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Abstract
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According to scientific studies, subdural haematoma (SDH) in combination with retinal
haemorrhage and encephalopathy (usually denoted as the triad) during infancy is highly specific
for abusive head trauma/shaken baby syndrome, if a fall from over one meter, a traffic
accident and certain medical conditions have been excluded. Other studies have challenged
this notion since there are witnessed falls from less than one meter which has caused acute
SDH, birth-related SDH which have been confirmed to develop into chronic SDH, and external
hydrocephalus that can be complicated by a spontaneous SDH or an SDH from minor trauma.

These aetiologies have not been taken into consideration in prior studies on abusive head
trauma.

An independent review on infant abusive shaking from the Swedish Agency for Health
Technology Assessment concluded that there was insufficient evidence for determining the
specificity of the triad for isolated shaking.

The aim of this thesis was to increase the understanding of the aetiologies and the
epidemiology of infant SDH. This was accomplished by studying registry data (Paper I and II),
descriptive reviews of infants with SDH (paper I, III and IV) and infants subjected to witnessed
or spontaneously admitted shaking (paper V).

The maximum incidence of fatal AHT in Sweden, 0.6/100 000, was at least 10 times lower
than in other Western countries and the risk of unreported fatal AHT was low (Paper I). A
majority of the deceased infants had neonatal conditions, several were twins and/or preterm, one
had a cerebral vascular condition, and one signs of metabolic disorder (Paper I). Approximately
12 infants every year are diagnosed with SDH beyond the first week of life and the case-fatality
rate for all SDH diagnosis categories is 6.2% (Paper II). Males, preterm born and twins have
a higher risk to develop SDH in general, and those having an abuse diagnosis had increased
odds of being born preterm and small-for-gestational age (Paper II). Chronic SDH has a higher
freqency of male and premature infants and a lower mortality rate than acute SDH (Paper III).
Infants with chronic CSDH, but not with acute SDH, tend to have findings on neuroimaging and
a head circumference that are suggestive of external hydrocephalus complicated by spontaneous
SDH or SDH from minor trauma (Paper IV). Intracranial and ocular findings in infants subjected
to abusive shaking were rare, seen in 2 out of 36 infants, both with pre-existing intracranial
pathology, and of non-specific character (Paper V).

In conclusion this thesis provides evidence that non-abusive aetiologies for SDH in infancy
may have been overlooked in previous research.  
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AHT Abusive head trauma 
 
ASDH Acute subdural haematoma 
 
CSDH Chronic subdural haematoma 
 
CCW Cranio-cortical width 
 
CML  Classical metaphyseal lesion 
 
HC Head circumference 
 
IHW Interhemispheric width 
 
RH Retinal haemorrhage 
 
SDH Subdural haematoma 
 
SCW Sino-cortical width 
 
SSW Subarachnoid space width 
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Introduction 

The aetiology of subdural haematoma (SDH) in infants has been widely de-
bated from the late 19th century and forward. Sherwood reviewed the history 
of chronic SDH stating that it is suspected in an infant with enlargement of the 
head and convulsions. Haemorrhages in the eyegrounds, if present, furnish 
additional evidence to help confirm the diagnosis: ”Chronic subdural haema-
toma occurs most frequently in infants during the first year and in adults past 
middle life. A serosanguinous xantochromic encapsulated fluid is found under 
the dura, which condition in infants often causes enlargement of the head, 
vomiting, irritability, haemorrhages in the eyegrounds, downward displace-
ment of the eyes and symptoms of the central nervous system, the most prom-
inent being convulsions”. Sherwood discussed a wide variety of aetiologies 
for SDH in infants ranging from birth trauma to syphilis, scurvy, colds, prior 
trauma and described an incidence ranging from 2-14 percent in autopsied 
infants. Many authors also found an association to rickets in infants presenting 
with chronic SDH. Sherwood’s own conclusion was that “the aetiology re-
mains obscure” and “no one factor has been found to account for every case” 

[1].  
 
Ingraham and Matson stated that the increasing incidence of SDH during in-
fancy which they encountered was not a true increase, rather that “the fre-
quency with which SDH is found in infancy is proportional the intensity with 
which it is sought” [2]. Furthermore, they stressed the challenge in diagnosis 
considering that many infants had other concurrent diseases including low cal-
cium tetany, infections and malnutrition. They considered that the most com-
mon cause of SDH in infancy was the result of birth trauma.  
 
