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Abstract
We report the postmortem findings of two infants and 

one child who died in Iraq. In each case, a specific clinical 
diagnosis was never established and all died at home.  None 
of the cases had undergone newborn screening tests for in-
herited diseases.  

In case 1, a 3-day old neonate died without ever passing 
meconium.  Autopsy revealed complete small intestinal ob-
struction due to meconium ileus.  This was most likely due 
to cystic fibrosis.  In case 2, a 6 month old boy died suddenly 
and unexpectedly after developing dehydration from vom-
iting.  Autopsy revealed marked hepatomegaly with fatty 
infiltration that also involved the myocardium and kidney.  

This was most likely due to Medium Chain Aacyl Co-A de-
hydrogenase (MCAD) deficiency.  In case 3, a 12-year-old 
boy died after a progressive neurological disorder of child-
hood.  At autopsy, the body showed cachexia and flexion 
contractions.  The brain showed loss of white matter bulk 
and thinning of the corpus callosum.  The major organs 
showed no abnormalities.  Histologic examination revealed 
only mild spongy change of the white matter.  These find-
ings indicate that the child likely had an organic acidemia, 
most probably phenylketonuria (PKU).  

These cases highlight the critical importance of new-
born screening for inborn errors of metabolism in Iraq, in-
cluding laboratory testing for PKU, MCAD deficiency and 
cystic fibrosis. Such screening can prevent unnecessary 
morbidity and mortality in infants and children.  On this 
basis, forensic pathologists should advocate for widespread 
newborn screening in the Middle East.

الأخطاء  وفح�ص  الجنائي  الأمرا�ص  علم  بين  العلاقة 
الولدة:  حديثي  عند  )ال�ستقلاب(  للاأي�ص  الوراثية 

النعكا�سات على ال�سرق الأو�سط

الم�ستخل�ص
تقدم هذه الورقة تقريراً عن موجوادت ما بعد الوفاة لثلاثة 
وخ�ضعوا  العراق  في  حتفهم  لقوا  الذين  والأطفال  الر�ضع  من 
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�ضريري  ت�ضخي�ص  اأي  هناك  يكن  ولم  ال�ضرعي،  الجثة  لت�ضريح 
محدد في جميع الحالت المدرو�ضة وماتوا جميعاً في المنزل، وكذلك 
الوراثية  الأمرا�ص  ك�ضف  لفحو�ضات  الحالت  من  اأياً  تخ�ضع  لم 
عند حديثي الولدة. في الحالة الأولى؛ توفي الوليد بعمر ثلاثة اأيام 
دون اأن يتبرز العقاق، وك�ضف ت�ضريح الجثة ان�ضداد كامل للاأمعاء 
ذلك  وكان   ،)meconium ileus( العقي  الن�ضداد  ب�ضبب  الدقيقة 
طفل  توفي  الثانية؛  حالة  في  الكي�ضي.  التليف  ب�ضبب  الأرجح  على 
بعمر �ضتة اأ�ضهر فجاأة وب�ضكل غير متوقع بعد معاناته من الجفاف 
مع  ملحوظ   كبد  ت�ضخم  الجثة  ت�ضريح  وك�ضف  التقيوؤ،  نتيجة 
القلب والكلى، وكان  اأي�ضاَ ع�ضلة  ارت�ضاح دهني، وي�ضترك في ذلك 
ذلك على الأرجح ب�ضبب عوز ال�ضل�ضلة المتو�ضطة للانزيم اأ�ضيل كو اآ 
ديهايدروجيناز )MCAD(. وفي الحالة الثالثة؛ توفي طفل يبلغ من 
العمر اثني ع�ضر عاما بعد ا�ضطراب ع�ضبي التدريجي من مرحلة 
 )cachexia( الطفولة، ومن خلال ت�ضريح الجثة تبين وجود دنف
فقدان  الدماغ  واأظهر   ،)flexion contractions( ثنيّة  وتقل�ضات 
الأع�ضاء  تظهر  ولم  الثفني،  الج�ضم  وترقق  البي�ضاء  المادة  معظم 
الن�ضيجية  الدرا�ضة  ك�ضفت  كما  ملحوظة،  تغيرات  اأي  الرئي�ضية 
فقط تغيرات ا�ضفنجية خفيفة للمادة البي�ضاء، وت�ضير هذه النتائج 
باأن الطفل كان يعاني من احم�ضا�ص الدم الع�ضوي  على الأرجح 

 .)PKU(  وعلى الأرجح بيلة الفينيل كيتون
تبرز هذه الحالت الأهمية البالغة لفح�ص الأخطاء الوراثية 
للاأي�ص )ال�ضتقلاب( عند حديثي الولدة في العراق، بما في ذلك 
والتليف   MCAD وعوز   ،PKU من  لكل  المخبرية  الفحو�ضات 
الكي�ضي. ومثل هذه الفحو�ضات يمكن اأن تمنع كلًا من الإمرا�ضية 
هذا  وعلى  والأطفال.  الر�ضع  عند  ال�ضرورية  غير  والوفيات 
الأطفال  لفح�ص  الدعوة  ال�ضرعيين  الأطباء  على  يجب  الأ�ضا�ص 

حديثي الولدة على نطاق وا�ضع في منطقة ال�ضرق الأو�ضط.

