierender Faktor. 

Die Pathogenese basiert auf 2 prinzipiellen Faktoren: 

a) Anoxie mit Gefa~erweiterung 
b) Schiidelkompression ruft Blutdrucksteigerung in den Netzhautgef~en hervor tiber 

1. den arteriellen Zustrom 
2. LiquordruckerhOhung 
3. den venosen Abflu~._ 
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Die Kompression des weichen kindlichen Kopfes ruft eine intracranielle Druck
steigerung hervor. Darauf wird die A. carotis interna fur Blut hauptsachlich dem ein
zigen extracraniellen Ast, der A. ophthalmica zuftihren. Beziiglich des arteriellen Zu
stromes waren Retina, Chorioidea und Conjunctiva noch den gleichen Bedingungen 
ausgesetzt. Auch diese Ietzteren werden eine intravasale Drucksteigerung erleben, fur 
Venensystem anastomosiert jedoch mit anderen Systemen der Umgebung. 1m Gegen
satz dazu flieBt die V. central is retinae ausschlieBlich in den Sinus cavemosus, der 
bereits dem erhohten intracraniellen Druck ausgesetzt ist. Zusatzlich wird der erhOhte 
Liquordruck in den Opticusscheiden weitergeleitet und damit ihr Inhalt, insbesondere 
die Zentralvene innerhalb und auBerhalb des Sehnerven komprimiert. Dieses konnen 
die unbedeutenden Anastomosen mit ChorioidalgefaEen nicht verhindern. Das Ergeb
nis sind Erweiterung und schlieBlich Rupturen des venosen Systems, Extravasationen, 
bis die Druckbedingungen sich andern und Fibrinpfropfe die Rupturen verschlieBen. 



VIII. Significance 

A. Evaluation of Different Types of Delivery 

Here it should be repeated that, e.g. in the case of vacuum extraction, the correlation 
of this procedure with a high incidence of retinal haemorrhage does not indicate that 
this procedure should be considered hazardous. Always the indication for intervention 
has to be taken into consideration. 

A low Apgar score is correlated with retinal haemorrhages and these may therefore 
serve as one of several symptoms to establish the diagnosis "asphyxia". But without 
further studies, it seems too early to evaluate, for instance, electronic monitoring of 
delivery by estimating the degree of asphyxia from retinal haemorrhages, as Krause 
et al. (1974) have done. 

The details of the correlation of retinal haemorrhage with different types of deliv
ery have been given in Chap. VII. 

B. Retinal and Intracranial Haemorrhages 

1. Pathoanatomy 

Jacobs was the first to assume in the year 1928 that intracranial haemorrhage, so 
important in the mortality of newborns, might be correlated with perinatal retinal 
haemorrhage. He examined 14 infants, stillborn or having died a few days after birth, 
and he found retinal haemorrhages in 12 of these. One immature and 5 mature infants, 
without intracranial lesions, had only a few retinal haemorrhages; 6 infants with intra
cranial lesions all had quite severe retinal haemorrhages. 

The idea of the positive correlation of retinal with intracranial haemorrhage was 
studied by several authors: Cavrot (1955,1956) found the clinical signs of intracranial 
haemorrhage only in children who had retinal haemorrhages at the same time. He con
sidered the retina to be a model of cerebral processes, depending on the same vasculari
zation and exposed to the same conditions that cause cerebral haemorrhage. Because 
of the connection of retinal circulation and intracerebral vessels, other authors also 
postulated a positive correlation: Edgerton (1934), Drozdowa (l951, Sorsby (1963), 
Kobayashi et al. (l964), Murillo and Murillo (1968), Vincenti and Gavinelli (1969). 
Bahn (1926) compared the retinal vessels to those of the ventricles. 

The authors who have published observations are grouped in Table 28. Some of 
the diagnoses were established only by clinical methods. Not all papers report in detail 
on the children with a negative correlation for the two types of bleeding. But this nega
tive correlation is more frequently found than would be expected from Jacobs' report. 
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Keeping in mind how unreliable such a method is, we can still add up the values of 
this table. We find intracranial lesions occurring in 53 cases with retinal haemorrhage 
and in 50 cases without, absence of intracranial lesions in 23 cases with retinal haem
orrhage and in 22 cases without. A correlation seems very unlikely. The material pub
lished cannot usefully be compared. Braendstrup (1969) does not clearly separate 
clinical and autoptic diagnoses. Stefek (1956) reports on a series of mainly immature 
infants. Doege (1969) found no correlation between intracranial and retinal haemor
rhage. The material of Szinmlk et al. (1971) shows no tendencies at all. 

2. Clinical Examinations 

Tanaka (1968) found lateral differences in the electroencephalogram of children with 
and without retinal haemorrhage. Larsen (1969) found a relative correspondence 
between retinal haemorrhage, neurologic aberration, and EEG alteration. No reliable 
correlation has been found by Bachmann et al. (1968), Hickl et al. (1969) and Orduiia 
and de Arizcun (1970). A short note by Figueroa (1958), reporting on v7% retinal 
haemorrhage with cerebral lesions, is lacking all detail. Cranial fissures or fractures 
after vacuum extraction seem also to demonstrate no clear correlation with retinal 
haemorrhage (Bachmann et al., 1968). 

3. Discussion 

The poor correlation of retinal with intracranial haemorrhage is not surprising if one 
considers their pathogenesis. The circulatory conditions of the retina during delivery 
cannot be compared with those of the brain. The venous outflow is exposed to condi
tions that exist in no other vascularized area of the infant's body. In addition, a fur
ther differentiation of intracranial haemorrhage is of importance. With mature infants, 
lacerations of the tentorium, due to birth trauma, play the major role. In immature 
infants, subarachnoid, leptomeningeal, para- and intraventricular haemorrhages are of 
importance (Capper, 1928; Schwartz, 1961; Joppich and Schulte, 1968). According to 
these authors, 30% of newborn infants dying in West Germany have pathologic cerebral 
alterations. Of these alterations, however, only 20% are due to birth trauma, whereas 
50%-80% are caused by hypoxia. 

The prevalence of non-traumatic, hypoxic haemorrhage in the material of the 
1. UniversWits-Frauenklinik, Munich, is confirmed by Miischenhorn (1970). In 90% of 
the immature infants with a birth weight under 2500 g, immature vessels can be 
expected (Hickl, 1972). The non-traumatic nature of these haemorrhages is also 
explained by the fact that the small head of the immature infant is less exposed to 
birth trauma. Lacerations of tentorium and falx and subdural effusions are due to 
compression of the cranium of mature infants. Their time of onset is the same as that 
of retinal haemorrhage. The non-traumatic and postnatal haemorrhages of the imma
ture are caused by the vicious circle of hypoxia, cerebral oedema and respiratory dis
tress. They are due to diapedesis. Their postnatal origin was tested by Dyer et al. 
(1971) with erythrocytes marked with Cr. 
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Reviewing Table 28 again, with this knowledge, we see that many details are mis
sing. Jacobs (1928) observed three forceps deliveries and two mature infants with 
intracranial lesions due to birth trauma. The lesions were correlated with retinal haem
orrhage. But forceps deliveries alone are often accompanied by retinal haemorrhage. 
Eades (1929) observed two cases of retinal haemorrhage, where symptoms of intra
cranial pressure were already present. It cannot be proven whether these retinal haem
orrhages were perinatal or connected with intracranial pressure. Nor can this possibility 
be excluded with other authors. 

4. Summary 

In contradiction to the idea of several authors, haemodynamic conditions of the retina 
during delivery are not comparable to those of the brain. Perinatal haemorrhages, 
therefore, do not serve as an indicator for intracranial bleeding. No correlation could 
be found with intracranial lesions due to birth trauma or to alterations in the electro
encephalogram. 

