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Abstract  

Background:  Premature neonates are at risk for brain  
injury both hemorrhagic and ischemic injury. Intracranial  
hemorrhage is the most common abnormal cranial finding  
followed by PVL and hydrocephalus. Considering that most  
of the brain lesions are clinically silent during the neonatal  
period, routine cranial ultrasonography screening may be  
needed to detect a variety of brain lesions in the preterm  
infants.  

Aim:  The aim was to detect cranial ultrasonographic  
findings in preterm infants for initiation of appropriate,  
protective and therapeutic measures.  

Methods and Material:  This study was carried out on all  
preterms infants that were admitted in the NICU of Pediatric  
Department at Tanta University Hospital during the study  
period over one year using cranial US in the first 3 days of  
life and on 7 th, 14th  and 21 st  days of life and after any clinical  
intercurrent events through anterior, posterior and mastoid  

fontanelle with a single operator, who was unaware of any  
clinical data of the studied preterms.  

Results: Most of the preterms were asymptomatic and  
hypotonia was the main symptom among symptomatic pre-
terms. ICH was the most common abnormal CUS finding  
followed by PVL and hydrocephalus. Hydrocephalus was the  
main complication of ICH cases. Regarding the grading of  
ICH, grade III represented the predominant grade. In the  
studied preterms, those with gestational age ≤32 weeks, birth  
weight <_ 1.5 Kg, Hb ≤ 10gm.dL, and mean PCO2  >45 were  
more likely to have abnormal findings on cranial US exam-
ination.  

Conclusions:  Cranial US may be recommended as a  
routine examination in every preterm infant as most of preterms  
with abnormal cranial US findings are asymptomatic. The  
incidence of abnormal CUS findings increases with decreasing  
gestational age, birth weight, APGAR score, Hb, pH and  
HCO3  and with increasing HR, RR, CRP, mean PCO 2  and  
length of stay.  
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Introduction  

PRETERM  birth is defined as childbirth occurring  
at less than 37 completed weeks or 259 days of  
gestation. It is a major determinant of neonatal  
mortality and morbidity and has long term adverse  

consequences for health [1] .  

Morbidity associated with prematurity are enor-
mous and include respiratory, cardiovascular, he-
matological, neurological, nutritional, feeding  
difficulties and infection [2] .  

Children who are born prematurely have higher  
rates of cerebral palsy, sensory deficits, learning  
disabilities and respiratory illnesses compared with  
children born at term. The morbidity associated  
with preterm birth often extends to later life, re-
sulting in enormous physical, psychological and  
economic costs [1] .  

World Health Organization [1]  estimates of  
global rates of preterm births indicate that of the  
135 million lives birth worldwide in 2010, about  
15 million babies were born too early, representing  
a preterm birth rate of  11.1%,  over 60% of preterm  
birth occurred in Sub Saharan Africa and South  
Asia where 9.1 million births (12.8%) annually  
are estimated to be preterm [3] .  

Deaths within the first seven days of life that  
are not related to congenital malformation, 28%  
of them are due to preterm births [4] .  

In Egypt, prematurity was the main cause of  
neonatal mortality (39%) [5] .  

According to UNICEF, 12% of live neonates  
in Egypt were low birth weight, and it was estimat-
ed that about one third of such infants are preterms  
[6] .  
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Brain is vulnerable to many destructive lesions  
in preterm infants which include white matter  
lesions, grey matter lesions, Periventricular Leu-
komalacia (PVL), Germinal Matrix, Intraventricular  

Hemorrhage (GM-IVH) and behavioral and atten-
tion problems [7] .  

Brain ultrasound is well-established method  
for both initial evaluation and follow-up for preterm  

babies [8] .  

Considering that the most of the brain lesions  
are clinically subtle or silent during the neonatal  
period, cranial ultrasound screening may play a  
role in detecting at risk babies of impaired neu-
rodevelopment later in childhood and identifying  
the most significant perinatal risk factors associated  
with brain lesions in order to target the potential  

need for cranial ultrasound at birth [9] .  

Aim and objectives:  
The aim of this work was to detect cranial  

ultrasonographic findings in preterm infants for  
initiation of appropriate protective and therapeutic  
measures.  

Methods and Material  

This study was carried out on all preterm infants  
that were admitted in NICU of Pediatric Department  
at Tanta University Hospital during the study period  
over one year from November 2015 to November  
2016. Inclusion criteria included Preterm infants  
born at less than 37 weeks gestational age. Exclu-
sion criteria included preterm with congenital heart  
diseases and any other heart disease which may  
alter cerebral flow velocities, preterm with congen-
ital STORCH infection, preterm with abnormal  
neurological symptoms and sign and preterm with  
significant dysmorphic features.  