The hypothesis that shaking can lead to SDH, retinal haemorrhages (RH) and 
encephalopathy, usually denoted as the triad, was first put forward by the neu-
rosurgeon Norman Guthkelch in 1971 [3]. He had noticed that some infants 
which presented with SDH did not have external signs of injury, and proposed 
that shaking was a possible mechanism which could explain the findings in 
absence of external injury. Guthkelch referred to an experiment by the neuro-
surgeon Ayoub Ommaya in which 50 rhesus monkeys had been subjected to 
a single whiplash injury by securing them in a sled and delivering a blow of 
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force to the rear of the sled with a piston. There were 19 monkeys which con-
tracted concussion and of these 15 had visual evidence of surface haemor-
rhages which were primarily subdural and 11 had neck injuries. None of the 
non-concussed monkeys had macroscopic evidence of brain injury [4]. In 
1974 Caffey coined the term Whiplash Shaken Infant Syndrome in an article 
where he cited Guthkelch and Ommaya and referred to a newspaper-story of 
an infant nurse who had confessed to shaking infants. Caffey stated that “Cur-
rent evidence, though manifestly incomplete and largely circumstantial, war-
rants a nationwide educational campaign on the potential pathogenicity of ha-
bitual, casual whiplash shaking of infants” [5]. 
 
After Caffeys article, several studies were published in which the definition 
of abuse versus control was not clearly stated.  

When the notion that the triad is pathognomonic for shaking arose is not clear, 
but RH was mentioned to be pathognomonic for abuse by Eisenbrey in 1979 

[6].  
 
When reading the early literature on shaken baby syndrome, they usually con-
sist of small case-series and lack a proper definition of how the conclusion of 
shaking was drawn [7]. In 1984, Ludwig investigated 20 infants, 14 boys and 
six girls which had met their criteria for shaking (not further stated) [8], none 
of the care-givers had admitted to shaking but three stated that they shook the 
infants in an effort to perform resuscitation and recent accidental injury was 
mentioned in eight cases. However, Ludwig states that “diagnosis depends on 
a high index of suspicion and the physical findings of a bulging fontanelle, 
head circumference greater than the 90th percentile and retinal haemorrhage”.   
 
In Sweden the Stockholm regional guidelines for infant abuse states that “The 
combination of subdural haematoma and brain injuries with oedema or bleed-
ings strongly suggests abuse if a history of a traffic accident or a fall from high 
altitude is missing. If there are also retinal haemorrhages then the diagnosis of 
abuse is from a medical point of view complete” [9].  
 
The first article to question the theory of shaken baby syndrome was a clinical, 
pathological and biomechanical study by Duhaime et al. They investigated 
fatal cases of the shaken baby syndrome and found that all infants had signs 
of impact. Further, they performed a biomechanical comparison of the forces 
from shaking and impact. Whilst impact reached the angular acceleration and 
angular velocity required to cause diffuse axonal injury and subdural haema-
toma in a majority of the cases, shaking alone never came close to the required 
forces [10]. 
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The critique of the shaken baby syndrome sparked again in 1997 when Louise 
Woodward, a 19-year old au-pair was accused and convicted of shaking an 
infant to death [11,12]. Ayoub Ommaya, neurosurgeon and the conductor of 
the experiment on rhesus monkeys, served as one of the expert witnesses on 
behalf of the defence. Ommaya wrote an article a few years later stating that 
his findings in the 1967 article on SDH in rhesus monkeys had been misinter-
preted by Guthkelch and Caffey, considering that the injuries the monkeys 
sustained were comparable to a single impact load and not to shaking. He also 
discussed the potential for short falls leading to SDH [13].  
 
Patrick Barnes, a neuro-radiologist, witnessed on behalf of the prosecution in 
the Woodward trial, stating that the infant had been shaken. He later came to 
change his opinion in the matter and published an article regarding imaging 
of non-accidental trauma and its mimics and discussed the lack of proper evi-
dence for the triad [14].  
 
In the early 2000s, Geddes performed neuropathological studies on infants 
which were supposed to have been shaken. Prior, the injuries seen in these 
infants were believed to be the result of diffuse traumatic axonal injury, but 
when Geddes investigated the infants with suspected AHT she found trau-
matic injuries solely in the infants which had external signs of trauma, the 
infants which lacked external signs of trauma had hypoxic-ischemic injuries. 
The injuries were similar to those seen in infants which had suffered from 
intrauterine hypoxia with the proposed mechanism being global hypoxia, cer-
ebral oedema and increased intracranial pressure leading to venous and capil-
lary blood leakage [15–17]. A similar hypothesis related to brief resolved un-
explained event, commonly referred to as BRUE, has recently been proposed 
to be related to the findings usually associated to shaking [18]. 
 
Further critique arose considering that birth-related SDH appear in up to 45 % 
of asymptomatic infants [19]. One infant had a re-bleed seen at 26 days of age 
(Figure 1), but the authors concluded that SDH in asymptomatic term neonates 
after delivery is limited in size and location. However, as Gabaeff pointed out, 
1/101 infants had a bleeding which is usually attributed to abuse and when 
applying that frequency on the 2 000 000 births that occur every year in the 
United States, the possibility of a re-bleed from a birth-related SDH needs to 
be taken into consideration [20].   
 