Non-traumatic cerebral haemorrhage, so often fatal to the immature, is caused by 
postnatal hypoxia and is due to diapedesis. No correlation here with retinal haemor
rhage has been confirmed. 

Zusammenfassung 

1m Gegensatz zu der Ansicht einiger Autoren sind die hlimodynamischen Bedingungen 
der Netzhaut unter der Geburt nicht mit denen des Gehims vergleichbar. Netzhaut
blutungen konnen deshalb nicht als Indikator flir intracranielle Blutungen herangezo
gen werden. Es konnten auch keine Korrelationen zu geburtstraumatischen intracra
niellen Uisionen oder elektroencephalographischen Veranderungen gefunden werden. 
Die nicht-traumatischen cerebralen Blutungen, oft Todesursache bei Friihgeborenen, 
werden durch postnatale Hypoxie ausgelost und sind Diapedeseblutungen. Eine Ver
bindung zu den perinatalen und durch Rhexis hervorgerufenen Netzhautblutungen 
wurde nicht bestatigt. 

C. Retinal Haemorrhage and Amblyopia 

About 2% of the population suffer from amblyopia: reduced visual acuity without 
visible retinal alterations. In many of these cases a refractive error is the cause, and this 
condition can ofteh be treated. According to Oliver and Nawratzki (1971), who found 
2% amblyopic children among 5329 cases, 1/3 of these remained resistent to therapy. 
This remaining type of amblyopia, not explained by refractive error and not influ
enced by treatment, has been related to perinatal retinal haemorrhage. 
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1. Pathoanatomy 

Schleich (1884) considered smaller retinal haemorrhages to be innocuous, whereas lar
ger ones could cause amblyopia by lesion of the retinal structure. Naumoff (1890) was 
convinced that amblyopia could be caused by retinal haemorrhages: Those of the 
internal granular layer would cause rupture of nerve fibres, ruptured capillaries would 
remain occluded, and the develOping retina would be very vulnerable. But he very 
clearly states that macular haemorrhage alone can be of importance later. Von Hippel 
(1898) found a macular haemorrhage penetrating the external limiting membrane and 
forming a subretinal effusion. He was sure that this macula would have been function
ally damaged afterwards. Coburn (1904) believed that, besides producing disturbances 
of central fixation, nerve fibre haemorrhages would also damage the retina through 
ascending and descending degeneration. Commenting on Enoch's lecture on receptor 
amblyopia, Burian (1959) discussed perinatal haemorrhages of the posterior pole that 
" ... might produce a disarrangement in the orientation of the sensory retinal ele-
ment ... ". 

Many authors have discussed macular haemorrhage as a cause of definite damage: 
Truc (1898), Thomson and Buchanan (1903), Fuchs (1905), Lagrange and Valude 
(1906), Ehrenfest (1922), Sykes (1931), Kramer (1931, in the Handbuch of Schieck 
and Bruckner), Wille (1946), Cook and Glasscock (1951), Arruga (1955), Sorsby 
(1963), Aliquo-Mazzei (1966), von Noorden and Maumenee (1971). 

Paul, in 1900, saw that not every case of amblyopia can be related to birth trauma. 
He also thought that amblyopia could follow macular haemorrhage. But the improve
ment of visual acuity by separate training proved that amblyopia could not be exclu
sivelyof traumatic origin. 

2. Clinical Investigations 

a) Original Observations 

From the author's material only children with foveolar involvement and with involve
ment of the macular area were reexamined. At the age of 6 and 7 years, 31 out of 
51 children with macular involvement were reexamined (Dissertation: A. POlImann, 
1979, under the author's supervision). The results concerning visual acuity, binocular 
function, fixation and funduscopy are given in Table 29. The fundi in all these chil
dren have been photographed. Notes and sketches of postnatal examination and, 
in some cases, postnatal photographs were compared to the current state. For instance, 
the two submembranacious haemorrhages invading the fovea centralis shown in Fig
ures 39 and 40 should be compared to the later fundus photographs (Figs. 63 and 64). 
In both cases, not a single trace of irregularity can be found either at the source of 
bleeding for the flat haemorrhages or at the vessels involved. The outline of the haem
orrhagic detachment of the internal limiting membrane is not marked by visible 
sequelae. Further examples are presented in Plates IV, VI, VIII. 



Retinal Haemorrhage and Amblyopia 131 

Table 29. Functional results 6 and 7 years after macular haemorrhages 

Localisation Visual acuity Titmus test Fixation Fundus 
of haemorrh. Rings No. alterations 

<0.6 0.7-0.9 1.0 <3 4-7 8-9 Central Para- ? + 0 
central 

I 

Fovea 1 2 15 1 5 10 16 1 1 1 17 
Macular 

border 0 8 22 1 2 12 28 1 1 1 29 
Peripheral a 0 1 8 8 0 1 1 8 
No haemor-

rhage a 0 0 5 4 0 1 0 5 

62 eyes 31 cases 62 eyes 62 eyes 

a Fellow eyes of cases with macular involvement. 

Fig. 63. Reexamination of macular haemorrhage at age 6 years (cf. Fig. 39 and Plate V). 
Vessels somewhat more tortuous than after birth, macula without any irregularities, 
no particular alterations at sites of earlier haemorrhages 

Among the 62 eyes reexamined, there were 3 with fundus alterations that will be 
analyzed in detail: 

1. Right eye: 15 haemorrhages, 1 submembranacious haemorrhage at the inferior 
temporal border of the macula. At 7 years of age, minimal pigmentary alteration 
of the fovea (within normal limits, no previous central haemorrhage). 
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Fig. 64. Reexamination of macular haemorrhage at age 7 years (cL Plate IX and Fig. 40). 
Detail photograph of macular area. No irregularities can be seen at site of former 
haemorrhages 

Left eye: 10 haemorrhages, 1 touching the macula from the temporal border. At 
7 years of age irregular superficial reflection of the fovea, not coinciding with the 
original haemorrhage and most probably due to ocular contusion. Visual acuity 
right eye 0.9, left eye 0.8; Titmus test: Rings Nos. 1-7; fixation: central in both 
eyes. 

2. Right eye (cf. Plate VIII): Massive extensive haemorrhages, one larger submem
branacious haemorrhage temporal to the macula. At 6 years of age minimal altera
tion of superficial retinal reflex at the nasal side of the macula. A choroidal depig
mentation is seen in the mid-periphery at 12 o'clock, a region which had not been 
photographed after birth. A particular type of haemorrhage, e.g. penetration of 
the external limiting membrane, may have occurred in this area. 
Left eye (cf. Plate IX; Figs. 40 and 64): Massive haemorrhages and one very large 
submembranacious haemorrhage covering the macula. At 6 years of age no irregul
arities visible. Visual acuity both eyes 1.0: Titmus test: Rings Nos. 1-9; fixation: 
central in both eyes. 

3. Right eye (cf. Plate VI): Massive haemorrhages, one of five submembranacious 
haemorrhages reaching the fovea from the temporal inferior border. At 7 years of 
age macula without irregularities. 
Left eye (no postnatal photograph): Massive haemorrhages, as on the other side, 
one submembranacious haemorrhage reaching the fovea from 12 o'clock. At 
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7 years of age minimal alteration of surface reflection at nasal macular border and 
minimal pigmentary alteration at inferior border of macula, both without connec
tion to earlier haemorrhages. 
Visual acuity both eyes 1.0; Titmus test: Rings Nos. 1-9; fIxation: central in both 
eyes. 