1. Introduction
Medicolegal autopsies can provide a variety of types of 

information to benefit society.  The most visible and widely 
recognized value of the autopsy is as a tool to assist in the 
administration of justice.  For example, the results of an au-
topsy can be critically important in a murder trial or other 
legal proceedings.  Information from autopsy can also help 
characterize accidental and suicidal deaths, thereby provid-
ing keys to statistical information that can improve public 
policy aimed at death prevention.  However, the autopsy is 

also often critically important in sudden natural death from 
a variety of causes.  In a specific case, the discovery of the 
disease that caused death may be relevant to the family or 
the health care of the family.  For example, autopsies can 
sometimes reveal an inherited condition that causes unex-
pected death, such as genetically determined cardiomyopa-
thies or channelopathies [1].  Therefore, medicolegal au-
topsies performed in sudden death cases, particularly in the 
young, can discover genetic diseases that may predispose 
to future deaths in the family.  This is an important role for 
the medicolegal autopsy.

In many countries in the Middle East, hospital or 
clinical autopsies are not frequently performed. However, 
medicolegal autopsies are conducted as part of the death 
investigation system [2].  Therefore, medicolegal autopsies 
become even more important as a source of vital informa-
tion in health care for families and society at large.  

In Iraq, the medicolegal death investigation system is 
often called upon to conduct autopsies in cases of sud-
den death.  This includes the death of infants and children 
that occur unexpectedly, but also after protracted illnesses 
when the child dies at home.  Many such cases appear to 
represent children with progressive illnesses, mostly with 
the onset in early life and death from cachexia due to pro-
found neurological impairment.  Many of these children 
appear to have inborn errors of metabolism, neurodegen-
erative disorders, or congenital malformations.  However, 
virtually never is a clinical diagnosis established and medi-
cal intervention is little more than supportive therapy and 
seizure control with medication.   In Iraq, many children 
die under these circumstances each year and undergo medi-
colegal autopsy.  The paucity of clinical diagnoses in these 
cases is mostly due to the lack of capacity in laboratory 
testing in Iraq.  Specifically, there is no centralized public 
health laboratory and the hospital laboratories are at vari-
able states of development. In addition, there is no orga-
nized sub-speciality for pediatric metabolic disorders.

We report the autopsy findings of unexpected death in 
two infants and one child in Iraq.  In each case, a clini-
cal diagnosis was never established and death occurred at 
home after relentless deterioration.  The implications of the 
autopsy findings in these cases provide important lessons 

ال�شرعي،  الأمرا�ض  علم  الجنائية،  الأدلة  علوم  المفتاحية:  الكلمات 
حديثي الولدة، الأي�ض، النعكا�شات، ال�شرق الأو�شط.
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usual but polymicrogyria was not present.  Coronal sections 
of the cerebral hemisphere revealed symmetrical and gener-
alized loss of white matter bulk.  This was associated with 
hydrocephalus ex vacuo.  There was thinning of the corpus 
callosum.  The cerebral cortex and subcortical grey matter 
were unremarkable.  Horizontal sections of the brainstem 
and cerebellum showed atrophy of the basis pontis.  The me-
dulla was unremarkable.  The deep cerebellar white matter 
and the dentate nucleus appeared unremarkable.  Histologi-
cal examination revealed mild spongy change of the deep 
cerebral white matter.  There was no demyelination.  No 
other significant findings were present.  

These findings indicate that the underlying disorder in 
this case was most likely an amino acidopathy or organic 
acidemia.  Indeed, the most likely diagnosis is phenylketon-
uria, although other inborn errors of metabolism (e.g., or-
ganic acidemias) could not be excluded without laboratory 
testing.

3. Discussion
The cases we reported in this paper are all related to 

unexpected deaths for treatable conditions. The deaths re-
sulted because the treatable illnesses were not detected in 
the neonatal period, thus preventing medical intervention 
to prevent death [3, 4]. In case 1, meconium ileus was most 
likely related to cystic fibrosis which escaped detection 
despite the lack of the passage of meconium shortly after 
birth. In addition, there was no newborn genetic screening 
for cystic fibrosis.  Cystic fibrosis is an autosomal domi-
nant disease related to mutations in the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) gene 
resulting in dysfunction in chloride ion homeostasis. The 
result is exocrine pancreatic dysfunction and cystic lung 
disease (bronchiectasis). In addition, the tenacious mucus 
plug can obstruct the lumen in utero and lead to neonatal 
death by bowel obstruction [5-7]. Newborn screening for 
cystic fibrosis involves genetic testing for the causative 
mutation in the CFTR gene. If the disease is detected, med-
ical management can be initiated to prevent complications 
of cystic fibrosis. 

In cases 2 and 3, neonate laboratory screening for dis-
orders of fatty acid oxidation and increased phenylala-

for public health policy makers regarding newborn screen-
ing for metabolic diseases.