Several studies have also confirmed that relatively short falls can cause the 
triad [21–23] 
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Figure 1. Infant with birth-related SDH (A) developing into a unilateral CSDH (B). 
Notice the wide subarachnoid space present in A (7 days) and that the CSDH has re-
placed the already existing space in B (26 days). Reprinted with permission from the 
American Society of Neuroradiology. 

The SBU-report  
In Sweden controversies regarding the shaken baby syndrome arose in the 
early 2010s and as a result several paediatricians asked for an independent 
review by the Swedish Agency for Health Technology Assessment (SBU) 
[24].  
 
The SBU-report, published in 2016, was the first independent review on 
shaken baby syndrome and the conclusions of the report was that there is lim-
ited evidence for isolated shaking being the cause of the triad and insufficient 
evidence for determining the specificity of the triad for isolated shaking, thus 
falsifying the claim of robust scientific support for the triad being pathogno-
monic for shaking. In other words, the SBU was not able to identify any stud-
ies which could be used to estimate the probability that the triad arises from 
shaking as opposed to other proposed aetiologies. One of the main reasons for 
studies being disqualified in the review was lack of proper definition of abuse 
with high risk of circularity bias [25]. The SBU-report received critique from 
some paediatricians, radiologists and ophthalmologist [26], however without 
addressing the major problem of circularity in AHT-studies [27]. Lynøe and 
Eriksson  extended their critique of the methodology used in AHT-studies and 
discussed the algorithm commonly applied [28,29]. An important part of the 
methodology relies on the caregiver’s statement of what has occurred and that 
they lie if they: 
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• Describe a history of trauma which is not accepted by the multidiscipli-
nary team (usually falls < 1 meter) 

• Don’t present a history of trauma 
• Describes a lucid interval between a trauma and the presentation of en-

cephalopathy 
• Changes the story 
• Admits to shaking after a collapse 
 

And that they tell the truth if they: 
 
• Admits to abusing the infant 
• Presents a history of a fall > 1 meter 
 
Using this reasoning the parents are only considered to tell the truth if they 
admit to abusing the infant, which in turn is dependent on several auxiliary or 
ad hoc hypotheses as further discussed by Lynøe et al. [30]. 

The association of classical metaphyseal lesions and rib 
fractures to SDH 
Long before Caffey assumed that the triad was a result of shaking, he had 
noticed an association between SDH and classical metaphyseal lesions (CML) 
in infants without external signs of trauma which he called “metaphyseal fra-
gility” [31]. In 1957, Weston and Hutt studied three infants with CML which 
they suggested to be  the result of obstetric trauma in two cases and direct 
trauma in one case[32]. Astley described it as a generalised bone disease with-
out history of trauma and little disturbance or pain and that the lesions are only 
discovered on X-ray [33]. Silverman assumed that these lesions were the re-
sult of battering [34]. Little was then written regarding occult rib fractures and 
CML being the result of abuse until 1962 when Kempe coined the term “the 
battered child syndrome”, which he claimed should be suspected in any infant 
“exhibiting evidence of fracture of any bone, subdural haematoma, failure to 
thrive, soft tissue swelling or skin bruising, any child which dies suddenly, or 
where the degree and type of injury is at variance with the history given re-
garding the occurrence of the trauma” [35]. 
 
During the 1980s and early 90s, Kleinman published several studies in which 
he ascribed rib fractures and CMLs to shaking and he considered the only 
accepted differential diagnosis to be osteogenesis imperfecta [36–38],  which 
earlier had been mistaken to be caused by abuse [39].  
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The conclusions by Kleinman were challenged by Paterson and Monk who 
argued that the rib fractures and CML are the result of a temporary condition 
in infancy they denoted “temporary brittle bone disease” [40]. Holick et al. 
suggested that hypermobility disease in combination with vitamin-D defi-
ciency is a cause of rib fractures and CML in infants after finding evidence 
that the parents of infants with multiple occult fractures to a larger extent were 
suffering from different forms of hypermobility [41]. Högberg et al. found that 
metabolic bone disease was the major cause of fractures during early infancy 
[42]. 
 
The reasons for the association between SDH and occult fractures in infants 
without a history of trauma has not been systematically studied. Possible ex-
planations are non-reported trauma or non-traumatic conditions predisposing 
for both SDH and certain kinds of fractures.  

The pit-falls of a definitive theory 
Shaken baby syndrome is by many doctors viewed as a definitive theory. Na-
rang et al. made an interview study which showed that 88% of the respondents 
agreed with the statement that SDH, RH and coma or death are caused by 
shaking and that besides a motor vehicle collision, no alternative theories of 
causation are generally accepted [43].  
 