4. Another case is of interest. Massive haemorrhage with macular involvement in 
both eyes. At 6 years of age untreated convergent strabism due to hyperopia of 
+ 2 D in both eyes. Visual acuity improved in the right eye within 3 months of 
training from 0.4 to 0.6; fixation improved. 

In the entire series, foveal involvement was not found to be correlated with visual 
acuity, binocular function, irregular fIxation or ophthalmoscopic alteration. The only 
case of defInite amblyopia was the result of hyperopia and was responsive to treatment. 
This case had severe haemorrhages, more than 50 extravasations in each eye. The fovea 
of the right eye was reached by a haemorrhage from the temporal side and, prior to 
pleoptic treatment at the age of 6 years, fIxation centred on the nasal superior border 
of the fovea. The other eye had a foveal haemorrhage, too, and at the 'age of 6 years 
fIxation was unsteady but still central. Ophthalmoscopically both maculae were 
normal. This case does not prove that there is any relationship between the site of 
foveal haemorrhage and the area of fIxation because fIxation changed rapidly with 
treatment. 

b) Literature 

The fIrst important clinical observation was published by Sidler-Huguenin (1903). In a 
case of forceps delivery he observed a macular haemorrhage which had persisted for 
4 weeks. He reexamined the child at the age of 4.5 years with a good visual acuity and 
no abnormalities of the macula. Unfortunately, only a few cases report such precise 
details. A review of the literature is given in Table 30. 

The author agrees with the criticism of von Noorden and Khodadoust (1973) that 
in many cases it is unclear whether cases with macular involvement were reexamined 
or just cases with retinal haemorrhage. Even when macular involvement was discussed 
it was sometimes only the macular area and not the fovea that was involved. In the 
largest series of Pajor et al. (1964) it is uncertain whether cases with macular haemor
rhage have a visual function differing from that in cases of peripheral haemorrhage. 
These authors compared their group of retinal haemorrhages to a normal group with 
respect to visual acuity and binocular function. But this control group was older than 
the one with retinal haemorrhage. Besides that, the macular changes found in 11 % 
(fme granulation, loss of superfICial reflection) have not been related to macular haem
orrhage. 

Bonamour (1949) found a random distribution of macular involvement and visual 
acuity. Two children without macular haemorrhage had decreased visual acuity, and 
out of 17 children with light and peripheral haemorrhage, one affected eye was ambly
opic, certainly unrelated to haemorrhaging. Earlier, irregularities in the macula surface 
reflex had been observed over a period of months after central haemorrhages (Pehu 
and Bonamour, 1938). 



T
ab

le
 3

0.
 O

ph
th

al
m

ol
og

ic
 f

ol
lo

w
-u

p 
af

te
r 

re
ti

na
l 

ha
em

or
rh

ag
es

 
.....

. 
Y

o)
 "" 

A
ut

ho
r 

Y
ea

r 
A

ge
 a

t 
C

as
es

 
R

es
ul

t 
o

f 
op

ht
ha

lm
ol

og
ic

 e
xa

m
in

at
io

n 
re

ex
am

in
a h

o
n

 
at

 b
ir

th
 

at
 r

ee
xa

m
in

at
io

n 

Si
dl

er
-H

ug
ue

ni
n 

19
03

 
4.

5 
yr

 
M

ac
ul

ar
 h

ae
m

or
rh

ag
e 

af
te

r 
fo

rc
ep

s 
v.

a 
a 

go
od

, 
fu

nd
us

 n
or

m
al

 
de

liv
er

y,
 v

is
ib

le
 f

or
 4

 w
ee

ks
 

Ja
co

bs
 

19
28

 
3

.5
-5

.5
 y

r 
12

 
R

et
in

al
 h

ae
m

or
rh

ag
es

 i
nc

lu
di

ng
 

v.
a.

 g
oo

d 
m

ac
ul

ar
 b

or
de

r 
L

ar
ge

st
 h

ae
m

or
rh

ag
es

 f
ai

rl
y 

cl
os

e 
to

 
C

on
si

de
ra

bl
e 

am
bl

yo
pi

a 
re

gi
on

 o
f 

m
ac

ul
a 

Ja
co

bs
 

19
30

 
3

.5
-5

.5
 y

r 
3 

R
et

in
al

 h
ae

m
or

rh
ag

es
, r

es
or

be
d 

I 
am

bl
yo

pi
a,

 e
xp

la
in

ed
 b

y 
re

fr
ac

ti
ve

 e
rr

or
 

w
it

hi
n 

20
 d

ay
s 

R
ow

la
nd

 
19

35
 

2
-7

 y
r 

6 
R

et
in

al
 h

ae
m

or
rh

ag
es

 w
it

ho
ut

 
F

un
du

s 
no

rm
al

; 
ex

am
in

ab
le

 w
it

h 
5:

 v
.a

., 
m

ac
ul

ar
 in

vo
lv

em
en

t 
H

ai
tz

, s
te

re
os

co
pi

c 
vi

si
on

 o
r·

fu
si

on
 n

on
na

l 

Ju
le

r 
19

37
 

1
-3

 y
r 

5 
M

ac
ul

ar
 h

ae
m

or
rh

ag
es

 
F

un
du

s 
no

rm
al

, 
no

 a
m

bl
yo

pi
a 

or
 s

tr
ab

is
m

 

B
on

am
ou

r 
19

39
 

I 
yr

 
25

 
M

ai
nl

y 
m

ac
ul

ar
 h

ae
m

or
rh

ag
es

 
N

o 
m

ac
ul

ar
 a

lt
er

at
io

ns
 

C
ro

ci
 a

nd
 

19
41

 
6

-1
4

 m
o 

14
 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

F
un

du
s 

no
rm

al
; 3

 c
on

ve
rg

en
t 

st
ra

bi
sm

 b
y 

S
ca

rd
ac

ci
on

e 
re

fr
ac

ti
ve

 e
rr

or
 

B
on

am
ou

r 
19

49
 

10
 y

r 
8 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

7:
 v

.a
. 

go
od

; 
1:

 m
yo

pi
c,

 v
.a

. 
2/

10
; 

11
 

E
xt

en
de

d 
ha

em
or

rh
ag

es
 w

it
ho

ut
 

9:
 v

.a
. 

go
od

; 
I:

 v
.a

. 
5/

10
; 

I:
 v

.a
. 

2/
10

 
m

ac
ul

ar
 in

vo
lv

em
en

t 
17

 
D

is
cr

et
e 

ha
em

or
rh

ag
es

 
14

: 
no

rm
al

; 
1:

 s
tr

ab
is

m
 o

f 
in

vo
lv

ed
 e

ye
; 

2:
 s

tr
ab

is
m

 o
f 

fe
llo

w
 e

ye
 

D
ro

zd
ow

a 
19

51
 

8
.5

-3
2

 m
o 

14
 

B
il

at
er

al
 h

ae
m

or
rh

ag
es

, 
11

 w
it

h 
F

un
du

s 
no

rm
al

 
m

ac
ul

ar
 i

nv
ol

ve
m

en
t 

M
ac

ul
ar

 h
ae

m
or

rh
ag

e 
P

ig
m

en
t 

al
te

ra
ti

on
 c

or
re

sp
on

di
ng

 t
o 

th
e 

ha
em

or
rh

ag
e 

ti
l 

K
on

st
an

to
pa

is
 

19
56

 
8

-9
 y

r 
20

 
S

om
e 

w
it

h 
m

ac
ul

ar
 h

ae
m

or
rh

ag
es

 
F

un
du

s 
no

rm
al

, 
no

 a
m

bl
yo

pi
a 

QQ
' e. 

D
ue

sb
er

g 
an

d 
19

58
 

ca
. 