All studied preterm were subjected to full his-
tory taking with special emphasis on gestational  
age, postnatal age, sex, mode of delivery, birth  
weight, premature rapture of membranes, Antenatal  
medications (i.e. steroids, antibiotics, Mg sulphate),  
twin pregnancy, Initiator of preterm delivery (preg-
nancy induced hypertension, preterm labour or  
others) and APGAR score at1 and 5 minutes.  

Thorough clinical examination including neu-
rological examination on admission, measurement  
of head circumference and mean blood pressure  
in the first 7 days of life was done. Complete blood  
count, serum C-reactive protein, serum electrolytes  
(Na, K, Ca, Mg) and capillary blood gases espe-
cially mean PCO2  in the first 7 days of life were  
evaluated.  

Transfontanellar cranial ultrasound evaluation  

was done in the first 3 days of life and on 7 th, 14th  

and 21 st  days of life after any clinical intercurrent  
events, the CUS examination was done by a single  
operator, he was unaware of any clinical data of  
the studied preterms.  

Statistical presentation and analysis was con-
ducted by SPSS V. 24. p-value <0.05 was consid-
ered significant.  

Results  

The 40 pretems in this study, included: Extreme  
preterm one case (2.5%), very preterm 14 (35%)  
and late preterm 25 (62.5%). 21 cases (52.50%)  
were male. 29 cases (72.50%) delivered by CS.  
the mean gestational age was (31.550±2.230), mean  
birth weight was (1.624±0.515) mean SBP was  
(79.059±7.053), mean DBP was (47.588 ±9.430),  
mean hemoglobin was (11.440 ± 1.657), mean C-
reactive protein was (22.545± 16.296), mean PH  
was (7.330±0.095), mean PaCO2  (44.225±9.934),  
mean HCO 3  (26.125±3.791), the mean length of  
stay was (33.025 ± 15.994), 3 cases (82.50%) dis-
charged and 7 cases (17.50%) died (Table 1). There  
was no significant difference regarding CUS find-
ings (normal and abnormal) on comparing the 4  
times of assessment (3 rd , 7th, 

 14th, 21 st) also re-
garding the types of abnormal CUS findings Fig.  
(1), but we found that intracranial hemorrhage was  
the most common abnormal cranial US finding in  

the studied preterms followed by periventricular  
leukomalacia and hydrocephalus Fig. (2).  

Table (1): Characterstics of studied preterms.  

%  

Gestational age:  
Extreme preterm 1 2.50  
Very preterm 14 35.00  
Late preterm 25 62.50  

Sex:  
Male 21 52.50  
Female 19 47.50  

Mode of delivery:  
CS 29 72.50  
NVD 11 27.50  

Range Mean ±  SD  

Mean SBP (mmHg)  70-100  79.059±7.053  
Mean DBP (mmHg)  80-35.7  47.588±9.430  
Length of stay (days)  14-65  33.025± 15.994  
Hb (gm/dL)  15-7  11.440± 1.657  
CRP (mg/L)  48-6  22.545± 16.296  
Mean PaCO2  (mmHg)  60-18  44.225±9.934  
HCO3  (mEq/L)  32-18  26.125±3.791  
pH  7.45-7.14  7.330±0.095  

N  
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Fig. (1): Comparison between the cranial US findings in the  
4 days of assessment.  
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Fig. (2): Abnormal CUS findings in the studied preterms.  

There was a significant increase in detection  
of ICH with progressing timing of assessment and  
with increasing grading and severity where grade  
III represented the predominant grade Fig. (3).  

All the studied preterms were asymptomatic  
for neurological affection on enrollment, however  
only few cases developed abnormal symptoms on  
follow-up where the hypotonia was the main ab-
normal neurological finding among the sympto-
matic preterms Fig. (4).  

On comparing preterms with normal and abnor-
mal CUS findings, gestational age, birth weight,  
length, APGAR score at 1 and 5 minutes, Hb and  
pH were significantly lower in those with abnormal  
CUS compared with those with normal CUS which  
means that lowering of these factors are associated  
with increasing the incidence of abnormal cranial  
US findings especially ICH (Table 2).  

On comparing preterms with normal and abnor-
mal CUS, HR, RR, CRP, mean PCO 2 , HCO3  and  
length of stay were significantly higher in preterms  
with abnormal CUS compared to those with normal  
CUS which means that increasing of these factors  
are associated with increasing the incidence of  
abnormal CUS findings (Table 2).  

In the studied preterms, those with gestational  
age ≤ 32, birth weight ≤ 1.5, Hb ≤ 10 and mean  
PCO2  >45 were more likely to have abnormal  
findings on cranial US examination (Table 3).  

