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Abstract
Objectives: Intracranial hemorrhages (ICH) might be the cause of significant psycho-motor or cognitive impairment in 

preterm babies. A 5 year cohort study performed in the IOMC was aimed  at  determining the prevalence and proportion of the 
main types of ICH diagnosed by transfontanelar (TF) ultrasound among admitted preterms, along with the neuro-developmen-
tal effects on a  12 month follow-up period. Material and methods: In the above mentioned period all enrolled newborns were 
examined by TF ultrasound according to a common standardized protocol. The 4 grade Papile ICH classification was used for 
all examined subjects. In order to determine the potential neurological sequels we performed a 12 month neurological follow-
up of all 292 patients in the study group. Results: The prevalence of all types ICH diagnosed by systematic TF ultrasound was 
20.4 %. The most prevalent type of ICH was peri-intraventricular: 40% grade I and  33 % grade II, with no major neurological 
sequels For both the correlation to the neurological outcome was statistically significant (p < 0.05). Severe neurological se-
quels were associated with grade III and IV, but the correlation was found to be statistically significant (p<0,05) only for grade 
IV hemorrhages. A severe neurological outcome was of statistical significance only for the cerebellar hemorrhage outcome, 
although a similar pattern was also observed for the thalamic hemorrhages. Conclusion: Systematic TF screenings for preterm 
is useful for early diagnosis and staging which might improve the management of rehabilitation therapies, and provide appro-
priate information on the disease outcome as well as influencing the quality of parental counseling.
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Introduction

The importance of preterm screening by transfonta-
nelar (TF) ultrasound is sustained by the observation that 
in this vulnerable group, babies who are found to have 
abnormal brain scans are usually asymptomatic. Only 
occasionally these patients develop symptoms (seizures 
or other neurological symptoms) due to a massive intrac-

ranial hemorrhage (ICH). In most countries, the routine 
screening in preterm was imposed by the high incidence 
of intracranial bleeding, first revealed by systematic com-
puterized tomography studies in preterm babies [1,2]. 

Since the early 1980s, as ultrasound became widely 
available, an important number of cohort studies revealed 
a high incidence of all types of intracranial hemorrhages 
in preterm [3,4]. Although in the last years most stud-
ies demonstrate a decrease in the overall incidence, with 
a lower number of parenchymal lesions, the prevalence 
of disability in the survivors remains disproportionately 
high [5,6].

Till now, no systematic studies concerning a preterm 
TF ultrasound follow-up in Romania  have been pub-
lished. The aim of this study is to determine the preva-
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functions, mental retardation, motor retardation, and epi-
lepsy were considered as major neurological sequels.

Data underwent a statistical analysis and results were 
compared to available data in the literature. The Chi-
squared test was performed in order to demonstrate sta-
tistically significant differences between groups. Data are 
presented as number and percents.

Results 

From a total number of 42,360 hopitalizations in the 
5 year  period, 1480 newborns were preterm (3.49%  of 
all admitted children). The ICH diagnosis was estab-
lished in 302 preterms (20.4 %). The early mortality rate 
was 3.3%: from the total study group of 302 preterms, 
10 died between the first 5-7 days following admission. 
The remaining 292 newborns diagnosed with ICH were 
subjected  to the follow-up study according to the above 
mentioned common examination protocol.

The demographic characteristic of the study group 
(295 newborns) are summarized in table I.

The first head ultrasound was performed between 
postnatal day 3 and 8, with a mean of  4.5 days. The vari-
ations in TF examination timing was determined by sev-
eral factors such as the baby condition immediately after 
birth or postdelivery complications. 

The types of  intracranial hemorrhage detected by TF 
ultrasonography (fig 1-5) and neurological sequels asso-
ciated with ICH are summarized in table II.

lence and the proportion of the main types of ICH di-
agnosed by TF ultrasound among preterm newborns 
admitted in the IOMC during a 5 year  period. In order 
to determine the potential neurological sequels, known 
to be associated with some types of ICH, we performed 
a 12 month follow-up of all patients in the study group.

Material and methods

The study performed over a 5 year  period (2006-
2010) in the Ist Pediatric Clinic – Institute for Mother 
and Child Care (IOMC) “Prof. Dr. Alfred Rusescu” Bu-
charest, consisted  of a prospective follow-up of a total 
number of 302 cases.  In the above-mentioned period 
from the total number of 42,360 admitted children, 1480 
were preterm babies, defined as children born at less than 
37 weeks gestational age [7].