2 
yr

 
15

 
R

et
in

al
 h

ae
m

or
rh

ag
es

 
N

or
m

al
 

::t
! 

0 

T
ib

ur
ti

us
 

1 
B

il
at

er
al

 e
xt

en
de

d 
ha

em
or

rh
ag

e 
C

on
ve

rg
en

t 
st

ra
bi

sm
 w

it
h 

hy
pe

ro
pi

a 
r:o =
 

I 
U

ni
la

te
ra

l 
ha

em
or

rh
ag

e 
B

il
at

er
al

 p
ig

m
en

t 
al

te
ra

ti
on

s 
0 CD

 



M
ao

 
19

59
 

4
-5

 y
r 

23
 

R
et

in
al

 h
ae

m
or

rh
ag

es
 

F
un

du
s 

no
rm

al
, v

.a
. 

go
od

 
:;.:

I 
(1

) .....
 

P
aj

or
 e

t 
a1

. 
19

64
 

3 
y

r 
22

7 
R

et
in

al
 h

ae
m

or
rh

ag
es

 
11

 %
 f

in
e 

gr
an

ul
at

io
n 

o
f 

th
e 

m
ac

ul
a 

an
d 

S·
 

de
cr

ea
se

d 
su

rf
ac

e 
re

fl
ex

; v
.a

. 
ex

am
in

ab
le

 
e. ::t:

: 
in

 8
0%

 o
nl

y 
'" (1

) 

F
ri

tz
 e

t 
a1

. 
19

66
 

? 
20

 
R

et
in

al
 h

ae
m

or
rh

ag
es

 
1 

st
ra

bi
sm

 (
re

fr
ac

ti
on

?)
 

:3 0 
1 

M
ac

ul
ar

 h
ae

m
or

rh
ag

e 
D

eg
en

er
at

iv
e 

ar
ea

 o
f 

th
e 

m
ac

ul
a 

.... .... ::r
 

K
re

bs
 a

nd
 J

ag
er

 
19

66
 

1 
yr

 
60

 
R

et
in

al
 h

ae
m

or
rh

ag
es

 
F

un
du

s 
no

rm
al

, 
no

 s
tr

ab
is

m
 

'" (JC
> 

(1
) 

B
ir

ic
h 

an
d 

19
68

 
3

.5
-4

.5
 y

r 
11

8 
R

et
in

al
 h

ae
m

or
rh

ag
es

 
A

m
bl

yo
pi

a 
an

d 
st

ra
bi

sm
 o

nl
y 

w
it

h 
'" i:l 

P
er

et
is

ka
ya

 
re

fr
ac

ti
ve

 e
rr

or
 

0
-

M
ac

ul
ar

 i
nv

ol
ve

m
en

t 
W

it
ho

ut
 i

nf
lu

en
ce

 
;I>

 
:3 

H
ag

er
 

19
68

 
1

-2
 y

r 
? 

R
et

in
al

 h
ae

m
or

rh
ag

es
 a

ft
er

 v
ac

uu
m

 
I 

m
ac

ul
ar

 p
ig

m
en

t 
al

te
ra

ti
on

 
0

- -< 
ex

tr
ac

ti
on

 
0 '0

 

B
ra

en
ds

tr
up

 
19

69
 

? 
? 

F
ov

ea
l 

ha
em

or
rh

ag
e 

w
it

h 
pi

gm
en

ta
-

L
at

er
 n

or
m

al
 f

un
du

s 
~
.
 

ti
on

 a
ft

er
 2

-4
 m

on
th

s 

R
em

ky
 

19
69

 
4

-5
 y

r 
2 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

N
o 

am
bl

yo
pi

a 

R
ic

ht
er

 
19

69
 

1
1

-2
6

 m
o 

4
5

2
 

W
ith

 a
nd

 w
it

ho
ut

 h
ae

m
or

rh
ag

es
 

1.
6%

 c
on

co
m

it
an

t 
st

ra
bi

sm
; 

4.
3%

 p
er

io
di

c 
o

r 
su

sp
ec

te
d 

st
ra

bi
sm

 
? 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

N
o 

co
rr

el
at

io
n 

to
 s

tr
ab

is
m

 

S
as

ak
i 

19
71

 
6 

y
r 

24
 

L
ar

ge
 h

ae
m

or
rh

ag
es

, 
no

 m
ac

ul
ar

 
N

o 
am

bl
yo

pi
a 

in
vo

lv
em

en
t 

11
 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

N
o 

am
bl

yo
pi

a 

L
uk

as
ze

w
ic

z 
19

72
 

2
-3

 y
r 

14
 

M
ac

ul
a 

an
d 

m
ac

ul
ar

 a
re

a 
4 

w
it

h 
un

il
at

er
al

 a
m

bl
yo

pi
a,

 
5 

w
it

h 
re

ti
na

l 
sc

ar
s 

(w
he

re
?)

 
16

 
P

er
ip

he
ra

l 
ha

em
or

rh
ag

es
 

1 
w

it
h 

re
ti

na
l 

sc
ar

s 
(w

he
re

?)
 

G
ot

ts
te

in
 a

nd
 

19
73

 
3

-4
 y

r 
21

1 
(O

f 
41

6 
ch

il
dr

en
 w

it
h 

27
.4

%
 r

et
in

al
 

3.
3%

 m
an

if
es

t,
 2

.3
%

 l
at

en
t 

st
ra

bi
sm

 
S

ch
ne

ck
e 

ha
em

 o
rr

ha
ge

s)
 

un
co

nn
ec

te
d 

w
it

h 
re

ti
na

l 
ha

em
or

rh
ag

es
 

vo
n 

N
oo

rd
en

 a
nd

 1
97

3 
4

-5
 y

r 
5 

M
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

F
un

du
s 

no
rm

al
; 

4:
 v

.a
. 

go
od

; 
K

ho
da

do
us

t 
1:

 v
.a

. 
20

/3
0 

o.
u.

 

t;
.)

 

V
I 



T
ab

le
 3

0 
(c

on
ti

nu
ed

) 
w

 
0

\ 

A
ut

ho
r 

Y
ea

r 
A

ge
 a

t 
C

as
es

 
R

es
ul

t 
o

f 
op

ht
ha

lm
ol

og
ic

 e
xa

m
in

at
io

n 
re

ex
am

in
at

io
n 

at
 b

ir
th

 
at

 r
ee

xa
m

in
at

io
n 

C
ha

ng
 

19
74

 
3

-6
 y

r 
73

 
E

ye
s 

w
it

ho
ut

 h
ae

m
or

rh
ag

es
, 

M
ea

n 
v.

a.
 0

.9
0 

co
nt

ro
l 

gr
ou

p 
25

 
E

ye
s 

w
it

h 
re

ti
na

l 
ha

em
or

rh
ag

es
, 

M
ea

n 
v.

a.
 0

.9
4 

no
 m

ac
ul

ar
 i

nv
ol

ve
m

en
t 

18
 

E
ye

s 
w

it
h 

m
ac

ul
ar

 h
ae

m
or

rh
ag

es
 

M
ea

n 
v.

a.
 0

.9
2 

S
ch

en
k 

an
d 

19
74

 
3

-7
 y

r 
22

 
A

ft
er

 n
um

er
ou

s 
re

ti
na

l 
ha

em
or

rh
ag

es
 

M
ac

ul
a 

no
rm

al
 w

it
h 

al
l 

ca
se

s 
S

ta
ng

le
r-

4 
ye

ar
s 

ol
d,

 b
il

at
er

al
 m

ac
ul

ar
 h

ae
m

or
-

v.
a.

 o
.d

. 
3/

8,
 o

.s
. 

