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1  |  INTRODUC TION

Different mechanisms have been suggested to explain non- birth- 
related infant retinal haemorrhage, some solely involving traumatic 
aetiology and others pointing to either traumatic or non- traumatic 
aetiologies. Proposed mechanisms that are solely traumatic include 
traction forces on the retina exerted by the vitreous body when the 

infant is shaken1,2 or disruption of retinal blood vessels by trans-
mission shock waves along facial bones during blunt impact head 
injury.3 Venous congestion resulting from increased intrathoracic 
pressure during forceful chest compression has also been suggested 
as a mechanism.4

A suggested mechanism that could arise through either traumatic 
or non- traumatic aetiology is leakage from congested retinal veins 
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Abstract
Aim: To test the two prevailing hypotheses regarding the aetiology of infant retinal 
haemorrhage: (a) traction forces exerted by the lens and/or corpus vitreum on the 
retina during infant shaking or (b) retinal vessel leakage secondary to intracranial pa-
thology and raised intracranial pressure.
Methods: Comparison of medical findings and reported type of trauma in infants in-
vestigated for suspected physical abuse with presence (n = 29) or non- presence of 
retinal haemorrhage (RH) (n = 119).
Results: Intracranial pathology was recorded in 15 (13%) of the non- RH cases and in 
27 (97%) of the RH cases (p < 0.0001). All 18 infants with bilateral RH had intracra-
nial pathology. Of 27 infants subjected to witnessed or admitted shaking, two were 
in the group with RH. One had a single unilateral RH and no intracranial pathology. 
The other had bilateral RH and intracranial pathology with non- specific white mat-
ter changes, acute subdural and subarachnoid haemorrhages, and suspected cortical 
venous thrombosis. In 15 RH cases, there was no trauma reported and no findings 
other than RH and intracranial pathology. Accidental blunt head trauma was reported 
in 7 RH cases.
Conclusion: The present study indicates that RH in infants is secondary to intracranial 
pathology of non- specific aetiology.
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because of raised intracranial pressure mediated via the optic nerve 
sheath.5 Examples of traumatic aetiologies include retinal haemorrhage 
associated with subdural haemorrhage in infants injured in witnessed 
fall accidents,6,7 and traffic accidents.,8,9 Nontraumatic aetiologies in-
clude acute meningeal haemorrhage from a vascular malformation10 or 
chronic subdural hematoma (CSDH)/hygroma, or external hydrocepha-
lus with no evidence of trauma11- 13 and infectious disease.14

Despite these possible nontraumatic aetiologies, extensive 
retinal haemorrhage, especially when bilateral, has been claimed 
to be highly specific for infant abusive head trauma (AHT)2,15 and 
described as a cardinal feature of shaken baby syndrome/abusive 
head trauma.1 If such a specificity was the case, one would assume 
that a mechanism implying vitreoretinal traction as a separate local, 
intraocular event could cause RH independently of any intracranial 
pathology. Conversely, if the cause is an extraocular phenomenon, 
such as raised intracranial or intrathoracic pressure, one would ex-
pect the RH to be associated with these extraocular factors.

The purpose of the present study was to investigate the conflict-
ing hypotheses that non- birth- related retinal haemorrhage in infants 
is independent of intracranial pathology, i.e. caused by direct forces 
in the eye vs. retinal haemorrhage being secondary to intracranial 
pathology associated with raised intracranial pressure.

2  |  METHODS

2.1  |  Study design

This is a comparative case series study.

2.2  |  Participants

Infants (ages 1– 365 days) who underwent examination because of 
suspicion of maltreatment during 1997 to 2014 were identified in 
the Swedish National Patient Register by the following ICD- 10 codes 
(Swedish version of International Classification of Diseases 10th ver-
sion): Z03.8K (observation for suspected maltreatment), Y07.9 (mal-
treatment and neglect by unspecified perpetrator), T74.1 (physical 
abuse, confirmed), and Y06 (neglect and abandonment). The medical 
records were requested from the paediatric departments in Sweden.

A total of 337 infants with any maltreatment diagnosis were 
identified, and medical records could be retrieved for 257 (76%). The 
inclusion criterion was that the infant had been examined with both 
fundoscopy and neuroimaging by computed tomography and/or mag-
netic resonance imaging, ultimately leading to inclusion of 148 infants.