The conclusions which have been drawn regarding shaken baby syndrome are 
a consequence of the prior notion that only shaking can cause these injuries 
[30]. In other words, a connection between shaking and the triad has been 
assumed, developed into a theory and when that theory is being taught in uni-
versities and used by multidisciplinary teams, other findings will start to be-
come associated with the triad, henceforth by proxy to shaking. However, for 
these associations to be viewed as cause and effect, the main assumption needs 
to be correct. If the main assumption is incorrect - in this case simply meaning 
that there are other aetiologies for the triad - circularity bias is enhanced.  
 
An important part of the pathophysiological explanation of the findings and 
symptoms associated to shaken baby syndrome is that they are independent of 
each other. In other words, the SDH is a result of ruptured veins, the RH of 
vitreo-retinal traction and the encephalopathy (e.g. apnoea, seizures, vomiting, 
reduced consciousness) of traumatic brain injury with diffuse axonal damage.  
 
Examples of assumptions which are the result of the main assumption are: 
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• That falls less than 0.9-1.2 meters do not cause the triad [44]. If a care-
giver would provide a history of a fall of less than 1.2 meters then this 
would be viewed as inconsistent with the injuries. Thus this “false history” 
will be seen as further evidence that the triad in fact was a result of abuse, 
and when implemented as a criterion in future study designs result in en-
hanced circularity bias.  
 

• The claim that the time when the head circumference started to increase 
in an infant with SDH, is a key sign in dating a supposed shaking [45], 
thereby ignoring that the increased head circumference could be the result 
of external hydrocephalus and the SDH could have arisen spontaneously 
[46–49]. External hydrocephalus usually presents with increased head 
circumference, bulging fontanelle and downward displacement of the 
eyes [50]. When recalling the advice on when to suspect chronic SDH in 
infants by Sherwood [1] and the characteristics of infants deemed to have 
been shaken by Ludwig [8]   it becomes clear that the presentation could 
represent external hydrocephalus complicated by an SDH.  
 

• The presence of a mixed SDH, which is frequently encountered in cases 
of suspected shaking, has been viewed as proof of shaking at several oc-
casions and an isolated chronic SDH as the result of a prior shaking epi-
sode [51]. Taking in regard another assumption which states that the 
symptoms always occur immediately after the shaking episode [52], it 
does not follow logically that a chronic SDH would be the result of shak-
ing since the chronic SDH is discovered when the infant has symptoms 
and is taken to the hospital. If the symptoms were a result of direct shear-
ing brain injury from shaking, logically they would arise in close proxim-
ity to the shaking and not days or weeks after.  

The base-line for infants to develop spontaneous or 
accidental SDH is not known 
As a result of the SBU-report, the assumed gold standard for defining abuse 
versus accident (the triad) is no longer valid and the base-line for accidental 
or spontaneous SDH in infants is to this date not known. This baseline is re-
quired when estimating the positive predictive value (true positive cases / true 
positive cases + false positive cases).  
The risks of not acknowledging the positive predictive value of findings which 
appear in child abuse were discussed as early as in 1978 [53]. Daniel et al 
warned that in the case of low prevalence the risk of misclassification is very 
high even with good sensitivity and specificity. 
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“If one assumes a one percent prevalence, as did Light, and a 90% Sensitivity 
and 95% Specificity, this would lead to an 85% frequency of false positives 
among all test positives. Unless the negative implications of such labelling can 
be totally removed we doubt that society will tolerate this kind of cost… The 
low prevalence of child abuse combined even with the most optimistic esti-
mates of screening effectiveness implies that any child abuse program will 
yield large numbers of false positives – non-abusing families labelled as abus-
ing or potentially abusing” [53].  
 
Considering that neither the incidences of abuse, accidental SDH or spontane-
ous SDH are known, there is a high risk of false positive cases, especially 
since all other causes for SDH needs to be compared to SDH which unequiv-
ocally can be attributed to abuse.  

The nomenclature of infant abuse 
There have been many denotations for suspected abuse of infants which pre-
sent with a SDH: non-accidental head injury; the whiplash shaken infant syn-
drome; shaken baby syndrome and the most recent; abusive head trauma 

[5,8,54,55]. As discussed by Fleming and Byard in an editorial to Acta Paedi-
atrica, all of them contain a description of intent [56]. They proposed that the 
name should be changed to blunt cranio-cerebral trauma, since it does not im-
ply intent. However, this general term would not further the understanding of 
SDH in infancy considering there are non-traumatic and birth-related causes 
of SDH.  
 
Even though asthma and chronic obstructive pulmonary disease can have a 
similar presentation, we do not use a general term for them because they are 
separate entities with different causes, outcomes and treatments. In other 
words, when studying SDH in infancy, it is important to separate a case with 
acute SDH, shear injury, skull fracture and external injuries from a case with 
chronic SDH and no signs of trauma, as discussed in a response to Fleming 
and Byard [57]. Norman Guthkelch argued that his hypothesis of shaking lead-
ing to the triad had been taken out of proportion and criticised the development 
of the concept, suggesting that the descriptive “retino-dural haemorrhage of 
infancy” would be more appropriate [58]  
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Meta-reviews and case reports in the abusive head 
trauma-literature 
Some meta-reviews have claimed to support the assumption that the triad or 
its components with or without other signs of trauma are specific for AHT 
[59,60]. Even if the results of a review are impressive, they will always be 
limited by the quality of the original studies. If the original studies do not con-
tain a proper method for defining abuse versus control cases, the results of the 
review are invalid.  
 