3/
8,

 i
ns

ta
bl

e 
fi

xa
ti

on
 

Z
us

ch
ro

tt
 

rh
ag

es
 a

ft
er

 v
ac

uu
m

 e
xt

ra
ct

io
n 

3.
5 

ye
ar

s,
 m

ac
ul

ar
 h

ae
m

or
rh

ag
e 

o.
s.

 
v.

a.
 o

.d
. 

3/
6,

 o
.s

. 
3

/1
2

 
af

te
r 

co
rd

 a
ro

un
d 

th
e 

ne
ck

 
5.

5 
ye

ar
s,

 m
ac

ul
ar

 h
ae

m
or

rh
ag

e 
o.

s.
 

v.
a.

 o
.d

. 
6/

6,
 o

.s
. 

6/
12

, 
im

pr
ov

in
g 

to
 6

/8
, 

m
ic

ro
st

ra
bi

sm
 o

.s
. 

L
ow

es
 e

t 
al

. 
19

76
 

4
.5

-6
.5

 y
r 

38
 

A
ll 

fu
nd

i 
no

rm
al

 
1 

bi
la

te
ra

l 
ha

em
or

rh
ag

e 
v

.a
.o

.d
. 

1.
0;

 o
.s

. 
0.

7,
 c

on
ve

rg
en

t 
st

ra
bi

sm
 

w
it

h 
su

pp
re

ss
io

n 
sc

ot
om

a 
1 

m
ac

ul
ar

 h
ae

m
or

rh
ag

e 
o.

d.
 

v.
a.

 o
.d

. 
0.

7;
 o

.s
. 

0.
9,

 s
up

pr
es

si
on

 s
co

to
m

a 
o.

d.
 

1 
m

ac
ul

ar
 h

ae
m

or
rh

ag
e 

o.
s.

 
v.

a.
 o

.d
. 

1.
0;

 o
.s

. 
0.

8 

P
6l

lm
an

n 
19

79
 

6
-7

 y
r 

18
 

E
ye

s 
w

it
h 

fo
ve

al
 h

ae
m

or
rh

ag
e 

1:
 m

in
im

al
 p

ig
m

en
t 

al
te

ra
ti

on
s 

o
f 

b
o

th
 

m
ac

ul
ae

 a
ft

er
 u

ni
la

te
ra

l 
m

ac
ul

ar
 h

ae
m

or
-

rh
ag

e 
1:

 c
ha

ng
es

 i
n 

su
rf

ac
e 

re
fl

ec
ti

on
 a

t 
th

e 
bo

rd
er

 o
f 

th
e 

m
ac

ul
a,

 w
he

re
 n

o 
pr

ev
io

us
 

ha
em

or
rh

ag
e 

1:
 a

m
bl

yo
pi

a 
w

it
h 

hy
pe

ro
pi

a 
Ct

:l 

30
 

E
ye

s 
w

it
h 

ha
em

or
rh

ag
es

 a
t 

th
e 

I:
 a

lt
er

at
io

n 
o

f 
th

e 
su

rf
ac

e 
re

fl
ex

 a
t 

th
e 

ijQ
. 8.
 

m
ac

ul
ar

 b
or

de
r 

m
ac

ul
ar

 b
or

de
r 

w
he

re
 n

o
 p

re
vi

ou
s 

ha
em

-
:=:

 
or

rh
ag

e 
b

u
t 

co
nt

us
io

n 
("

) 
~
 

~
 

v.
a.

, v
is

ua
l 

ac
ui

ty
. 

("
) 

a 
G

 



Retinal Haemorrhage and Amblyopia 137 

Comparable to our findings in one case, Duesberg and Tiburtius (1958) report on 
a case of bilateral pigment alteration of the macula, after unilateral central haemor
rhage. With their late examination date (up to the 7th day) it is conceivable that a 
macular haemorrhage had already been reabsorbed in the other eye. 

Of all the observations, there are only three cases with visible macular alterations 
that have been related to haemorrhage. These are early observations only and lack 
many details: 

Drozdowa (1951): Reexamination of binocular haemorrhages at the age of 8-32months, 
one pigment concentration that corresponded to an earlier macular haemorrhage 

Fritz et al. (1966); "Sub-macular" haemorrhage resulting in a "degenerative" area 
several months later 

Hager (1968): Macular pigment alterations 1 or 2 years after vacuum extraction (with 
macular haemorrhage?) 

Sachsenweger (1965, 1967) emphasizes that, even· without visible sequelae, 
macular haemorrhages are reabsorbed slowly, often within 1 or 2 months. This could 
cause an inhibition in the development of the fixation reflex. Even minute haemor
rhages may not be harmless in this respect. In addition, the messiness ("Unsauberkeit ') 
of maculae in amblyopic eyes could be connected with earlier haemorrhages. But in 
1968 he added: "The statistical relationship between haemorrhages and amblyopia is 
so vague that one cannot speak of a significant coincidence of the two conditions." 
Doege (1969) discusses subretinal haemorrhage causing a disturbance of retinal nutri
tion, intraretinal haemorrhage causing laceration and atrophy of nerve elements and 
vessel rupture causing vessel occlusion, all based on histologic examination. This last 
mechanism appears to be of little importance, since the author's examinations demon
strate fibrin thrombi that occlude the vessel rupture but not the lumen of the dilated 
vessel itself. 

Only Vance a (1967) states that amblyopia is a sequel to haemorrhage, without 
any further details. Kauffman (1958) could find no relation in occasional reexamina
tion of the large series of children he had seen after birth. Franceschetti (1968) found 
a low incidence of squint in reexaminations. The data of Chang (1974) were given in 
terms of average visual acuity between ages 3 and 6 years. The average visual acuity 
was found to be 0.92 in 18 eyes with macular haemorrhage; 0.94 in 25 eyes after 
retinal haemorrhage in other locations; 0.90 in 73 eyes without haemorrhage. His con
clusion is: Macular haemorrhage at birth is not a cause of amblyopia. 

One aspect not hitherto discussed was added by Schenk and Stangler-Zuschrott 
(1974): Four children with reduc~d fusional amplitude had suffered from extensive 
thrombosis-like haemorrhages of the posterior pole. The authors discuss a possible 
connection, since quality offusion depends on quality of perception in the perimacular 
retina. 

Other reports try to correlate obstetric complications with visual acuity, without 
observation of perinatal retinal haemorrhages. It must be kept in mind that macular 
haemorrhages occur in 4% of normal deliveries and in about 25% after vacuum extrac
tion. The incidence is far higher than that of amblyopia in the population. Unger 
found obstetric complications in 45% of 300 children with strabism. Sachsenweger 
(1965) estimates the percentage of severe forms or amblyopia, not accessible to early 
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treatment, to be 10%-20%. His attempt to correlate success of early treatment with 
complications of gestation and birth was without clear result. 

Other sequelae have been discussed: Edgerton (1934) thought that macular chan
ges can cause amblyopia, congenital nystagmus and degenerative macular alterations. 
Velhagen (1964) connects peripheral haemorrhages with pigmentary alterations of 
otherwise unclear genesis. Coloboma has been discussed by Coburn (1904), retinoblas
toma by Wehrli (1905), Coat's djsease by Vance a (1941). A few observations of severe 
hayaloid haemorrhage, mainly in premature infants, make it likely that important 
sequelae persist (Braendstrup, 1969). 

3. Discussion 

Perinatal macular haemorrhage as a possible cause of amblyopia should be discussed 
with respect to the histologic details published in this monograph. Vessel ruptures and 
subsequent occlusions by fibrin thrombi could cause temporary disturbances in minute 
areas of retinal circulation. No fluorescein angiographs have been carried out in new
born infants, so that the importance of vessel obstruction is not known clinically. 
Histologic examinations have not yet proven that tissue damage actually occurs. The 
sections presented in this work suggest that fibrin thrombi do not cause a complete 
obliteration of venules; capillary occlusions, however, might be possible. 