2.3  |  Case categorization

The 148 infants were categorized into two main groups with respect 
to the presence (n = 29) or non- presence of retinal haemorrhage 
(RH) (n = 119). The RH cases were divided into unilateral (n = 10) and 

bilateral RH (n = 19) subgroups for further comparisons of the main 
outcome. The examining ophthalmologists’ original reports were not 
always available and when present, not systematically detailed. For 
this reason, RH was not graded beyond unilateral/bilateral.

2.4  |  Outcome

The main outcome was defined as any kind of intracranial pathology, 
including intracerebral haemorrhage, acute subdural haemorrhage, 
chronic subdural haemorrhage, hygroma, acute subarachnoid haem-
orrhage, brain oedema, cortical vein thrombosis, sinus vein throm-
bosis, and contusions.

2.5  |  Covariates

Additional outcomes registered for interpretation of pathogenesis were 
findings and symptoms consistent with raised intracranial pressure, re-
ported type of trauma, signs of head trauma (scalp/facial soft tissue le-
sions and skull fractures), reason for seeking care, age in days, and sex.

Findings consistent with raised intracranial pressure were de-
fined as any statement of papillary oedema, rapidly increasing head 
circumference, sunset gaze, increased suture diastasis, compressive 
effect of extra- cerebral effusion such as midline shift or compressed 
ventricles, alternatively an extra cerebral effusion (subarachnoid 
or subdural) in combination with enlarged ventricles as seen in ex-
ternal hydrocephalus16 or objectively measured or observed raised 
intracranial pressure (such as “fluid emptying under high pressure”) 
during neurosurgical interventions. Symptoms consistent with 
raised intracranial pressure were defined as vomiting, seizures, and 
lowered level of consciousness.

The type of reported trauma was based on statements by care-
givers or witnesses: (a) shaking without blunt force trauma, (b) 
shaking with blunt force trauma, (c) solely blunt force trauma (both 
accidental and non- accidental), and (d) no trauma.

Keynotes

• The exact mechanism behind retinal haemorrhage in 
alleged abusive head trauma is unclear; a study that 
may clarify and possibly distinguish between proposed 
mechanisms is therefore warranted.

• The present study revealed a strong correlation be-
tween presence of retinal haemorrhage and different 
types of subdural effusions. The correlation was appar-
ently independent of underlying aetiology.

• The results emphasize the need for studying infant 
retinal haemorrhage with well- defined abuse cases and 
controls.
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2.6  |  Additional descriptive data

Age in weeks, birth data, history of trauma, and detailed results of 
neuroimaging and ophthalmological examination are reported at the 
individual level for the retinal haemorrhage cases.

2.7  |  Statistics

Fisher's exact test was used to compare proportions, and the 
Wilcoxon rank sum test was used for comparisons of age. R version 
1.2.1114 was employed for all calculations and graphical illustra-
tions of descriptive statistics. A p < 0.05 was regarded as statisti-
cally significant.

2.8  |  Ethics approval and consent to participate

The regional Ethical Review Board in Uppsala approved the study 
(2014– 11– 19 No 382). Approval for ordering medical records was 
obtained by the regional Ethical Review Board in Uppsala (2015– 
11– 18 No 383/2) and by having the personal ID of the case medi-
cal records retrieved after each hospital's approval according to the 
Swedish Public Law and Privacy Act (2009:400).

3  |  RESULTS

3.1  |  General descriptive data

There was no difference in sex distribution between the 29 retinal 
haemorrhage (RH) cases and the 119 non- RH cases, 58% and 59% 
boys, respectively. Neither was there any statistically significant age 
difference between the two groups; the mean age in the RH infants 
was 104 -  median age 82 (range, 16– 355) days. Among the non- RH 
cases, the mean age was 140 -  median age 116 (range, 3– 349) days 
(W = 2060.50; p = 0.09) (Figure 1).

After exclusion of cases without intracranial pathology, the 
mean age for the retinal haemorrhage group was 108 days, and the 
median was 88 (range, 16– 355) days. For the non- RH group, the 
mean age was 122 days, and the median was 119 (range, 19– 294) 
days (W = 210; p = 0.85) (Figure 2).