Considering that AHT has been viewed as a definitive theory, a single case 
report is enough to disprove a statement proposing that except for shaking; a 
motor vehicle collision or multi-story fall are the only accepted alternative 
causes of the findings behind the AHT diagnosis [43]. In other words, one 
corroborated short fall leading to the triad [21–23] is enough evidence to dis-
prove the statement that short falls never cause the triad. All studies which 
have concluded that falls lower than 0.9 meters cannot give rise to the triad 
becomes falsified, considering that this was a criterion to determine abuse ver-
sus accident and where a caregiver presenting a history of a short fall has been 
considered to be lying.  
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Aim of thesis 

As a result of the methodological flaws, circular reasoning in particular, in 
prior studies on AHT, there is a lack of population-based studies which inves-
tigates in what frequency natural causes or accidents could have caused the 
triad or other findings such as rib fractures or classical metaphyseal fractures, 
which are sometimes associated to AHT. Because of the above discussed the-
ory that the triad and rib fractures are highly specific or even pathognomonic 
for AHT, large scale studies with the aim of investigating the incidence of e.g. 
external hydrocephalus as a cause of spontaneous SDH are lacking. Usually 
the knowledge of these findings being the result of natural causes or accidents 
are based on small studies or case reports and are regularly viewed as anoma-
lies. Considering the rarity of these findings in general, all other causes, no 
matter how unusual they are, need to be estimated, to be able to establish a 
base-line for SDH which cannot be attributed to abuse. Subsequently, the out-
comes can be compared to those of definite abuse.  
 
There is a need for further investigation on a larger population to investigate 
the nature of SDH in infants.  

Aim of each paper 
Paper I: To investigate the accuracy of the Swedish death records with regard 
to abusive head trauma.  
Paper II: To analyse subdural haemorrhage (SDH) during infancy in Sweden 
by incidence, SDH category, diagnostic distribution, age, co-morbidity, mor-
tality, and maternal and perinatal risk factors; and its association with acci-
dents and diagnosis of abuse.  
Paper III: To investigate the type of subdural effusion in infants referred to 
medico-legal investigation due to suspected abusive head trauma and compare 
risk factors in infants with acute and chronic SDH. 
Paper IV: To investigate to what extent external hydrocephalus may lay be-
hind findings and symptoms interpreted as signs of abusive head trauma. 
Paper V:  To investigate the hypothesis that shaking causes SDH, RH, en-
cephalopathy, rib fractures, or CMLs, using a definition of physical abuse by 



 21 

shaking that is independent of medical findings. Symptoms and medical find-
ings in infants subjected to admitted or witnessed shaking with or without 
blunt force impact were evaluated to address this question.  
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Material and Methods 

Study design and participants 
Paper I 
The study had a retrospective register-based design in three parts.  
 
• All death certificates from infants (aged 0-1 years) autopsied at the Na-

tional Board of Forensic Medicine in Sweden between 1994-2014 
(n=733) were reviewed regarding SDH. 

• All infants with diagnoses of sudden infant death or unknown cause of 
death (R95, R96.1, R98, 798A and 798X from the ICD-9) were scruti-
nized to exclude a missed diagnosis of SDH. 

• Infants which died between 2006-2013 with undetermined cause of death 
(R99 from the ICD-10), which had not been subjected to medico-legal 
investigation were retrieved from the National Board of Health and Wel-
fare were investigated with regard to place of death, age of the infant and 
why the board had coded the case as undetermined. 

Paper II 
The study had a population-based register design including all infants (aged 
0-1 years) born between 1997-2014 (1 855 267) diagnosed with SDH accord-
ing to the ICD-10. Four referents without diagnosis in the in-patient registry 
were selected for statistical comparison.  Outcome measures were  

 
• Incidence and distribution 
• Co-morbidity 
• Fall accidents by SDH-category 
• Risk factors for SDH during the first week of life 
• Risk factors for SDH for infants older than one week 
• Risk factors for infants with the diagnosis traumatic SDH, acute non-trau-

matic and SDH with abuse diagnosis. 
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Paper III 
This study was a descriptive review of a national series of infants (age 0-1 
years) with an SDH or a hygroma with available neuroimaging at the time of 
diagnosis, that had not been a complication to a traffic accident, a multi-story 
fall, or similar high energy trauma, and that have been recorded in the com-
puterised register of the Swedish National Board of Forensic Medicine be-
tween January 1994 and December 2018. A total of 85 cases comprise the 
study population which were analysed with regard to type of SDH, age at di-
agnosis, sex, prematurity, multiple birth and death. Infants with a subdural 
fluid which was uniformly hyperattenuating compared to adjacent cortex were 
defined as having acute SDH, whilst infants with an iso/hypodensity and 
mixed density fluid were defined as having chronic SDH.  