With a vessel rupture in the nerve fibre layer and the ganglion cell layer , three 
changes in the tissue occur: 

1. Extension of virtual spaces along the nerve fibres 
2. Extension of virtual perivascular spaces 
3. Detachment of the internal limiting membrane in submembranacious haemorrhages 

With a capillary rupture in the internal nuclear layer there are also three possible 
changes: 

1. Dislocation of cells of the internal nuclear layer 
2. Rupture of the internal plexiform layer, rarely seen 
3. Penetration into the external granular layer or possible rupture of the external 

limiting membrane 

All these developments of retinal haemorrhage cannot originate in the avascular 
macula itself - a fact that has hardly been discussed in the literature. Every haemor
rhage covering the fovea has as its source a perimacular haemorrhage. The most fre
quent or possibly the only type of haemorrhage reaching the fovea is the submem
branacious type, as a result oflimited space in the nerve fibre layer. Possibly, the struc
ture of the Mi.iller cells permits easier detachment of the internallirniting membrane of 
the foveal retina; we must ask ourselves whether this lesion is important. The histo
logic fmdings after reattachment of the internal limiting membrane are unknown. 
Since in the macular area deeper layers are hardly involved, discussion of a mal orienta
tion of sensory elements is hypothetical. 

Even if visible sequelae of macular haemorrhage are extremely rare, a central 
haemorrhage totally inhibits the macula for weeks and sometimes for months. Here 
functional damage is only a question of length of time of resorption. Clinical reports 
do not contain enough details to clarify this possibility in some cases. 
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Haemorrhages that cause destruction of nerve tissue, without the possibility of 
regeneration, has to be discussed separately. The separation itself of cells of the internal 
granular layer could cause lacerations, and a rupture of the internal plexiform layer 
is bound to result in permanent damage. Ruptures of the external limiting membrane, 
perhaps rare in surviving children, could disturb the connections between cones and 
rods and pigment epithelium. But these true subretinal haemorrhages, observed in 
histologic sections, cannot be found in clinical descriptions, probably because of 
problems of terminology. Such are subretinal haemorrhages could affect the macula, 
possibly causing visible damage. Other important lesions bound to the vascularized 
perimacular retina may cause small scotomas, which have not yet been demonstrated. 

Many authors believe that the not yet fully differentiated retinal tissue is espe
cially vulnerable during the perinatal period. The opposite viewpoint seems not to have 
been discussed: Could the not yet differentiated retina have a greater ability to com
pensate the sequelae of haemorrhages, e.g. the detachment of the internal limiting 
membrane as one sequela? What is missing is not only the evaluation of follow-ups 
after macular haemorrhage, but also photographic documentation and detailed data 
about location of haemorrhages and fIxation. Of particular interest would be a follow
up of the material from Tiibingen (Wierhake, 1971) with photographs of all fundi. 
For the time being, it can only be said that a connection of retinal, and especially 
macular, haemorrhaging to amblyopia is unlikely. Not all intractable cases can be 
attributed to retinal haemorrhage. Only a very limited number of macular haemor
rhages seem to have caused sequelae. 

4. Summary 

Peripheral retinal haemorrhages have no influence on the subsequent function of the 
eye. Some types of haemorrhage causing defmite tissue damage have to cause small 
scotomas. Haemorrhages affecting the macula must have invaded this avascular zone 
from the vascularized perimacular retina. The typical macular affection, the submem
branacious haemorrhage, seems to heal without visible of functional alteration. The 
detachment of the internal limiting membrane is probably not a severe trauma to the 
not yet fully differentiated retina. Functional damage due to the exclusion of the 
macula seems to be rare. The macular fIxation reflex develops at a time when even 
these long-standing haemorrhages have been resorbed. Deficiency of fusional ampli
tude after "thrombosis-like" perimacular haemorrhages may be possible. 

Zusammenfassung 

Periphere Netzhautblutungen sind fUr die spatere Funktion des Auges bedeutungslos. 
Einzelne Blutungsformen mit eindeutiger Gewebeschadigung miissen kleine Skotome 
hervorrufen. Maculablutungen konnen in diese avaskulare Zone nur von der vaskula
risierten, perimacularen Retina eindringen. Die typische Form, eine submembranose 
Blutung, scheint ohne sichtbare oder funktionelle Folgen auszuheilen. Die Abhebung 
der Lamina limitans interna ist wahrscheinlich kein schweres Trauma der noch nicht 
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vol1ig differenzierten Netzhaut. Funktionelle Schlidigung durch die zeitweilige Aus
schaltung der Macula scheint selten vorzukommen. Der Fixationsreflex entwickelt sich 
erst, wenn auch liinger bestehende, zentrale Blutungen resorbiert sind. Verringerung 
der Fusionsbreite nach thromboseartigen perimacularen Blutungen ist moglich. 



IX. Conclusion 

The manifold aspects of perinatal retinal haemorrhage have been discussed in each 
chapter. From the morphologic viewpoint, many new details were found through thor
ough histologic examination and comparison with fundus photographs. Even a detail 
of interest in general vessel pathology, hitherto overlooked or misinterpreted, was 
analyzed: the fibrin thrombus of vessel rupture. The discussion of macular haemor
rhages and their sequelae was based on histologic findings; these demonstrate the 
likelihood that macular submembranacious haemorrhages hardly destroy any tissue. 

In this book aetiologic factors influencing the incidence of haemorrhage are dis
cussed. This discussion is based on the world literature, including very inaccessible 
papers. By means of this extensive survey, some tendencies were discovered because of 
the inclusion of rare courses of delivery. 

Several questions remain open. It will always be difficult to clarify the individual 
anatomic and physiologic variations in the newborn, which seems to be responsible 
for the limited correlation of predisposing factors with retinal haemorrhage. More 
observations correlating the Apgar score to perinatal haemorrhage are desirable. Con
cerning the significance of retinal haemorrhages, more reexaminations after foveal 
involvement are necessary. Do perimacular haemorrhages influence the fusional ampli
tude? Can haemorrhages spread after birth? Is spontaneous fibrinolysis, an alteration 
occurring after birth, correlated with more extensive haemorrhages? Does the higher 
incidence of haemorrhage in infants born of primiparae depend on a prolonged second 
stage of labour? These are all questions that were not answered by our study. 

Finally, it should be emphasized what an astonishing phenomenon perinatal retinal 
haemorrhage is! Birth, a physiologic process, causes spectacular alterations, namely 
vessel rupture and haemorrhage, in an extremely delicate organ, the retina. Even the 
functionally important macula is frequently affected. Regression begins after birth, 
and the alterations, comparable only to those in severe disease, are connected only 
with a brief episode of perinatal life. 



x. Appendix 

A. Plates 

Some larger photographs to which the text refers on several occasions are collected in 
this appendix. The plates consist mainly of mosaic photographs of some interesting 
perinatal retinal haemorrhages. It should be kept in mind that only cases of particular 
interest were photographed, so that this is a selection of more severe cases. Some of 
them are compared to follow-up photographs. Two post mortem photographs of 
retinae are added to be compared with the in vivo photographs. One histologic section 
and a mosaic photograph of the fundus after fresh central venous occlusion are also 
included. 
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Plate I. Case 1/50; mother: 15-year-old primipara; child: girl, birth weight 3250 g. 
Delivery: First stage of labour: 6 h 50 min; second stage: 28 min; vacuum extraction 
from left occipital presentation during prolonged second stage of labour. 

a. Right eye, 24 h after birth: Several medium-sized haemorrhages at posterior pole, 
and one tvpical haemorrhage of nerve fibre layer with white fibrin thrombus in centre. 
Small submembranacious haemorrhage reaches macula. All haemorrhages absorbed 
within I week. 

b. Left eye, 24 h after birth: Over 20 haemorrhages at posterior pole, linear and flame
shaped types, latter with typical white fibrin thrombi. Pear-shaped submembranacious 
haemorrhage originating from temporal inferior border of macula covers fovea. It 
originates from a flat haemorrhage, a white fibrin thrombus of which is visible as 
source of bleeding. Within I week, all flat haemorrhages absorbed, whereas submem
branacious macular haemorrhage remained unaltered. 
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Plate II. Case I1I/34; mother: 25-year-old primipara; child: girl, birth weight 3000 g. 
Delivery: first stage of labour: 10 h 30 min; second stage: 15 min. Vacuum extraction 
from occipital presentation. 