3.2  |  Reasons for seeking care

Neurological symptoms were the main reason for seeking care for 
all infants who had such symptoms, significantly more frequent 
in the retinal haemorrhage group (RH n = 22 of 29 [76%]; non- RH 
n = 12 of 119 [10%]; p < 0.0001). Other reasons for seeking care in 
both groups were increasing head circumference (RH group: n = 4 
of 29 [14%]; non- RH group: n = 3 of 119 [2.5%]; p = 0.03), concern 
about possible injury after witnessed or admitted abuse by shaking 
or blunt head trauma (accidental or abusive; RH group: n = 2 of 29 
[7%]; non- RH group: n = 51 of 119 [43%]; p = 0.0002), and symp-
tomatic extracranial fractures (RH group: n = 2 of 29 [7%]; non- RH 
group: n = 24 of 119 [20%]; p = 0.11). In the non- RH group, seven 
infants were examined because a sibling had findings indicative of 
abuse, 17 were examined because of bruises, six because of inci-
dental and asymptomatic skeletal findings on x- ray performed in the 
investigation of disease, two were referred for severe crying, and 
one because of burn injury. In two cases, the reason for seeking care 
remained unclear.

3.3  |  Ocular and intracranial findings and 
neurological symptoms

Any kind of intracranial pathology was recorded in 15 (13%) of the 119 
non- RH cases and in 27 (97%) of the 29 RH cases (p < 0.0001). All 19 
infants with bilateral RH had intracranial pathology. Small and isolated 
RH was also found in two infants without intracranial pathology; a 
3- week- old girl with spontaneous vaginal term delivery had two iso-
lated RHs in one eye (Table S1 case 2). Shaking had been admitted, 

F I G U R E  1  Age distribution in infants 
with (n = 29) and without (n = 119) retinal 
haemorrhage
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however without any recorded details of this shaking. The infant was 
asymptomatic, and the reason for seeking care was concern of pos-
sible injury caused by the admitted shaking. The other infant without 
intracranial pathology was an 11- week- old girl with a large head (head 
circumference +3 SD- Table S1 case 21). This infant had only a single 
RH in one eye. There were no neurological symptoms, and the reason 
for seeking care was a symptomatic femur shaft fracture.

Follow- up retinal examinations were reported in only one 
case— an 11- week- old girl with a chronic subdural haemorrhage that 
was surgically decompressed twice, first on day 2, and who later de-
veloped hydrocephalus (Table S1 case 14). At the first examination, 
there were discrete retinal haemorrhages in one eye; on the second 
examination 5 days later and after the child had been transferred 
to foster care, new RHs had developed in the posterior pole of the 

F I G U R E  2  Age distribution of infants 
with intracranial pathology with retinal 
haemorrhage (n = 27) and without retinal 
haemorrhage (n = 15)

TA B L E  1  Distribution of different kinds of intracranial pathology in infants with and without retinal haemorrhage

Intracranial pathology
No RH
(n = 119)

RH all
(n = 29)

RH bilateral 
(n = 19)

RH unilateral 
(n = 10) Fisher's exact testa

Any kind 15 (13%) 27 (97%) 19 (100%) 8 (80%) RH all: (p < 0.0001)
RH bi: (p < 0.0001)
RH uni: (p < 0.0001)

ASAHb 0 0 0 RH all:- 
RH bi:- 
RH uni:- 

ASDHc 1 (0.8%) 1 (3%) 1 (5%) 0 RH all: (p = 0.34)
RH bi: (p = 0.11)
RH uni: - 

CSDHd/hygroma 3 (2.5%) 10 (34%) 4(21%) 6 (60%) RH all: (p < 0.0001)
RH bi (p = 0.001)
RH uni: (p < 0.0001)

Mixed ASDH and CSDH/hygroma with ASAH 3 (2.5%) 2 (7%) 2 (10%) 0 RH all: (p = 0.27)
RH bi: (p = 0.14)
RH uni:

Mixed ASDH and CSDH/hygroma without ASAH 7 (5.8%) 8 (28%) 8 (42%) 0 RH all: (p = 0.002)
RH bi: (p = 0.0001)
RH uni:- 

ASAH and ASDH 1 (0.8%) 3 (7%) 2 (10%) 1 (10%) RH all: (p = 0.02)
RH bi: (p < 0.05)
RH uni: (p = 0.15)

Other (Supplementary table case 2,10, 12, 15, 21) 0 5 (17%) 2 (10%) 3 (30%) RH all:- 
RH bi:- 
RH uni:- 

a“No RH” is reference for all three RH groups.
bAcute subarachnoid haemorrhage.
cAcute subdural haemorrhage.
dChronic subdural haemorrhage.
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same eye. On the third examination on day 14, all RHs had resolved— 
this infant was shunted because of hydrocephalus.