Paper IV 
The 85 infants identified in Paper III, 69 with chronic SDH and 16 with acute 
SDH, were reviewed with regard to available clinical head circumference 
measurements (HC), HC measured on CT at the time of diagnosis and radio-
logical characteristics of external hydrocephalus, such as cranio-cortical width 
(CCW), sino-cortical width (SCW), frontal interhemispheric width (IHW) and 
subarachnoid space width (SSW). The correlation between the contralateral 
SSW and the ipsilateral CCW and SDH width was investigated in infants with 
unilateral SDH located at the foramen of Monro (n=10).  
Two definitions were used since there is no consensus regarding what radio-
logical criteria to use t diagnose external hydrocephalus. One according to 
Lam et al. which found that these measurements were age dependent and sug-
gested that infants with measurements over the 95th percentile should be re-
garded as suffering from external hydrocephalus [61]. The other definition 
was according to Hussein et al. who did not find an association to age and 
instead suggested that infants with all measurements > 5 mm in combination 
with clinical signs of external hydrocephalus should be used [62].  

Paper V 
This study was a case series of 239 infants which received a maltreatment 
diagnosis according to ICD-10 during 1997-2014. Medical records were re-
trieved from respective hospital. Witnessed shaking was defined as directly 
observed or filmed. Admitted shaking was defined as a spontaneously deliv-
ered history of shaking. The outcomes were frequency of findings on neuroim-
aging, fundoscopy, whole-body x-ray, clinical examination and registered 
symptoms.  
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Statistical analyses and software 
Paper I 
Incidence was calculated as cases per 100 000.  

Paper II 
Incidence was calculated as cases per 100 000. Age distributions and fall-ac-
cidents were visualized using the ggplot2 package in R. The IBM software 
SPSS was used for statistical analysis. Fisher´s exact test or Mantel-Haenszel 
Chi-square were used for non-parametric variables and analysis of variance. 
Maternal and perinatal outcomes were described with crude and adjusted odds 
ratios.  

Paper III 
All analyses and visualizations were carried out in R using the tidyverse and 
rstatix packages. 
Age distributions were visualized with plots using the tidyverse package in R. 
Fisher´s exact test was used to calculate difference between groups. 
The proportional test was used to assess the gender distribution with an ex-
pected male-to-female ratio of 0.5.  

Paper IV 
All analyses and visualizations were carried out in R using the tidyverse, 
rstatix and ggpubr packages. The proportion of infants with CSDH and ASDH 
with normal or increased head circumference were compared with Fisher´s 
exact test. International HC charts with standard deviations were imported into 
R and the HC at the time of diagnosis was plotted. CCW, SCW, IHW and 
SSW were compared using Wilcoxon’s signed ranked test due to non-normal 
distribution of the data. The correlation between the contralateral SSW and 
the ipsilateral CCW and SDH width was calculated with Spearman rank order 
correlation due to non-linearity and non-normal distribution of the data. The 
calculations for normal values found in Lam et al were used to construct a plot 
in which the CCW, SCW and IHW values were inserted. Infants with CCW, 
SCW or IHW > 95th percentile were compared to infants with these measure-
ments < 95th percentile with regard to type of SDH with Fisher´s exact test. 
Infants with CCW, SCW and IHW > 5 mm and increased HC were compared 
with regard to type of SDH with Fisher´s exact test.  
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Paper V 
Plots were created using the tidyverse package in R. The Z-statistic in the 
MedCalc software was used for comparison of the observed sex disproportion 
with an assumed null hypothesis of 50%.   
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Results 

Paper I 
The maximum incidence of lethal AHT, 0.6/100 000 infants, was at least 10 
times lower than in other Western countries. There was a low risk of unre-
ported lethal AHT. Eight of the 12 cases had concomitant disease or perinatal 
illness, five were born prematurely and three were twins.  

Paper II 
The incidence of SDH was 16.5 / 100 000 infants. The case-fatality rate was 
6.2 %. Twenty-four percent of the cases occurred during the first week of life, 
mean and median ages for all SDH were 3.3 and 2.5 months respectively. Male 
sex was overrepresented in all SDH-categories. One third of all infants had a 
reported fall accident. Infants older than one week with the diagnosis acute 
non-traumatic SDH had an association to prematurity, multiple birth and small 
for gestational age. Infants with SDH and abuse diagnosis (14%), had in-
creased odds for being preterm and small for gestational age.  