Right eye, 12 h after birth: Dispersed retinal haemorrhages around posterior pole and 
periphery. At clinical examination, number of haemorrhages estimated to be 10-20. 
Fundus photographs revealed that several linear haemorrhages had been overlooked. 
One haemorrhage of internal granular layer at macular border. Of special interest is a 
submembranacious haemorrhage in mid-periphery, with a typical white reflection on 
its centre. Within 5 days, all haemorrhages, including the submembranacious type, had 
been resorbed without visible sequelae. 
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Plate III. Case III/34 

Left eye, 12 h after birth: Multiple flat haemorrhages. Finest linear haemorrhages of 
nerve fibre layer prevail in area close to disc where this layer is particularly substantial. 
Flame-shaped type of nerve fibre layer haemorrhage extends to mid-periphery. Several 
granular haemorrhages of internal granular layer are clearly discernible because of den
dritic outlines. Other less distinct haemorrhagic patches, as in upper nasal quadrant, 
must also be regarded as haemorrhages of granular layer, because of histologic findings. 
White centres at site of fibrin thrombi are also visible in several of the larger granular 
haemorrhages. No submembranacious haemorrhages, no macular involvement in this 
eye. After 5 days, only remnants of two haemorrhages at nasal and temporal side of 
macula still visible. 
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Plate IV. Case III/61; mother: 21-year-old primipara; child: girl, birth weight 3 130 g. 
Delivery: first stage of labour: 7 h; second stage: 37 min. Pituitary preparation applied 
because of "inertia uteri". Spontaneous delivery from occipital presentation. 

a. Right eye, 24 h after birth: A few haemorrhages only in the mid-periphery. One 
more extensive granular haemorrhage close to macular border. After 4 days, this had 
partly faded away but was still visible. 

b. Right eye, follow-up at 5 years: No abnormalities visible at site of original haemor
rhage. 
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Plate V. Case III/6l. 

Left eye, 24 h after birth: Retinal haemorrhages at posterior pole and up to equatorial 
periphery. Haemorrhages of nerve fibre layer partly passing over border of disc, partly 
accompanying larger vessels. Outlines already slightly indistinct, due to incipient 
resorption. Granular haemorrhages seen especially in vicinity of macula. A single sub
membranacious haemorrhage covers macula. After 4 days, a few indistinct flat haem
orrhages still visible. Macular haemorrhage unchanged (cL Fig. 39 and follow-up, 
Fig. 63). 
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Plate VI. Case 1/56, mother: 26-year-old primipara; child: boy, birth weight 3140 g. 
Delivery: first stage: 5 h, second stage: 10 min, spontaneous delivery from occipital 
presentation. 

a. Right eye, 20 h after birth: Massive confluent haemorrhages, concentrated around 
posterior pole. Fundus photograph, technically imperfect, at least reveals multiple 
white fibrin thrombi of confluent flame-shaped haemorrhages of nerve fibre layer. 
Close to macula, three smaller submembranacious haemorrhages. One rather flat sub
membranacious haemorrhage touches macula from temporal inferior border. After 
4 days, submembranacious haemorrhages still clearly visible. Number and distinctness 
of flat haemorrhages considerably altered. 

b. Right eye, follow-up at age 6 years: Normal fundus, no irregularities corresponding 
to site of haemorrhages. 

Fundus of left eye practically identical with one submembranacious haemorrhage 
reaching macula from 12 o'clock. At follow-up, visual acuity 1.0 O.U.; Titmus test: 
Rings Nos. 1-9 +; central fixation. 

Plate VII. Case 11/120; mother: 23-year"old primipara; child: boy, birth weight 3910 g. 
Delivery: first stage of labour: 3 h; second stage: 17 min. Vacuum extraction from 
first occipital presentation because of imminent asphyxia. 

Left eye, 8 h after birth: Multiple, partly confluent flat haemorrhages from posterior 
pole to periphery. Multiple fibrin thrombi visible, especially in the haemorrhages of 
the nerve fibre layer. Several typical granular haemorrhages visible. Seven submem
branacious haemorrhages in vicinity of disc and macular border; one of these covering 
macula and revealing its source by its peripheral white fibrin thrombus. 

Right eye with similar involvement. After 6 days, practically all flat haemorrhages had 
vanished and all submembranacious haemorrhages were still visible. 
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Plate VIII. Case III/31, mother: 33-year-old pluripara; child: girl, birth weight 3550 g. 
Delivery: First stage of labour: 5 h, second stage of labour: 4 min. Spontaneous deliv
ery from occipital presentation. 

a. Right eye, 6 h after birth: Close to disc retina is entirely invaded by confluent haem
orrhages, studded with multiple white fibrin thrombi. Haemorrhages extend far into 
periphery. Typical granular and submembranacious haemorrhages are seen close to 
macula, sparing fovea. 

b. Right eye, follow-up at age 6 years: Only single whitish depigmentation in mid
periphery at 12 o'clock visible. Since no postnatal photographs correspond to this 
position, it remains unclear whether a particular type of haemorrhage at this area is 
the cause. At the site of other massive haemorrhages, no traces to be seen. 
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Plate IX. Case III/31. 

a. Left eye, 6 h after birth: Multiple confluent haemorrhages of nerve fibre layer, 
especially along larger vessels, occupying major part of posterior pole. An important 
submembranacious haemorrhage in the shape of a calabash covers macula. After 8 days, 
all flat haemorrhages resorbed and the central submembranacious haemorrhage had 
concentrated to a hemisphere with circular outline, covering macula. 

b. Left eye, follow-up at age 6 years: Normal fundus, no irregularities at site of former 
haemorrhages. 
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Plate X. Case III/28; mother 20-year-old secundipara; child: boy, birth weight 1810 g, 
immature. Multiple malformations of limbs. Forceps delivery because of imminent 
asphyxia. Died 2 h after birth. 

Right eye: Partly fixed retina. Postmortal retinal folds at macula. The opaque retina 
makes haemorrhages particularly visible. Haemorrhages of nerve fibre layer can be 
seen in all dimensions, from single linear to confluent flame-shaped types with white 
fibrin thrombi. Granular haemorrhages are lighter in colour, most of them with a white 
centre. Where both haemorrhages overlap, histologically no communication was found. 
At the upper border, a large submembranacious haemorrhage hat not only detached 
the internal limiting membrane but also penetrated it, so that blood cells invaded the 
subhyaloid and the hyaloid space (cf. Fig. 54). The fusiform dilatation of a perivas
cular space, resembling a fusiform vessel dilatation, is visible at this same haemorrhage 
(cf. Fig. 18 and Plate XII). 

Plate XI. Case III/28. 