Table (2): Comparison of characteristics and findings in the studied preterms between those  

with normal and abnormal CUS.  

US  t-test or chi-square  

Normal  
Mean ±  SD  

Abnormal  
Mean ±  SD  

t  or  
χ 2 

 

p - 
value  

• Gestational age  32.500± 1.856  29.333± 1.231  5.403  <0.001*  
• Birth weight (Kg)  1.820±0.475  1.167±0.242  4.491  <0.001*  
• Length (cm)  51.732±0.967  49.875± 1.509  4.678  <0.001*  
• APGAR 1 (1min)  4.036± 1.795  1.917± 1.505  3.579  0.001 *  
• APGAR 2 (5min)  7.643± 1.026  4.833±2.855  4.619  <0.001*  
• HR (beat/min)  160.000±0.000  172.500±5.436  –12.388  <0.001*  
• RR (cycle/min)  45.000±0.000  65.833±4.687  –23.943  <0.001*  
• Mean PCO2  in first 7 days of  39.029±3.735  49.425±6.839  –6.222  <0.001*  

life (mmHg)  
• pH  7.374±0.045  7.225±0.100  6.543  <0.001 *  
• HCO3  (mEq/L)  28.333±4.163  25.179±3.255  2.581  0.014*  
• Hb (gm/dl)  11.950± 1.331  10.250± 1.784  3.337  0.002*  
• CRP (mg/l)  14.286± 10.978  37.000± 13.974  –5.176  <0.001 *  
• Length f stay (days)  25.714± 10.270  50.083± 13.951  –6.164  <0.001 *  

* Significant at (p-value <0.05).  
* Highly significant at (p-value <0.001).  
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Table (3): Odds ratio and some parameters in the study.  

US  
Odds  
ratio  

p - 
value  Normal  Abnormal 

N  % N  % 

Gestational age:  
<_ 32  13  46.43  12  100.00  0.035  0.024*  
>32  15  53.57  0  0.00  

Birth weight (Kg):  
<_ 1.5  9  32.14  10  83.33  0.094  0.007*  
>1.5  19  67.86  2  16.67  

Hb (gm/dL):  
<_ 10  2  7.14  7  58.33  0.055  0.002*  
>10  26  92.86  5  41.67  

Mean PCO2  in first 7 days of life (mmHg):  
<_45  27  96.43  2  16.67  135.000  <0.001 *  
>45  1  3.57  10 83.33  

* Significant at (p-value <0.05). * Highly significant at (p-value <0.001).  
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Fig. (3): Comparison between the different grades of ICH  
during the 4 days of assessment (classified on the  
Papile et al., and Volpe et al., degrees).  

Fig. (4): Neurological examination of the studied preterms.  

Discussion  

Neonates born prematurely are at risk of brain  
injury, although advances in neonatal care have  
greatly improved the survival and outcome of these  

vulnerable patients, brain injury still remains a  
major concern. Transfontanelle cranial sonography  
is an important investigation for evaluation of the  
neurological status of neonates and infants, whether  
symptomatic or asymptomatic. The posterior fon-
tanelle and mastoid fontanelle imaging techniques  
are useful for the detection of posterior fossa  
abnormalities and small IVH with normal-sized  
ventricles [10] .  

This study included 40 preterm neonates. All  
the preterm neonates underwent transfontanellar  
cranial ultrasound evaluation in the first 3 days  
of life and on 7 th, 14th  and 21 

st 
 days of life and  

after any clinical intercurrent event. And were  
subjected to history taking, clinical examination,  
laboratory and radiological assessment.  

Our results agree with Vollmer et al., [11]  who  
demonstrated that the increased risk of certain  
intracranial lesions, especially hemorrhagic lesions  

were particularly associated with birth at very low  
gestational age, whereas PVL was distributed be-
tween 24 and 32 weeks of gestation. It also agree  
with Kalyani et al., [12]  and with De Vries et al.,  
[13]  where CUS lesions were detected in the ma-
jority of infants (92%) born <32 weeks of gestation.  

In our study, on comparing preterms with nor-
mal and abnormal CUS, birth weight was signifi-
cantly lower in those with abnormal CUS compared  
with those with normal CUS with (p=<0.001),  
where 10 cases (83.33%) of preterms with abnormal  
CUS findings weighing < 1.5Kg. In agree with our  
results Debbarma et al., (2016)  [14]  showed that  
there was an association between increment of  
birth weight and declining in the incidence of ICH,  
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especially significant in the infants below 1kg, it  

also agree with Bhat et al., [15] , but in a study done  
by Islam et al., [16] there was no significant differ-
ence as regard birth weight in both normal and  

abnormal CUS findings and also gestational age  
and this against our results which may refer to the  

difference in neonatal care between each NICU  

that would allow survival of very preterm infants  

with low birth weight.  