Paper III 
A majority of the infants had CSDH (79%). Infants with CSDH had signifi-
cantly higher prematurity rate (p<0.05) and a significantly lower mortality rate 
(p<0.001). The proportion of males compared to an expected frequency of 0.5 
was significantly higher in infants with CSDH (p < 0.01) but not in infants 
with ASDH (p = 0.8). The peak incidence for infants with CSDH occurred 
during the third month of life and for infants with ASDH during the first month 
of life.  

Paper IV 
Infants with CSDH had significantly higher CCW, SCW, IHW and SSW than 
infants with ASDH (p < 0.05). The ipsilateral CCW (R = 0.92, p < 0.001) and 
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SDH width (R = 0.8, p < 0.01) was correlated to the contralateral SSW. In-
creased HC was more prevalent in Infants with CSDH (71%) than in infants 
with ASDH (14%) (p < 0.01). Fifty-three infants had clinically recorded HC, 
42, all with CSDH, had at least one measurement ≥ 95th percentile. Twenty 
infants, all with CSDH, had CCW, SCW and IHW > 5 mm and increased HC.  

Paper V 
In total 36 infants had been shaken, six of these also had information indicat-
ing blunt impact immediately after shaking. Two infants, one subjected to iso-
lated shaking and one to both shaking and impact, both with pre-existing vul-
nerability, had possible acute intracranial injury. The infant subjected to iso-
lated shaking was three weeks old and had an acute subarachnoid haemor-
rhage and a bilateral CSDH or hygroma. The infant subject to both shaking 
and blunt impact was born preterm and had non-specific frontal cortical 
changes, a hyperdense SDH, hyperdense subarachnoid haemorrhage, RH and 
suspected cortical vein thrombosis. No infants had clinical or radiological 
signs of extracranial fractures.  
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Discussion 

The aim of this thesis was to investigate the aetiologies and epidemiology of 
SDH during infancy. 
 
The main result was that external hydrocephalus complicated by a spontane-
ous SDH or SDH following minor trauma could be an underestimated aetiol-
ogy of SDH in infants. This was shown by finding a male preponderance (Pa-
per II and III), different risk factors and age distributions (Paper III), number 
of infants with increased HC and significantly higher measurements of CCW, 
SCW, IHW and SSW for infants with CSDH compared to infants with ASDH 
(Paper IV). These findings were not observed in infants exposed to confirmed 
shaking (Paper V). The correlation between the SSW on the contralateral side 
of the SDH to the CCW and SDH on the ipsilateral side of the SDH also indi-
cates that an SDH could replace an already existing widened subarachnoid 
space (Paper IV) (Figure 1 and 2).  

 
Figure 2. Infant with unilateral CSDH (A) and infant with bilateral CSDH (B). No-
tice the wide subarachnoid space on the contralateral side of the CSDH in the infant 
with unilateral SDH and that there still is a subarachnoid space in the infant with bi-
lateral CSDH. See also the similarities between the infant with unilateral SDH (A) to 
the infant in Figure 1 with birth-related CSDH and wide subarachnoid spaces.   
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Findings associated with AHT in infants subjected to witnessed or admitted 
isolated shaking (Paper V) were rare and of non-specific nature, making the 
presence or non-presence of medical findings of limited value for identifying 
or rule out abusive shaking. This is the first study which uses witnessed or 
spontaneously confessed AHT as inclusion criteria and does not rely on diag-
nosis by a multidisciplinary team, i.e. diagnosis based on interpretation of 
findings. One of the 30 infants with isolated shaking had the combination of a 
chronic subdural haemorrhage and an acute subarachnoid haemorrhage. This 
finding indicate that meningeal haemorrhage can be caused by isolated shak-
ing in infants with pre-existing intracranial pathology. There were however no 
infants in the study with isolated shaking which had ASDH.  
 
Fall accidents were reported in a third of all infants diagnosed with an SDH in 
paper II and the most common type of fall was fall being carried. The study 
design did however not make it possible to ascertain whether the clinical find-
ings were in accordance to the reported history of a fall.  
 
The incidence for SDH during infancy in Sweden has been established via an 
extensive registry study (Paper II) and have shown that approximately 16 in-
fants per year develops SDH with a case-fatality rate of 6.2 %. Furthermore, 
the incidence of fatal AHT with SDH (0.6 / 100 000) in Sweden is at least 10 
times lower than in other western countries and the risk for unreported lethal 
AHT is low (Paper I). Six infants in paper I had chronic or mixed density SDH, 
eight had some comorbidity and three were twins which raises the question if 
some of the infants died from natural causes.  

The registry data in Paper II showed that male infants are at higher risk to 
develop SDH, and male sex and small-for gestational age had increased odds 
for an abuse diagnosis. A limit was that the ICD-10 does not differentiate be-
tween acute or chronic SDH. This was addressed in Paper III which showed 
that 79% of the infants referred to forensic medicine with suspected AHT had 
CSDH.  
 