Papillary oedema was rare, described in only three cases, all 
in the retinal haemorrhage group (Table S1 cases 11, 17, and 23). 
One had a chronic subdural haemorrhage/hygroma without any 
component of acute haemorrhage; the two others had mixed 
density— unilateral subdural haemorrhage and tense fontanelles. 
The reason for seeking care was increasing head size in case 23 
and vomiting, seizures, and reduced level of consciousness in the 
other two cases.

3.4  |  Nature of intracranial pathology

For details regarding the types of intracranial pathology and their 
distribution between the two patient groups, see Table 1. A total 
of 42 of 148 infants had an intracranial pathological condition; in 
40 cases this consisted of extra cerebral fluid collections contain-
ing blood elements. The great majority (n = 33, 82.5%) of these had 
blood elements indicating chronicity (chronic subdural haemor-
rhage/hygroma or mixed density chronic and acute subdural haem-
orrhage with or without acute subarachnoid haemorrhage). Isolated 
acute subarachnoid haemorrhage was not described in any of the 
cases, and acute subdural haemorrhage (with or without acute suba-
rachnoid haemorrhage) was rare in both groups, four (14%) in the 
retinal haemorrhage group and two (1.7%) in the non- retinal haem-
orrhage group. Chronic subdural haemorrhage/hygroma as well as 
mixed density acute subdural haemorrhage and chronic subdural 
haemorrhage/hygroma was strongly associated with retinal haem-
orrhage, which applies also to when the isolated unilateral retinal 
haemorrhage group is analysed separately. Three infants had in-
tracranial pathology other than, or in addition to subdural effusions. 
These were brain oedema (Table S1 case 12), contusion, intracere-
bral haemorrhage and chronic subdural haemorrhage (Table S1 case 
10), and contusion (Table S1 case 15).

In three of the retinal haemorrhage cases (Table S1 cases 25, 
28, and 29) and four of the non- RH cases, increased subarachnoid 
space and/or increased ventricle size were noted in the radiolo-
gist's report.

3.5  |  Raised intracranial pressure

A comparison of findings indicative of raised intracranial pressure 
(see Material and Methods for definitions) in infants with intrac-
ranial pathology showed that 16 of 27 (59%) in the retinal haem-
orrhage group and 4 of 15 (27%) in the non- RH group had such 
findings (p = 0.06). Neurological symptoms (vomiting, seizures, 
lowered level of consciousness, apnoea) were recorded in 22 
(76%) of the 29 RH cases and in 12 (10%) of the 119 non- RH cases 
(p < 0.0001). Those with unilateral vs. bilateral RHs differed sig-
nificantly with respect to the presence of neurological symptoms 
compatible with raised intracranial pressure (5 unilateral [45%] vs. 

17 bilateral [94%]; p = 0.006) and clinical and radiological findings 
indicating raised intracranial pressure (3 unilateral RH [30%] vs 13 
bilateral RH [68%]; p = 0.01). Of the 29 infants with RH, 12 (41%) 
had both objective clinical/radiological findings and neurological 
symptoms compatible with raised intracranial pressure. Twenty- 
six (90%) of the 29 infants with RH had any combination of ob-
jective signs and/or neurological symptoms consistent with raised 
intracranial pressure.

Witnessed or admitted physical abuse of any kind was reported 
in 35 (29%) of the 119 non- RH cases and in two (7%) of the 29 RH 
cases (p = 0.005).

Of 27 infants subjected to witnessed or admitted shaking with 
(n = 4) or without (n = 23) blunt force impact, one had bilateral ret-
inal haemorrhage. This infant also had intracranial pathology, in-
cluding ASDH, acute subarachnoid haemorrhage, suspected small 
chronic subdural haemorrhage, suspected cortical vein thrombosis, 
and non- specific white matter changes. Another vaginally delivered 
3- week- old infant subjected to abusive shaking had two isolated ret-
inal haemorrhages without intracranial pathology.