2. Case Report
2.1 Case 1

A 3-day old male neonate was born of elective Caesar-
ean section after a normal pre-natal course.  The immediate 
post-natal period was complicated by jaundice.  The neonate 
never passed meconium.  There was vomiting and abdomi-
nal distention.  Death occurred at home.  At autopsy, there 
was impaction of the terminal ileum by a mucous plug in the 
lumen with complete small intestinal obstruction.  A micro 
colon was present.  Death was attributed to meconium ileus, 
most likely due to cystic fibrosis (CF). 

2.2 Case 2
A 6-month old girl was the product of a normal preg-

nancy and delivery.  She developed a flu-like illness with 
vomiting over a period of two days.  There was dehydration 
and reduced food intake.  Death occurred at home.  At au-
topsy, there was dehydration with sunken eyes.  There was 
marked hepatomegaly with marked fatty change of the liver.  
Death was thought to be related to a disorder of fatty acid 
oxidation, likely Medium Chain Acyl Co-A dehydrogenase 
(MCAD) deficiency; but confirmatory testing was not avail-
able.

2.3 Case 3
A 12-year old boy died after progressive neurological 

deterioration that began shortly after birth.  The neurologi-
cal deficits included quadriparesis with flexion contractures, 
generalized wasting, aphasia and mental retardation.  It was 
unclear if seizures were present.  Death occurred at home.  
There was no substantive medical intervention beyond sup-
portive therapy.  The clinical diagnosis was not established.

At autopsy, the body was that of a cachectic, pre-pubes-
cent boy with flexion contractures of the lower limbs and 
generalized disuse muscle atrophy.  There were no dysmor-
phic features or other congenital malformations.  The inter-
nal organs and tissues appeared macroscopically unremark-
able.  The brain weighted 1340 grams and appeared to have 
a slightly more complex pattern of gyral development than 

Seulieman et al.



441

nine concentration in blood or urine was not conducted.   
MCAD is the most common and fatal inherited disorder 
of fatty acid metabolism [8-12]. Typically, the presentation 
is sudden death in a child less than 1 year of age after a 
period of fasting, such as after a mild viral illness, or diar-
rhea.  Newborn screening for MCAD deficiency involves 
genetic testing for the causative mutations. Alternatively, 
the disease can be detected by measuring elevated levels of 
medium chain fatty acids in blood. 

Early detection can prevent premature death from acute 
metabolic derangements such as hypoglycemia.  Other dis-
orders of fatty acid oxidation could not be excluded such 
as: short chain, long chain and very long chain Acyl Co-A 
dehydrogenase deficiencies and abnormalities involving 
carnitine, which is required to transfer fatty acids into the 
inner mitochondrial membrane (e.g., carnitine palmitoyl 
transferase and translocase deficiencies).  However, these 
disorders are rarer than MCAD.

PKU was the first genetic disorder that underwent new-
born screening [13, 14]. Most cases of PKU are caused by 
mutations in the gene in coding for phenylalanine hydroxy-
lase. Sustained elevation of phenylalanine levels are toxic 
to the brain, particularly in the white matter. Unless dietary 
restriction of phenylalanine contained in foods occurs early 
in life, there will be profound mental retardation and other 
severe neurological impairment. In many countries with 
newborn screening programs, cystic fibrosis, MCAD and 
PKU would be detected, thus providing the opportunity to 
intervene and provide life-saving or life enhancing treat-

ment [15, 16]. All the children reported in this paper died, 
in part, due to the lack of newborn screening. 

In the Middle East, ongoing research shows the impor-
tance of newborn screening to detect inborn errors of me-
tabolism in the Arab world [17-20]. This is due to a high 
incidence of genetic disorders due to co-sanguinity, and 
there is a marked prevalence of autosomal disorders as a 
result. In particular, PKU is a common disease. Other in-
born errors of metabolism for considerations in this context 
include the organic acidemias such as propionic, methyl-
malonic, and isovaleric aciduria.  In addition, tyrosinemia 
can present similarly to PKU.

In conclusion, we report 3 cases of death in infancy  
and childhood that most likely could have been avoided 
if a newborn screening program was available in Iraq. The 
main value in these reported cases is that it underscores 
the importance of newborn screening.  Newborn screening 
for congenital illness takes two main forms – physical ex-
amination of the neonate for abnormalities and laboratory 
testing for inborn errors of metabolism (Table-1).  We rec-
ommend that forensic pathologists advocate for newborn 
screening in the Middle East. This will also require the 
development of pediatricians with subspeciality training in 
metabolic diseases
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Table 1- Major autopsy findings of the main inborn errors of metabolism in infants and children.

Disease Pathological findings

Congenital hypothyroidism Cretinism; abnormal thyroid gland.

Phenylketonuria and organic academia, including other 
disorders with the accumulation of small organic molecules

Cachexia and spongy myelinopathy of the white matter, 
often with demyelination.

Medium chain acyl Co A dehydrogenase (MCAD) 
deficiency (fatty acid oxidation disorders) Fatty change of the liver and other parenchymal organs.

Cystic fibrosis Meconium ileus with micro colon.

Congenital adrenal hyperplasia Enlarged adrenal glands.
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