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Abusive head trauma (AHT) is the leading 
cause of fatal head injuries and responsible for 
more than half of serious or fatal traumatic brain 
injury cases in children younger than 2 years 
of age.1 According to Chevignard and Lind2, 
long-term outcomes of AHT are death (20-25%), 
spastic hemiplegia or quadriplegia (15-64%), 
intractable epilepsy (11-32%), microcephaly 
with cortico-subcortical atrophy (61-100%), 
visual impairment (18-48%), language disorder 
(37-64%) and cognitive, behavioral and sleep 
disorders (23-59%). Prevention of AHT is of 
utmost importance for saving children from 
mortality and morbidity. The estimated lifetime 
cost of 4,824 cases at ages 0-4 years in 2010 was 
$13,5 billion in the USA.3

In 1946, Caffey4 first documented six children 
with chronic subdural hematoma and fractures 
of long bones in his study. After that other 
authors mentioned this phenomenon.5-7 In 
1962, Kempe et al.8 named it as “battered-child 
syndrome”. In 1971, Guthkelch9 suggested that 
subdural hematoma (SDH) in infants could 
be created by whiplash forces which tear the 
bridging veins. He made this suggestion based 
on Ommaya’s study in 1968 on primates using 
rotational movement of the head on the neck 
to produce concussion and SDH.10 In 1972, 
Caffey11 coined the term “whiplash shaken 
infant syndrome” defined by infants with 
SDH and/or subarachnoid hemorrhage (SAH), 
retinal hemorrhages (RH), with little or no 
external marks of trauma to the head. In 1987, 
Duhaime et al.12 hypothesized that based on 
clinical, pathological data and biomechanical 
models, the rotational acceleration/deceleration 
whiplash injuries do not provide enough 
force to account for the severe injuries of these 
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children and that in severe cases blunt trauma 
must be involved. After this article, the term 
shaken infant/shaken impact emerged. There 
are still debates over whether shaking alone or 
shaking with blunt trauma is required.13-15 The 
etiology of injury is multifactorial (shaking, 
shaking and impact, impact alone, etc.) so that 
the current best and most inclusive term is AHT, 
as recommended by the American Academy of 
Pediatrics.

The aim of this study was to share our 
experience about how to diagnose and handle 
AHT which is rarely diagnosed, and review the 
literature. An informed consent was received 
from the legal guardians. This study was carried 
out in concordance with international ethical 
standards and the World Health Organisation 
Helsinki Declaration. It was approved by The 
Presidency of The Council of Forensic Medicine 
Education and Scientific Research Board 
(Approval No:21589509/2018/709) and the local 
ethics committee of the Medical Faculty of 
Marmara University (Protocol No:1016).

Case Reports

Case 1

A 7-month-old male infant was brought to the 
emergency department with complaints of 
inability to breathe and cyanosis of the lips. At 
the first interview, the mother stated that “After 
I had fed the baby, I left the room. Ten minutes 
later I found him in a color of purple, lying face 
down”. On the presentation to the hospital, 
the infant had tachycardia and tachypnea. 
Glasgow Coma Score (GCS) was 7, his body 
temperature was 36.7 °C. He was intubated 
and was referred to the intensive care unit. His 
blood and cerebrospinal fluid cultures were 
negative for microbiological agents. Complete 
blood count, electrolytes, coagulation tests, liver 
and kidney function tests were also normal. 
Cranial computerized tomography (CT) 
depicted subdural hemorrhage on falx cerebri 
and surface of bilateral cerebellar hemispheres, 
predominantly on the left side. Brain magnetic 
resonance (MR) imaging scan verified the CT 

findings. The neurosurgeon opted conservative 
treatment approach with anti-edema and 
anti-seizure medication. When the retina 
was examined, bilateral intra and pre-retinal 
hemorrhages were found. Both transfontanel 
and abdominal ultrasound (US) findings were 
normal for any other traumatic injuries. Also, 
the full body skeletal survey was negative. 

The pregnancy period of the mother was 
uncomplicated and the infant was born by 
vaginal delivery at term. The birth weight of the 
infant was 2,875 g; there was no ante-, peri-, or 
post-natal medical problems.