3.6  |  Other cranial findings

Three children, 3, 6, and 8 weeks old, in the retinal haemorrhage 
group had bruising and/or soft tissue swelling in the scalp with un-
derlying skull fracture. Two infants, 24 and 25 weeks old, in the RH 
group had a skull fracture without a bruise or soft tissue swelling. 
Thus, five infants of 29 (17%) in the retinal haemorrhage group had 
a skull fracture. In the non- RH group, 18 of 119 (15%, mean age 
16 weeks, median 15 weeks, range 0– 33 weeks) had a skull fracture, 
10 also with a related soft tissue injury and 3 with intracranial pa-
thology (one chronic subdural haemorrhage, and two acute subdural 
haemorrhage). Nine additional infants had scalp hematoma without 
fracture in the non- RH group, one of whom had intracranial pathol-
ogy (chronic subdural haemorrhage with high attenuating compo-
nents interpreted as fresh blood).

3.7  |  Reported type of trauma

Witnessed or admitted shaking without blunt force impact was re-
ported in one (3%) of the 29 retinal haemorrhage cases (3- week- old 
vaginally delivered infant with unilateral RH and no intracranial pa-
thology, Table S1 case 2) and in 22 (18%) of the 119 non- RH cases 
(p = 0.05). Witnessed or admitted shaking with blunt force was re-
ported in one (3%) of the 29 RH cases (Table S1 case 3) and in three 
(2.5%) of the 119 non- RH cases.

Witnessed or admitted/reported blunt force was documented in 
nine (31%; abusive in 2, accidental in 7) of the 29 retinal haemor-
rhage cases and in 38 (32%; abusive in 26, accidental in 12) of the 
119 non- RH cases.

In the 15 infants who had intracranial pathology without reti-
nal haemorrhage, shaking with or without blunt force trauma was 
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not reported. Blunt force trauma (all accidental falls) was reported 
in eight of these cases. In six of the cases, no history of trauma was 
given. In the last case, a neighbour had informed the social authority 
of maltreatment, but there was no information about trauma in the 
medical records.

4  |  DISCUSSION

4.1  |  Principal findings

In the present study, there was a strong association between retinal 
haemorrhage and intracranial pathological conditions in infants with 
suspected shaken baby syndrome/abusive head trauma. Almost all 
(97%) infants with retinal haemorrhage also had intracranial pathol-
ogy, whereas only a small proportion (13%) without retinal haemor-
rhage did so. Conversely, a large proportion (62%) of infants with 
intracranial pathology also had retinal haemorrhage. Retinal haem-
orrhage without intracranial pathology was found in only two cases. 
In both, the retinal haemorrhages (one in one infant, two in the 
other, Table S1 case 1 and case 2) were unilateral. The retinal haem-
orrhages in the 3 week old infant (Case 2) may have originated at 
birth since retinal haemorrhages may resolve over a period of several 
weeks.17,18 For infants harbouring bilateral retinal haemorrhage, the 
association with intracranial pathology was absolute.

4.2  |  Reasons for seeking care

There were large differences between the groups regarding what 
symptoms and findings that caused care givers to seek health care. 
For the retinal haemorrhage group, the reasons appeared in general 
to reflect more serious intracranial condition than the reasons given 
by the care givers in the non- RH group; neurological symptoms and 
increasing HC were significantly more common as reason for refer-
ral in the RH group, whereas concern that shaking alone or together 
with blunt head trauma had caused an injury was much more fre-
quent in the non- RH group.

There was an overweight of objective findings of injury in the 
non- RH group too; however, these did not indicate severe intracra-
nial conditions, but with extracranial locations, such as extracranial 
fractures, bruises, and incidental and asymptomatic skeletal x- ray 
abnormalities found during investigation of diseases. Moreover, 
some infants were examined because siblings had findings suggest-
ing abuse.

4.3  |  Mechanism of retinal haemorrhage

As discussed in the Introduction, the aim of the present comparative 
case series study was to test the two prevailing hypotheses of the 
mechanism of non- birth- related infantile retinal haemorrhages: vitre-
oretinal traction vs. leakage from congested retinal veins secondary 

to intracranial conditions. The fundamental predicted consequence 
of the latter hypothesis is that cases involving retinal haemorrhage 
should also have intracranial pathology, which was the case in our 
series. However, such an association does not necessarily prove cau-
sality. Unfortunately, follow- up ocular examination was reported in 
only one infant (Table S1 case 14) and demonstrated that new retinal 
haemorrhages did develop after the infant had been transferred to 
foster care. This finding indicates that the infant's retinal haemor-
rhage was secondary to the intracranial pathology and not caused 
by any direct, physical effects on the intraocular contents. In other 
words, the intracranial pathology preceded the retinal haemorrhage, 
and this finding supports the notion of causality between the two. 
In our study, findings indicative of raised intracranial pressure were 
significantly overrepresented in infants with bilateral RH compared 
with those having only unilateral retinal haemorrhage, suggesting a 
dose– response relationship that supports causality.