All preterms were evaluated by systematic transfon-
tanelar ultrasound. An ICH diagnostic was established in 
302 cases. A neuro-developemental follow-up of this se-
lected subjects was performed during a 12 month period. 

I Informed consent, along with the Ethical Committee 
approval were obtained for all enrolled subjects.

The ultrasound examination was performed ac-
cording to a standardized protocol. Multiple coronal and 
sagital scans through the anterior and posterior fontanels 
were obtained at each examination. Color and pulsed 
wave Doppler interrogation was also performed system-
atically. Aloka SSD 5500 and General Electric Logiq 300 
machines, both with appropriate probes for neonatal head 
examination (5-10 MHz frequency) were used. The TF 
examinations were completed by two specialists, trained 
for newborn and pediatric cranial ultrasound.

The newborns were ultrasonographically first exam-
ined at 3- 8 days postnatal age, then between 14-21 days 
postnatal age, monthly in the first 3 postnatal months, 
and every 3 months between 3-12 months. The ultra-
sound diagnostic criteria used in all cases were based on 
the Papile and Volpe classification [8,9]. A grade I he-
morrhage is strictly confined to the germinal matrix, a 
grade II hemorrhage occupies less than 50% of one of the 
lateral ventricles, in the grade III hemorrhage the lateral 
ventricles are distended more than 50%. Grade IV, sec-
ondary to venous infarction consists of hemorrhage into 
both the ventricular system and cerebral parenchyma.

The neurological examination was performed in 
the same day with the ultrasound diagnosis and every 
3 months till the first birthday. Examinations were per-
formed by the same pediatric neurologist. In the neuro-
logical outcome the minimal neurological sequels were 
considered to be mild motor retardation and/or speech 
and language delay. The cerebral palsy, sensorial dys-

Table I. Study group characteristics (n=292)

Characteristics 
Mean age at the first TF 
examination 4.5 days

Sex ratio M:F 184 (63%) : 108(37%)
Vaginal delivery/caesarian 
section 192 (65,75 %)/100  (34,25 %)

Apgar score at 1 minute
<5 11%
5-7 37%
8-10 38%

not recorded 14%
Gestational age

37-35 w 24.41% (72)
35-32 w 30.14% (88)
< 32 w 45.5% (132)

TF-transfontanelar, w-weeks
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Fig 1. Sagital view: grade I – subependymal he-
morrhage: cyst at the thalamo-caudate groove 
level

Fig 2. Sagital  view: grade II hemorrhage with 
moderate left ventriculomegaly 

Fig 3. Coronal view: grade IV – intraventricular 
hemorrhage with massive echogenic clot inside 
the left lateral ventricle. Asymmetrical  ventricu-
lomegaly.

Fig 4. Coronal view: hydrocephalus secondary 
intraventricular hemorrhage 

Table II. The types of  intracranial hemorrhage an neurological sequels associated to intracranial hemorrhages

Type of  intracranial hemorrhage Minimal neurological sequels* Major neurological sequels ** p value

Grade I, subependimal hemorrhage (n=102) 9 (8, 82 %) 0 <0,05

Grade II intraventricular hemorrhage (n=84) 12 (14, 28 %) 0 <0,05

Grade III intraventricular hemorrhage (n=40) 9 (22, 5 %) 7 (17, 5 %) NS

Grade IV parenchymal hemorrhage (n=29) 6 (20, 6 %) 20 (68, 96 %) <0,05

Cerebellar hemorrhage (n=12) 2 (16, 66 %) 8 (66, 66 %) <0,05

Thalamic hemorrhage (n=8) 4 (50%) 3 (37, 5%) NS

Subarahnoidian hemorrhage (n=6) 2 (40 %) 0 NS

Subdural hemorrhage (n=11) 5 (45, 45 %) 3 (27, 27 %) NS

* Minimal neurological sequels: mild motor retardation, mild speech and language delay 
** Major neurological sequels: cerebral palsy, sensorial dysfunctions (visual and/or auditive), mental retardation, motor retardation, epi-

lepsy.
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Discussions 

The study’s main objective was to determine the 
prevalence and proportion of the main types of ICH 
diagnosed by TF ultrasound among admitted preterms  
over  a 5 year  period. The second endpoint of the study 
was a neuro-developemental assessment on a 12 month 
follow-up for those babies diagnosed with brain injury at 
birth. The prevalence of all types of ICH for a 5 years pe-
riod was 20.4 % on a cohort of 1480 examined preterms. 
According to literature data, the incidence of  peri and 
intraventricular hemorrhages widely ranges from 5% to 
90%, depending on the type of study population [10,11]. 
Although the study cohort was relatively small, the ob-
served 20.4% prevalence is in line with most literature 
data regarding ICH in premature babies.

