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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.
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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.
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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
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for public health policy makers regarding newborn screen-

ing for metabolic diseases.

2. Case Report
21 Case 1l

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

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-
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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

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

Medium chain acyl Co A dehydrogenase (MCAD)
deficiency (fatty acid oxidation disorders)

Cystic fibrosis

Congenital adrenal hyperplasia

Cretinism; abnormal thyroid gland.

Cachexia and spongy myelinopathy of the white matter,

often with demyelination.

Fatty change of the liver and other parenchymal organs.

Meconium ileus with micro colon.

Enlarged adrenal glands.

..r'

Hrab Soctety for Sorensic Sciences and Forensic Wedicine



442

References

1.Gollob MH., Blier L., Brugada R., Champagne J.,
Chauhan V., Connors S., et al. Recommendations for
the use of genetic testing in the clinical evaluation of
inherited cardiac arrhythmias associated with sudden
cardiac death: Canadian Cardiovascular Society/Cana-
dian Heart Rhythm Society joint position paper. Can J
Cardiol 2011;27:232-45.

2.Ali WM. The establishment and practice of forensic
medicine in Iraq. Am J Forensic Med Pathol 1980;1:81-
4.

3.Arnold CG. Two faces of patient advocacy: the cur-
rent controversy in newborn screening. J] Med Ethics
2014;40:558-62.

4.Kuehn BM. After 50 years, newborn screening contin-
ues to yield public health gains. J Am Med Assoc 2013
27;309:1215-7.

5.Zybert K, Mierzejewska E, Sands D. Clinical status and
somatic development of patients with or without me-
conium ileus diagnosed through neonatal screening for
cystic fibrosis. Dev Period Med 2015;19:41-9.

6.Boczar M, Sawicka E, Zybert K. Meconium ileus in
newborns with cystic fibrosis - results of treatment in the
group of patients operated on in the years 2000-2014.
Dev Period Med 2015;19:32-40.

7.Kelly T, Buxbaum J. Gastrointestinal Manifestations of
Cystic Fibrosis. Dig Dis Sci 2015;60:1903-13.

8.Horvath GA, Davidson AG, Stockler-Ipsiroglu SG, Lil-
lquist YP, Waters PJ, Olpin S, et al. Newborn screen-
ing for MCAD deficiency: experience of the first three
years in British Columbia, Canada. Can J Public Health
2008;99:276-80.

9.Wang SS, Fernhoff PM, Hannon WH, Khoury MJ. Me-
dium chain acyl-CoA dehydrogenase deficiency human
genome epidemiology review. Genet Med 1999;1:332-
9.

10. Saudubray JM, Martin D, de Lonlay P, Touati G, Pog-
gi-Travert F, Bonnet D, et al. Recognition and manage-
ment of fatty acid oxidation defects: a series of 107 pa-
tients. J Inherit Metab Dis 1999;22:488-502.

11. Keppen LD, Randall B. Inborn defects of fatty acid
oxidation: a preventable cause of SIDS. S D J Med
1999;52:187-8.

12. Bennett MJ, Powell S. Metabolic disease and sudden,
unexpected death in infancy. Hum Pathol 1994;25:742-
6.

13. Groselj U, Tansek MZ, Battelino T. Fifty years of
phenylketonuria newborn screening - A great success
for many, but what about the rest? Mol Genet Metab
2014;113:8-10

14.Ross LF. 50 years ago in the Journal of Pediatrics: mass
screening for phenylketonuria. J Pediatr 2012;161:433.

15. Al Hafid N, Christodoulou J. Phenylketonuria: a re-
view of current and future treatments. Transl Pediatr
2015;4:304-17.

16. Grosse SD. Showing Value in Newborn Screening:
Challenges in Quantifying the Effectiveness and Cost-
Effectiveness of Early Detection of Phenylketonuria and
Cystic Fibrosis. Healthcare (Basel) 2015;3:1133-57.

17. Al-Shamsi A, Hertecant JL., Al-Hamad S, Souid AK,
Al-Jasmi F. Mutation Spectrum and Birth Prevalence of
Inborn Errors of Metabolism among Emiratis: A study
from Tawam Hospital Metabolic Center, United Arab
Emirates. Sultan Qaboos Univ Med J 2014;14:e42-9.

18. Ben-Rebeh I, Hertecant JL, Al-Jasmi FA, Aburawi
HE, Al-Yahyaee SA, Al-Gazali L., et al. Identification
of mutations underlying 20 inborn errors of metabolism
in the United Arab Emirates population. Genet Test Mol
Biomarkers 2012;16:366-71.

19. Ali BR, Hertecant JL, Al-Jasmi FA, Hamdan MA,
Khuri SF, Akawi NA, et al. New and known mutations
associated with inborn errors of metabolism in a het-
erogeneous Middle Eastern population. Saudi Med J
2011;32:353-9

20. Hertecant JL, Ben-Rebeh I, Marah MA, Abbas T,
Ayadi L, Ben Salem S., et al. Clinical and molecular
analysis of isovaleric acidemia patients in the United
Arab Emirates reveals remarkable phenotypes and four
novel mutations in the IVD gene. Eur ] Med Genet
2012;55:671-6.

..r'

Jrab Society for Sorensic Sciences and Forensic Wedicine