Then the infant was directed to the Child 
Protection Unit in the hospital for the 
evaluation of suspected child abuse. In several 
interviews at the Child Protection Unit; the 
mother reported that she was 31-year-old and 
had two marriages. Both of these marriages 
ended in divorce. She had four children from 
these marriages. Two of the children were from 
the first husband. The parental rights of those 
two children were with the biological father. 
The infant was born as the fourth child of the 
mother from her second marriage. The parents 
had divorced and the children were living with 
their mother and the mother’s new partner. The 
partner was an employee of a cargo company 
and was rarely at home, he didn’t care about 
the children. The mother was emotionally and 
economically dependent on the partner. The 
mother didn’t have alcohol or drug abuse. 
According to the history obtained from the 
mother, on that day, she fed the child and put 
him on her shoulders. While she was trying 
to hold the child, he fell down to the ground. 
Two to 3 days later, she realized the deviation 
of the eyes and loss of consciousness of the 
child. She decided to bring the child to the 
emergency unit. These statements of the mother 
were inconsistent with her first interview. The 
follow-up histories of the mother, presence of 
bilateral retinal and subdural hemorrhages and 
no other explanations for presented findings 
were diagnosed as AHT by the council. Then 
the case was reported to Directorate of Family 
and Social Policies Ministry and the public 
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prosecutor. After 20 days in the hospital, the 
infant was taken to state care by social workers. 
When he was being discharged from the 
hospital, as a consequence of global paralysis, 
he got stage 2 spasticity in the upper extremities, 
stage 3 spasticity in the lower right extremity 
and global blindness. 

Two months after discharge, he died and an 
autopsy was performed posthumous, his 
brain was atrophic and the cause of death was 
pneumonia. Figure 1 shows the severity of brain 
atrophy.

Case 2

A 7-month-old female infant was brought to the 
emergency room with complaints of vomiting, 
seizures lasting 10-15 minutes and altered 
mental status. The infant was referred to our 
hospital for further evaluation and treatment. 
At the first interview, the mother stated that 
“the baby had weird movements. Then I shook 
her by holding her feet in order to bring her 
consciousness back and to stop the movements. 
But that attempt was not successful and my 
sister-in-law hit the infant’s back.” 

The infant was presented as being conscious, 
hypotonic, lethargic and pale. Her GSC was 11. 
She was unable to hold her head in an upright 
position. The neurological exam showed 
that she had a right-sided hemiparalysis. 
Her cardiovascular and respiratory systems 
were normal. Cranial CT depicted subdural 
hemorrhage. The infant was referred to the 
intensive care unit to treat the recurrent 
seizures and cranial hemorrhage. Her blood 
and cerebrospinal fluid cultures were negative 
for microbiological agents. Complete blood 
count, electrolytes, coagulation tests, liver and 
kidney function tests were also normal. The 
neurosurgeon opted for conservative treatment 
approach with anti-edema and anti-seizure 
medication. When the retina was examined, 
bilateral pre-retinal hemorrhages were found. 
Brain MR angiography and venography were 
normal. Abdominal US was also normal for 
any other traumatic injuries. Full body skeletal 
survey was negative. The mother’s pregnancy 
was desired and uncomplicated. The infant was 
born at the gestational age of 38 weeks with a 
birth weight of 2,200 g. 

Then the infant was directed to the Child 
Protection Unit in the hospital for the evaluation 
of suspected child abuse. In the interviews in 
the Child Protection Unit; the mother stated 
that she was 39-year-old, had three children, 
and was not working at that time. The father 
was 35-year-old and he was working in a bar. 
The mother explained that the day had been 
very strenuous because the infant had cried 

Fig. 1. Generalized cerebral atrophy progressions 
due to abusive head trauma of case 1: A) a coronal 
non-contrast computerized tomography (CT image), 
4 days after trauma, revealed subacute hypodense 
lesions (arrows indicate lesions), B) a coronal non-
contrast CT image, 68 days after trauma (obtained 
from Marmara University Hospital with permission), 
revealed generalized cerebral atrophy and chronic 
subdural effusion, C) autopsy image, 112 days after 
abusive head trauma (obtained from The Council 
of Forensic Medicine with permission) showed 
generalized cerebral atrophy.
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for long periods of time. While she was trying 
to put the infant to sleep, she started doing 
some spasmodic movements. Then the mother 
grabbed her by her feet and shook her several 
times. She described her shaking as mild. 
Psychiatric examination of the mother revealed 
that she had not shown any psychopathological 
mistreatment of her child. 