The following potential risk factors for ICH taken 
into account in the study group will be discussed in the 
above section: gender, delivery type, Apgar score and 
gestational age.

As outlined by several studies, ICH are more frequent 
in males compared to females, especially in those pre-
matures with a low birth weight (<1500 g). Amato et al 
found a 2.5 higher prevalence in low birth weight males, 
compared to females [12]. A more recent study confirms 
this observation and demonstrates that even in the mod-
ern era of neonatology, the male infant mortality remains 
higher along with the long-term neurologic poor progno-
sis. According to the same study, gender differences tend 
to to lose significance at 27 weeks gestation [13]. A pos-
sible explanation of the male predisposition to ICH relies 
in their relative delay in the cerebral vascular maturation 
leading to a difference in the risk of developing ICH 
[8,14]. In our study, we demonstrated a 1.7 higher fre-
quency of ICH in all preterm males. Although the preva-
lence is not as high as in the above-mentioned study, this 

observation confirms the already described vulnerability 
of premature males for this type of complication. 

In our study, more than half of the preterms were 
vaginally delivered, with a higher incidence of ICH, 
compared with those born by caesarian section, as also 
demonstrated by Shankaran et al [15] which described 
a 2.9 higher risk in the first group.  However, other ob-
servations tend to bring different data on this relation-
ship. Studies performed on very low birth weight babies, 
found that the outcome was improved by a lower risk of 
ICH in those deliverd vaginally, compared to caesarian 
section [16,17]. 

The relationship between the type of delivery and the 
occurrence of perinatal ICH seems to depend on several 
factors, the gestational age being considered of major 
significance [18].

Perinatal hypoxia is supposed to be one of the most 
important determinants in the preterm’s  ICH etiology, 
as confirmed by several reports [19,20]. The relation-
ship between a low Apgar score at 1 and 5 minutes and 
the risk of developing ICH is already well documentated 
[20,21]. The Apgar score proved to be a good prognostic 
factor, particularly at 1 and 5 minutes after birth [22]. The 
Apgar score at 1 minute in the study group was less than 
7 in 41.28% of the preterms diagnosed with various types 
of ICH. An inverse relationship between the Apgar score 
at 1 and 5 minutes and both the incidence and severity of 
ICH in the study group was also noticed. According to 
most literature data, the prematurity is known to predis-
pose to intracranial hemorrhages [19,20]. The most im-
portant way of preventing neurological damage in infants 
is to increase gestational age at birth and by this to avoid 
the intraventricular haemorrhage and periventricular leu-
komalacia [23]. 

In our study the babies with a gestational age of less 
than 32 weeks represented almost half of the group. Lit-
erature reviews and published studies [24,25,26] dem-
onstrate the direct relationship between the degree of 
prematurity and the increased ICH risk. It is generally 
accepted that the incidence and severity of the ICH is 
related to both gestational age and birth weight, occur-
ring in 25-30% of patients born at less than 32 weeks 
gestation, with less than1500g [27]. However,  in sev-
eral reports the intracranial hemorrhage prevalence in all 
gestational ages preterms is much more higher, between 
40-45% [28].

On the study cohort of 1480 preterms almost one 
quarter were diagnosed with one type ICH. The most 
prevalent were the peri and intraventricular hemorrhages, 
classified on the Papile and Volpe 4 degrees scale, accord-
ing to their location and severity. Usually, with respect to 
the neurological outcome, the peri and intraventricular 

Fig 5. Sagital view: periventricular leucomalacia 
secondary to severe hypoxia in preterm.



208 Florin Brezan et al Preterm screening by transfontanelar ultrasound – results of a 5 years cohort study

hemorrhages are grossly classified in mild to moderate 
(grade I and II) and severe (grade III and IV).