In our study there was a significant difference  

as regard APGAR score where we found that pre-
terms with abnormal CUS findings had lower  
APGAR score at 1 and 5min which is in agreement  
with Brezan et al., [17] study who found that there  
was an inverse relationship between the APGAR  
score at 1 and 5 minutes and both the incidence  

and severity of ICH in the study groups.  

It disagree with Giannakopoulos et al., [18]  who  
showed that infants with a gestational age of less  

than 34 weeks, who were exposed to PaCO 2  values  
of less than 25mmHg during the first 3 days after  
birth, demonstrated a significantly higher incidence  

of PVL compared with infants with lowest PaCO 2  
values greater than 25mmHg (30.76% vs 5.8%,  
respectively).  

In our study there was a significant increase in  

the incidence of abnormal CUS findings among  
preterms with low Hb level with (p=0.002), this  
is agreeing with Horsch S et al., [19]  study which  
showed that abnormal brain lesions were associated  

with low Hb level.  

In this study there was a significant increase  

in the incidence of abnormal CUS findings with  
high CRP level with (p=<0.001) which is against  
Horsch S et al., [19]  study that showed no significant  
difference as regard CRP between the studied  

preterms (normal and abnormal CUS findings).  

In our study all the studied preterms were  

asymptomatic for neurological affection on enroll-
ment, however, on follow-up, 3 preterms developed  
hypotonia, 2 preterms developed convulsions, and  
one of them developed both hypotonia accompanied  

by convulsion, while 85% remained asymptomatic.  

Out of 12 preterms with abnormal CUS, 6 (50%)  

remained asymptomatic. All preterms who devel-
oped neurological manifestations showed abnormal  

findings on CUS examinations.  

This is agree with Brezan et al., [17]  and the  
study of Bhat et al., [15] which demonstrated that  
a significant number of infants with abnormal CUS  

findings (the 20 infants detected with grade I-II  

ICH and 4 out of 7 with grade III-IV ICH or PVL)  

were clinically silent. But in contrast to our results  

the study of Harris et al., [20]  which showed that  
all the infants with IVH and those with PVL in  
their study had either symptoms or perinatal risk  

factors for brain injury.  

We found that the commonest abnormal CUS  
findings in the preterms was ICH followed by PVL  
and hydrocephalus, where hydrocephalus was a  

complication of intraventricular hemorrhage, this  

agree with Sajjadian et al., [21]  study which showed  
that IVH is the most common abnormal brain lesion  

and attendant complications (hydrocephalus) but  
unlike our study most of the cases of IVH in their  

study were grade I IVH which may refer to that  

the CUS is an operator dependent technique and  
this grade may be missed in some cases especially  
that most of preterms with grade I are usually  

asymptomatic.  

Our study results agree with the study of Kumar  
et al., [22]  who showed that IVH was the commonest  
abnormalities among preterms, also he showed  
that hydrocephalus was a complication of IVH.  
Also our results agree with Brezan et al., [17]  who  
demonstrated that almost one quarter of cases were  

diagnosed with one type of ICH, but in disagree  

with our results the subependimal hemorrhages  
represented the majority of cases (40%), also in  

agree with our results he found that post hemor-
rhagic hydrocephalus was only observed in some  
of the subjects with grade III and IV.  

However, we found that there was a significant  
difference in grading of ICH during the times of  

assessment, so according to our study earlier scan-
ning permits use of the information in clinical care  
of the infant while later scanning permits sequential  

evaluation of the progression of an abnormality  

demonstrated early in the neonatal period. Grading  

of ICH in our study classified cases on the Papile  
and Volpe 4 degrees' scale. This agree with Ment  
et al., [23]  who showed that IVH could be detected  
early where approximately 65% of IVH cases were  
detected within the first week when regular US  

was performed at predefined times (1-5 days, 10- 
14 days, 28 days, and term) and also found that  
with timing of assessment more severe grades of  

IVH had been detected.  

There are several limitations of our study, the  

most important being the lack of data on the late  

outcome of prematurity (follow-up until at least 6  
years of age), along with the relatively small  
number of cases.  
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Conclusions:  

From this study, we can conclude cranial US  
may be recommended as a routine examination in  
every preterm infant as most of preterms with  

abnormal cranial US findings are asymptomatic.  

The incidence of abnormal CUS findings increases  

with decreasing gestational age, birth weight,  

APGAR score, Hb, pH and HCO 3  and with increas-
ing HR, RR, CRP, mean PCO 2  and length of stay.  
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