The follow-up histories of the mother, presence 
of pre-retinal and subdural hemorrhages and 
no other explanations for presented findings 
were diagnosed as AHT by the Council. Then 
the case was reported to Directorate of Family 
and Social Policies Ministry. After spending 
25 days at the hospital, her condition became 
more stable, seizures were under control and 
she was discharged from the hospital. During 
the medical treatment procedures, social 
investigation report about the family revealed 
that the family provided basic needs for 
children. The neighbors of the family stated that 
they had not witnessed any violence inside the 
family or against the children. Social services 
decided to support and educate the parents 
about child development and how to overcome 
difficult situations. And also social services 
provided them with advisory assistance 
about parental skills. The infant was left in 
her parents’ care and the parents obligated to 

bring her to pediatric neurology and physical 
medicine and rehabilitation clinics for follow-
up examinations. No legal action was taken 
against the family. 

Table I shows the clinical short summary of the 
cases.

Discussion

The diagnosis of AHT is made like any 
other medical diagnosis, by getting all the 
information acquired via clinical history, 
physical examination, and laboratory and 
imaging. Inconsistency between the presenting 
history and the clinical findings is an important 
diagnostic tool for child maltreatment 
including AHT so detailed history including 
follow-up histories are vital for the accuracy 
of diagnosis.16,17 In both of our cases, there was 
an inconsistency between presenting histories 
and follow-up histories. The most common 
history is a minor fall (less than 1.5 m).18 As in 
case 1, the mother dropped the infant from her 
shoulder. But hitherto literature shows us that 
death from minor falls is extremely rare, and the 
majority of these have minor traumatic lesions 
or no lesion.19,20 There is no pathognomonic 
finding for AHT. Compilation of injuries most 
often include SDH, complex retinal hemorrhage 

Table I. Clinical short summary of cases.
Clinical features Case 1 Case 2
Gender Male Female
Age 7 months 7 months
Presenting history Infant lying face down Infant had weird movements

Follow-up history Mother dropped infant from shoulder to 
ground 

Infant cried all day. Mother partly admitted 
to shaking her baby

Cranial 
computerized 
tomography images

Subdural haemorrhage on falx cerebri and 
surface of bilateral cerebellar hemispheres, 
predominantly on the left side

Subdural haemorrhage

Retinal examination Bilateral intra and pre-retinal haemorrhage Bilateral pre-retinal haemorrhage

Social condition of 
the family

Mother had complex psychosocial issues 
(divorced, male-dependent low economic 
income)

Exhausted mother spent all her time with 
infant and house work.

Result Infant was taken from mother’s care, but 
died after two months.

Social services supported family regarding 
child development and parental skills. 
Infant was followed by schedule at hospital
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and/or retinoschisis, rib, metaphyseal or other 
fractures, and soft-tissue injury leads to the 
diagnosis. Findings inconsistent with the 
provided history of trauma and the severity 
and age of the findings provide clues to the 
diagnosis. Subdural hemorrhage is the most 
common finding in AHT, is most commonly 
parafalcine in location and is seen in 90-95 % 
of fatal cases and in 40-55 % of living patients 
where it is imaged by either CT or MRI12,19,21,22, 
but brain parenchymal injury is the most 
important cause of morbidity and mortality.23 
In both of our cases, the babies had subdural 
hemorrhages and in case 1, SDH was on falx 
cerebri and surface of bilateral cerebellar 
hemispheres. A review by Maguire24 mentioned 
that any combination of 3 or more of the apnea, 
retinal hemorrhage, rib, skull, and long-bone 
fractures; seizures; and head and/or neck 
bruising yielded an Odds ratio of >100 (positive 
predictive value for AHT >85%).

Palusci and Covington25 identified that a trigger 
to AHT’s death was crying (20%), disobedience 
(6%), domestic arguments (5%), toilet training 
(4%) and feeding problems (3%). In case 2, the 
mother was exposed to crying for a long period 
of time.