A study of children age <2 years with retinal haemorrhage showed 
that extensive retinal haemorrhage resolves to being not visible or 
mild within 1 to 2 weeks and does not persist as extensive for longer 
than a few days.19 Thus, if the chain of causality repeated shaking– 
vitreoretinal traction– retinal haemorrhage is valid, the concomitant 
intracranial pathology would be expected to be acute. However, in our 
series, five infants with bilateral retinal haemorrhage had chronic sub-
dural haemorrhage/hygroma without any component of fresh blood. 
This finding is incompatible with a simultaneous development of in-
tracranial and ocular pathology but is compatible with retinal haemor-
rhage being secondary to intracranial pathology leading to intraocular 
vascular leakage. An association between non- acute intracranial pa-
thology and retinal haemorrhage (also extensive) has previously been 
noted in infants with hygroma and external hydrocephalus.11- 13,16 Four 
infants in the present study had purely high density subdural haemor-
rhage on computer tomography, which would normally indicate acute 
subdural haemorrhage, and two of these infants also had acute sub-
arachnoid haemorrhage. This observation might lead to the conclusion 
that the retinal haemorrhages and the intracranial pathology appeared 
at the same time, in other words that the two were independent of 
each other. However, because neuroimaging and ocular examinations 
were not performed in immediate connection to the infant showing 
signs of encephalopathy, the possibility of the retinal haemorrhages 
being secondary to intracranial pathology still remains.

Of 27 infants subjected to witnessed or admitted shaking, only 
one had bilateral retinal haemorrhage, and this infant was preterm 
with both chronic and acute intracranial conditions. Thus, retinal 
haemorrhage as a consequence of vitreoretinal traction does not 
gain support from the results of the present study.

4.4  |  Raised intracranial pressure

Although assuming that infant retinal haemorrhage is secondary to 
intracranial pathology, as our results indicate, the precise mechanism 
of the retinal haemorrhage cannot be determined from the study 
data. However, the high proportion (90%) of infants with retinal 
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haemorrhage who also had findings or symptoms indicative of raised 
intracranial pressure suggests that this factor is important in retinal 
haemorrhage pathogenesis. It has been suggested that a rapid rise in 
intracranial pressure leads to decreased venous drainage of the eyes, 
resulting in vitreous hypertension and retinal or vitreous haemorrhage 
in adults.21- 23 Mena et al.10 have suggested that the same mechanism 
may explain retinal haemorrhage in infants. This mechanism is consist-
ent with the high proportion of mixed density- density subdural effu-
sions in cases of retinal haemorrhage in the present study. A chronic 
subdural haemorrhage/hygroma or external hydrocephalus may be 
complicated by a spontaneous acute haemorrhage,11,12,23- 26 and a re-
cent case report provides convincing evidence that such complications 
can cause extensive retinal haemorrhage.7

As is well known, raised intracranial pressure can lead to symp-
toms of encephalopathy, such as seizures, reduced level of con-
sciousness, impaired breathing, and vomiting. Thus, a rise in the 
intracranial pressure from an acute haemorrhage in a chronic sub-
dural haemorrhage or as a complication of external hydrocephalus 
may trigger symptoms such as vomiting, seizures, intense crying, or 
apnoea. These in turn may add to venous congestion by the Valsalva 
mechanism (vomiting, seizures) or increased brain perfusion as a 
response to hypoxia. In a study describing signs of progressive hy-
drocephalus in 107 children, 33 of whom were infants, retinal haem-
orrhage was not described in any case.27 This observation seems to 
be in line with the hypothesis that retinal haemorrhage results from 
a rapid rise in the intracranial pressure rather than a slowly devel-
oping raised intracranial pressure over days, as suggested by Walsh 
and Hedges.28 The cavernous sinuses are not developed until about 
6– 7 months age and the venous drainage occurs via anastomoses to 
the face and nasopharynx veins.29 Perhaps this anatomical feature 
in the young infants makes them more prone to develop retinal hae-
morrhage in connection with a rapid raise of intracranial pressure.