In conclusion, the results of this thesis show that  
 
• Fatal AHT is rare in Sweden compared to other Western countries 

 
• Infantile SDH is rare in Sweden with approximately 12 infants every year 

being diagnosed after the first week of life  
 

• Male sex, prematurity and multiple birth are risk factors for developing 
SDH.  
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• Infants diagnosed with AHT share some risk profile factors with those 
related to CSDH. 
 

• Infants with ASDH and CSDH have different risk profiles.  
 

• External hydrocephalus complicated by spontaneous SDH or SDH after 
minor trauma, birth-related CSDH in infants with wide subarachnoid 
spaces may have been overlooked and misdiagnosed as AHT.  
 

• Isolated abusive shaking is unlikely to cause SDH, RH or fractures in 
healthy infants 

 
Taken together, the results of this thesis indicate that there are two major infant 
populations diagnosed with SDH when excluding birth-related injuries found 
in connection to delivery. One population is characterized by ASDH related 
to blunt force head trauma, with an expected even sex distribution. The other 
is characterized by chronic SDH or mixed density SDH, an overrepresentation 
of male sex, and certain vulnerability factors such as preterm birth, small-for-
gestational age and findings indicative for external hydrocephalus. AHT was 
suspected in both groups, hence the referral to forensic medicine, making it 
possible that there were other explanations for the SDH than abuse in both 
groups, i.e. false positives either due to a fall accident or non-traumatic con-
ditions. The rarity of medical findings in infants subjected to witnessed or ad-
mitted abusive shaking with or without blunt force trauma shows that the non-
presence of SDH and other findings such as fractures or bruises does not rule 
out AHT, i.e. that SDH has a low sensitivity for AHT. If SDH is considered 
to have a high sensitivity for AHT, there is a risk for false negatives. 

Methodological considerations 
The retrospective design of these studies makes them dependent on the infor-
mation which had been registered, with missing data as a consequence. Swe-
dish registries tend to be of high quality, but are not validated for child abuse. 
Paper II includes 1 855 265 infants, extends over several years and has a large 
reference group which provides strength regarding comparisons and comor-
bidity. It does however lack details which are important when studying aeti-
ology. Study III and IV was an attempt to complement this lack of detail. 
There is no consensus on how to diagnose external hydrocephalus on neu-
roimaging which provides some limitation to Paper IV. It is complicated to 
study a criminal act. However, Paper V is unique compared to other studies 
on AHT since it has proven that it is possible to study the outcome after 
known, as opposed to supposed, exposure to shaking. 
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Future perspectives 

Medico-legal implications 
ASDH and CSDH are different entities and need to be evaluated accordingly. 
The current guide-lines for investigating ASDH are acceptable, however it is 
important to take in the evidence that short falls can cause ASDH and to per-
form an MR to rule out central venous thrombosis and vascular malfor-
mations.  
 
The guidelines for investigating the aetiology of CSDH, on the other hand, 
needs to be updated with a risk factor analysis related to pregnancy and neo-
natal period and with a neuroradiological and clinical investigating with atten-
tion to external hydrocephalus or birth-related SDH developing into CSDH.  
 
The majority of the infants in study V did not have any clinical findings or 
symptoms, despite witnessed or confessed abuse by shaking and/or impact.  
Consequently, the absence of SDH, RH or fractures in an infant does not rule 
out abuse, and should not lead to termination of an investigation by the social 
services if there are other circumstances indicating abuse.   

Research implications 
To increase the understanding of infant SDH it is important that future studies 
separate ASDH and CSDH since they are likely, at least to some extent, to 
have different risk factors, outcomes and aetiologies.  
 
Controlled studies with well-defined cases and controls allowing for calculat-
ing the diagnostic accuracy of medical findings have not been performed. The 
results of the present thesis (Paper V) indicate that such studies are possible 
to perform. 
 
This thesis has not investigated the hypotheses related to immaturity and hy-
poxia. Future studies on this issue are of importance.  
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Studies aimed at investigating whether the findings and symptoms constitut-
ing the triad are independent of each other or if the encephalopathy and RH as 
secondary to the intracranial pathology are needed.  
 
The subpopulation of infants with both SDH and fractures needs further char-
acterization. Intracranial pathology and extra-cranial fractures are obviously 
independent of each other and are sometimes clearly the result of trauma. To 
what extent, if any, these findings have non-traumatic cause is a key question 
in the medico-legal setting.  
 
Considering the infrequent occurrence of medical findings in infants subjected 
witnessed abusive shaking or spontaneously confessed abusive shaking, fur-
ther studies on parental risk factors for AHT is an area of interest. Such studies 
may facilitate the detection of parents at risk and thereby contribute to estab-
lishing preventive measures aimed at reducing child abuse.  
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