Clinicians should perform a detailed 
examination of external lesions. Lesions to the 
head and face have been associated with AHT, 
and patterns of injury consistent with grabbing, 
choking and blunt trauma should be sought. 
Also, clinicians should keep in mind that the 
absence of external lesion is common.26

The skeletal survey according to guidelines 
should be performed for all children that 
are suspicious for AHT, especially those 
younger than 2 years.27 Suspicion of AHT that 
warrants full-body imaging, does not have 
a similar diagnosis procedure with low-risk 
blunt head trauma.28 In both of our cases, the 
skeletal surveys were found to be normal. If 
the child is brought to a hospital in acutely ill 
condition with severe neurologic symptoms, 
it is recommended to start imaging with 
unenhanced CT with 3-D reformatted images 

of the calvarium29 followed by a full multi-
sequence MRI of the brain and the cervical, 
thoracic and lumbar spine as soon as possible. 
MRI is more sensitive than CT in showing 
parenchymal lesions and early diagnosis of 
brain parenchymal injury is very important for 
preventing morbidity and mortality so children 
who are in a good condition neurologically, 
can be imaged with MR first.30 Also, MRI is 
better in characterizing extra-axial bleeds and 
defining cerebral contusion, laceration and 
other parenchymal brain injuries than CT.

Younger children get more severe cognitive 
and motor function deficits than will older 
children.31 Also, young infants have increased 
the risk for upper cervical injury (generally soft 
tissue or ligamentous).32

Ocular findings in AHT can be orbital and 
lid ecchymosis, subconjunctival hemorrhage, 
anisocoria, and disconjugate eye movements 
and retinal hemorrhages. In the absence of 
head trauma findings, retinal hemorrhage is 
more specific for AHT.33 Retinal hemorrhages 
(RH) are very common findings in AHT and 
are found in 84% of cases.34 The RHs which 
are mostly associated with AHT tend to be 
very multiple in the layers of the retina and 
which can extend to the ora serrata.35,36 The 
RHs are generally bilateral but in some cases 
appear in only one eye. Early detection of 
retinal hemorrhages is very important because 
they can fade rapidly. Generally, intraretinal 
hemorrhages fade rapidly but preretinal 
hemorrhages could persist for many weeks. It is 
recommended that eye examination should be 
done as early as possible, preferably within 24-
48 hrs.37 In case 1, the infant had bilateral retinal 
hemorrhages, in case 2, the infant had bilateral 
pre-retinal hemorrhages.

Differential diagnosis should be done by 
clinicians. Accidental head trauma, medical 
or surgical manipulations, pre- and peri-natal 
conditions, birth trauma, metabolic disorders, 
clotting disorders, tumors, autoimmune 
disorders, infectious diseases, long-term 
shunting of hydrocephalus, and miscellaneous 
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other conditions need to be distinguished 
from AHT. It is compulsory to consider other 
causes and to examine all aspects of the history, 
physical examination, radiological imaging, 
and laboratory studies to exclude other causes 
and the question to be answered is “Is there 
any cause other than AHT to explain the child’s 
medical findings and condition?”. 

When accidental head trauma and AHT 
are compared: 1- skull fractures are equally 
common, but the complex skull fractures are 
more common in AHT; 2- epidural hematomas 
are more common in accidental trauma; 3- 
subdural hematomas are far more common in 
AHT; and 4- subarachnoid, intraparenchymal 
and intraventricular hemorrhage are equally 
common in both AHT and accidental 
trauma.14,38-41

Prevention should be the main aim of dealing 
with AHT. Healthcare providers who work in 
pediatric and emergency departments must 
be educated and trained about identifying 
parents at high risk of child abuse and the 
parents should be taught how to deal with a 
crying baby and the danger of shaking or blunt 
impact on an infant with an undeveloped brain. 
Diagnosis of AHT is also important in countries 
like Turkey where it is rarely diagnosed. Due 
to the fact that diagnosis of AHT is not just a 
constellation of medical symptoms or finding, 
a multidisciplinary approach is needed. 
This multidisciplinary team should include 
pediatricians, neurosurgeons, radiologists, 
ophthalmologists, forensic medicine experts, 
social workers, and other health care 
professionals.
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