4.5  |  The lack of papillary oedema

Although the large majority (90%) of our infants with retinal haem-
orrhage had signs and/or symptoms of raised intracranial pressure, 
papillary oedema was described in very few (11%). Because some 
of the infants without papilledema in the present study had raised 
intracranial pressure verified by objective measures during neuro-
surgery, the non- presence of papilledema seems to be of limited 
value for ruling out raised intracranial pressure in infants with retinal 
haemorrhage. Unfortunately, very few studies exist on the presence 
of papilledema in infants with raised intracranial pressure. A rare oc-
currence of papilledema with probable raised intracranial pressure 
has earlier been described among infants with both non- shunted 
and shunted progressive hydrocephalus. In that study, 2 out of 33 
(6%) had papillary oedema, whereas other signs of raised intracranial 
pressure such as tense fontanelle and splayed sutures were much 
more common.27 Furthermore, studies on the optic nerve sheath 
diameter (ONSD) and intracranial pressure have demonstrated that 
a pathologically widened ONSD is rare in young infants as long as 

the fontanels are open.30,31 However, in infants/children with closed 
fontanels, the ONSD correlated well with the intracranial pres-
sure elevation. As a widened ONSD most likely is a prerequisite for 
papilledema, the lack of papilledema in our infants can therefore not 
be taken as a sign of a normal intracranial pressure.

4.6  |  Medico- legal implications

The results of the present comprehensive case series study suggest 
that non– birth- related retinal haemorrhages in infants are second-
ary to traumatic or non- traumatic intracranial pathology associated 
with raised intracranial pressure and that isolated shaking is unlikely 
to cause retinal haemorrhage independently of intracranial pathol-
ogy. Consequently, the presence of retinal haemorrhage provides no 
reliable information about the aetiology of the intracranial pathol-
ogy, and abusive head trauma cannot be inferred solely based on the 
combination of the two.

To move towards evidence- based medico- legal assessment of 
the aetiology of infant intracranial pathology, the examination needs 
to include risk factors for intracranial pathology, such as prematu-
rity, small for gestational age, and multiparity,32 and markers of be-
nign external hydrocephalus, such as rapid increase in head size and 
certain radiological findings.33 The neuroradiological examination 
should also include state- of- the- art procedures for detecting signs 
of vascular malformations and cerebral venous thrombosis.

4.7  |  Strengths and limitations

To avoid a spurious correlation between intracranial pathology and 
retinal haemorrhage, the primary inclusion criterion in this study 
was that infants had to have been examined for the suspicion of 
maltreatment, irrespective of the findings. A drawback with this 
selection procedure is that infants with symptomatic intracranial 
pathology related to trauma corroborated by independent (not by 
acquaintance) observation were few, and cases related to diagnosed 
disease or vascular malformation were not included by definition, 
since shaken baby syndrome/abusive head trauma is regarded as a 
diagnosis by exclusion of non- traumatic causes.

A strength of the present study is the national coverage over a 
long period of 18 years, making it possible to identify several cases 
of suspected maltreatment examined by both neuroimaging and 
fundoscopy. As is always the case, the retrospective study design 
has its limitations. The quality of the information in the medical re-
cords is far from uniform with respect to descriptions of traumatic 
events, neuroimaging, and ocular examination, with the last vari-
able especially making systematic grading of the pattern and extent 
of retinal haemorrhage beyond unilateral vs. bilateral impossible.

The retrospective design also means failure to retrieve medical 
records for all identified cases. The reason for the hospital turning 
down requisitions is unclear, but selection bias from findings or cir-
cumstances unique to the non- provided cases seems unlikely.
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5  |  CONCLUSION

The results of the present study indicate that non- birth- related 
retinal haemorrhage in infants are secondary to intracranial pa-
thology associated with raised intracranial pressure, which may be 
of traumatic or non- traumatic origin and not the result of traction 
forces between the retina and vitreous body acting directly on 
the retinal vessels. Consequently, the presence or non- presence 
of RH cannot be regarded as a reliable basis for determining the 
underlying aetiology of the intracranial pathology. Furthermore, 
retinal haemorrhage is likely to have low sensitivity for detecting 
head trauma and thus also for ruling out infant maltreatment, mak-
ing them of limited value in the investigation of suspected infant 
abuse.
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