In the study group, grade I – subependimal hemorrhag-
es represented  40 % of the ICH. Most literature data dem-
onstrate a lower incidence  (around 20 %) of grade I hem-
orrhages in the preterm [28]. Because the TF examinations 
were performed acording to a standardized protocol, the 
risk of over-diagnosing was minimal, however, no com-
plete explanation regarding the high percentage of grade 
I hemorrhages could be found. In the majority of cases, 
the subependimal hemorrhages were incidental  findings, 
with no suggestive clinical symptoms. Subjects with sub-
ependimal hemorrhages generally demonstrated a good 
prognosis, as confirmed by several liteature reports [29], 
although a few studies observed that even in the absence 
of neuroimaging abnormalities, the very low birth weights 
infants have a higher incidence of cognitive and behavio-
ral disabilities which might persist into adolescence and 
adulthood [30]. In our study, minimal neurological sequels 
were observed in 8% of cases and no major neurological 
disabilities were noticed on the 12 month follow-up. The 
correlation between grade I – subependimal hemorrhages 
and the overall good neurological outcome was found 
statistically significant (p < 0.05) in the study group. The 
subjects diagnosed with a grade II intraventricular hem-
orrhage demonstrated a similar pattern with the previous 
group, although the percent of minor neurological sequels 
was slightly higher. No major neurodevelopemental prob-
lems were observed  in the 12 month follow-up. This rela-
tionship was either statistically significant (p<0,05) in our 
study. According to most reported data, both grades I and 
II peri-intraventricular hemorrhages tends to have low/
moderate long-term impact on the cognitive and neuromo-
tor development of the baby. [31-33].

On the contrary, the more severe grade III and IV 
hemorrhages are associated with a poor developmental 
prognosis [33].  In our group the neurological sequels 
were mostly associated to intraventricular grade III and 
IV ICH, with / or without periventricular white matter 
lesions (periventricular leukomalacia - PVL) or post he-
morrhagic hydrocephalus. Grade III hemorrhage was as-
sociated to severe neurological sequels in 17,5 %.  Grade 
IV parenchymal hemorrhage was characterized by an 
overall severe outcome with 89.56 % sequels: 20,6 % 
minor disabilities and 68,96 % major neurological dys-
functions. The correlation was found to be statistically 
significant (p<0,05) only for grade IV hemorrhages. Sev-
eral reports reveal 57-80% severe neurological sequels 
in subjects with a grade IV hemorrhage and 10-20 % in 
grade III  [14,17,18,34].  

Periventricular leukomalacia (PVL) and ventriculom-
egaly developed after birth are known to be associated 

with severe cognitive and motor disabilities [33]. PVL 
represents the most frequent complication of perinatal 
hypoxia in preterm [35,36].  PVL incidence in preterms 
admitted in the intensive care units varies between 4-26%, 
and postmortem examination demonstrates a much high-
er incidence of around 75% [37,38].  PVL associated to 
intraventricular hemorrhage is typically found in extreme 
prematurity or in severe perinatal hypoxia [35,36]. We 
found a prevalence of PVL similar to the existing data in 
the literature. A direct relationship between the presence 
of PVL and the severity of neurological sequels was also 
observed. 

According to the literature, various degrees of post 
hemorrhagic hydrocephalus might complicate the grade 
II, III or IV intraventricular hemorrhages in overall 70% 
of cases [39,40]. In this study post hemorrhagic hydro-
cephalus was only observed only in some of the subjects 
with a grade III and IV.

Patients diagnosed with cerebellar and thalamic he-
morrhages are generally associated with a severe neu-
rological outcome [41]. Our study data were statistical 
significant (p<0.05) only for the cerebellar hemorrhage 
outcome. Although in the study group subdural hem-
orrhage associated 45,45 % minor and 27,27 % major 
neurological sequels, and subarahnoid only 40% minor 
dysfunctions, no statistical significance could be estab-
lished for both.

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. Although early 
brain damage secondary to ICH is nevertheless very im-
portant, neuro-psycho-motor development in humans is 
multifactorial determined, making sometimes the assess-
ment difficult. The role of subtle white matter injury that 
cannot be detected by TF ultrasound but only with MRI  
requires  further investigation .

Conclusions

Although long-term neurological impairment is not 
always present, it is beneficial to understand the preva-
lence and mechanisms of brain injury associated to pre-
maturity, in order to anticipate the long-term develope-
mental problems of this babies.

The lack of any specific treatment of the preterm ICH 
apparently limitate the screening studies to research pur-
poses. However, systematic TF screening proved to be 
useful  for early diagnosis and staging, providing appro-
priate information for early stage prevention strategy, im-
proving the management of rehabilitation therapies and 
influencing the quality of parental counseling.
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This analysis demonstrates once again that prematu-
rity represents a significant health problem, not only in 
terms of associated mortality but also by the short- and 
long-term sequels determining a major burden for the 
health-care system. 

Conflict of interest: none
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