Left eye: A few haemorrhages in this eye, ranging from minute splinters to flames in 
the nerve fibre layer. Besides that, typical haemorrhages of the granular layer. 
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Plate XII. Section through confluent haemorrhage extending from ganglion cell layer 
to internal limiting membrane (central part of haemorrhage demonstrated in Plate X 
at superior border). To the right the eruption through the internal plexiform layer is 
visible, a section adjacent to Fig. 36. In the centre, in an arteriole, an intravital fibrin 
embolus stained darkly with PT AH. The embolus has no relation to the haemorrhage 
and its position is coincidental. To the left, the venule, also demonstrated in Fig. 18, 
is visible, with its perivascular space entirely invaded by blood cells. 
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Plate XIII. 51-year-old patient with central venous occlusion of 2 days. Similar to peri
natal haemorrhages here, also, extravasations are mainly situated at the posterior pole. 
Typical flame-shaped haemorrhages arranged along nerve fibres and with white centre 
visible. Granular haemorrhages, partly with clearly visible white centre, correspond to 
a certain extent to perinatal type. They differ because an orientation partly radial to 
macula, in accordance with tissue structures of Henle's layer. Thus, they partly cross 
the direction of the nerve fibres, which is not observed in perinatal haemorrhages. 
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B. The First Description 

Konigstein's original text, the first description of perinatal retinal haemorrhage, is as 
follows: 

"Sehr haufig begegnet man verwaschenen rothen Flecken in verschiedener Gro~e 
und Form. Ich konnte mir dieselben anfangs nicht deuten. Bei der Schwierigkeit, ein
zelne Punkte liingere Zeit zu fixieren, konnte ich mir nicht Klarheit verschaffen, ob ich 
es mit Extravasaten zu thun habe oder ob vielleicht an einer Stelle das Pigmentepithel 
defect sei. Ich untersuchte mehrere solche Falle nach einigen ragen wieder, da war 
aber keine Spur mehr jener Flecke zu sehen. Bei einem Kinde nun, das ich einige Stun
den nach der Geburt untersuchte, sah ich in der Niihe der Papille zwei dunkelrote 
Flecke von fast Papillengrosse, die ich ganz bestimmt als Blutextravasate ansprechen 
konnte. Ich untersuchte nun das Kind taglich und bemerkte, wie die Extravasate 
sowohl von der Peripherie als vom Centrum aus sich lichteten und so das verwaschene 
Aussehen gewannen. Diese Beobachtung machte ich an l1lehreren Kintlem. Hatte ich 
Kinder aus den ersten ragen, so waren die Flecken mehr oder weniger dunkelroth, 
deutlich begrenzt, oft in den Glaskorper hineimagend, wiihrend Kinder aus den spate
ren ragen nur undeutliche verschwommene Flecken zeigten. Die Blutextravasate kom
men nicht so selten vor; ich beobachtete sie in 10% meines Untersuchungsmaterials 
und es wunderte mich darum, d~ sie anderen Untersuchem entgangen sind. Sie sind 
entweder radiar gestellt und streifenformig die Gefa~e begleitend oder in kleinen oder 
gro~eren rundlichen Flecken, oft ist der ganze Augenhintergrund von innen bedeckt. 
Wie schon oben angedeutet, werden sie rasch resorbirt und sind darum von keiner wei
teren Bedeutung, doch konnte es immerhin moglich sein, d~ durch massenhafte 
Extravasate Retinaelemente zerstort werden, und sie dadurch Ursache spater gefunde
ner Amblyopien ohne Befund werden. Wann entstehen diese Extravasate und wodurch 
werden sie hervorgerufen? Sicherlich entstehen sie nicht wiihrend des Uterinlebens. 
Hiergegen spricht das Aussehen und die Analogie mit den Blutaustritten in die Haut 
und die Conjunctiva. Sie konnen also nur wiihrend des Geburtsactes oder bei der durch 
die ersten Athernzlige sich andemden Blutcirculation entstehen. Flir das Entstehen 
wiihrend des Geburtsactes wiirde der gro~e Druck, der allseitig auf das Kind ausgelibt 
wird, sprechen, dagegen ware zu erwiihnen, d~ bei schweren Zangengeburten, bei 
Stimlagen, bei sehr gro~en starken Kindem die Hamorrhagien relativ nicht haufiger 
beobachtet werden, als bei kleinen Kindem, bei Friihgeburten, wo die Geburt eine 
verhaltnisma~ig leichte und rasche ist. Meiner Ansicht nach liegt die Ursache in der 
Circulationsanderung und Arterialisirung des Blutes. Ich hatte oft genug Gelegenheit 
zu sehen, wie bei einem Kinde, das blau aussehend (venos) zur Welt kam, und das 
sich nach mehreren Athernzligen rosa farbte, sich nun in der Haut zahlreiche Blutextra
vasate zeigten. Derselbe Vorgang findet wahrscheinlich auch in der Retina statt." 
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C. Bibliographic Notes 

Goldwasser's paper (1914) contains the casuistics and literature of more than 100 titles, 
but only in the original "Dissertation", not in the version printed in Beitrage zur 
Geburtshilfe und Gyniikologie. 

The paper by "M. Caurot" (1956, concours med:) is only an excerpt from the 
paper by Edgar Cavrot (1956, Bruxelles med.). 

The papers of the gynaecologist Koyama and of the ophthalmologists Yohitda, 
Yasuoka und Yoshida are based on the same series; the tables are more extensive in 
the ophthalmologic publication. 

The Russian paper of Pushkash and Sabo is a shortened version of the Hungarian 
original of Puskas and SzabO. The notes about investigations by Frankowska and 
przytula do not contain any details. The two papers by Jain and Gupta (1965) are 
practically identical. The two papers by Krauer-Mayer (1965) are also based on the 
same material. The survey is better in Gynaecolqgica (Basel). 

The two titles of Vincenti and Gavinelli, published in the same year (1969) in 
Minverva Ginecologica 21, consist of an excerpt (pp. 426---427) and the complete 
paper(pp.608-613). 

Neme, Fraga, Salomao, Atzingen and Doneto-Santos published five subsequent 
articles, containing what would normally be different sections of the one article. 

The denomination ''pedes jacobines" of Sourdille for submembranacious haemor
rhages seemed to many bo be somewhat enigmatic. Since several French colleagues 
were unable to attach any significance to this term, one of these (Dr. Besnard) asked 
Dr. Sourdille directly and got the following answer (30.9.1971): 

Je n!ponds a votre demande de rensignements concernant les "perles jacobines" 
decouvertes au fond d 'oeil dans les hematomes sous-duraux du nourrisson. 11 s'agit de 
veritables petits hematomes pre-retiniens spheriques, rappelant des perles de sang rouge 
noir. 

L'epithete de "jacobin" se rMere aux aventures des depouilles des rois de France 
entem!es dans la Basilique de Saint-Denis et qui furent exhumees et jetees a la rue lors 
de la Revolution de 1789. Par analogie abusive entre lacobins, Terreur et sang verse, 
nous avions retenu l'expression de "perles jacobines" car cette description a ete faite 
dans notre Service de l'Hopital de Saint Denis. 

Translated this reads: 

In reply to your request for details on the "perles jacobines" observed in the fun
dus in subdural haematoma of babies: They are actually little preretinal, spheric haem a
tomas, similar to beads of dark red blood. 

The epithet "jacobin" refers to the adventures of sacking [the tombs of] the 
French kings buried in the Basilica of Saint-Denis. They were exhumed and thrown 
into the street during the revolution of 1789. Abusively alluding to the analogy 
between lacobins, terror and bloodshed, we continued to use the expression "Perles 
lacobines" because the description was coined in our department of the hospital of 
Saint-Denis. 
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