
Abstract

Objective: To assess the incidence of periventricular/intraventricular hemorrhage (PIVH) in very low birth 
rate neonates.

Methods: This was a prospective cohort study conducted on a sample of very low birth weight infants over 
a 15-year period. Neonates who did not undergo cerebral ultrasonography, had malformations affecting the 
central nervous system, or died within the first 24 hours of life were excluded. Ultrasonography was performed 
through the anterior fontanelle using an Aloka® 620 scanner with a 5 mHz probe, between days 1 and 3 of life, 
at 7 days, and at 28 days (or at discharge). Incidence was analyzed by means of the chi-square test for trend or 
Cochran-Armitage test and through a simple linear regression model with a logarithmic trendline as the output. For 
assessment of potential associated factors, a variety of obstetric, perinatal, and neonatal data collected between 
1991–1994 and 2002–2005 were analyzed, using the chi-square and Fisher’s exact tests for statistical analysis. 
The significance level was set at 5%.

Results: Of 1,777 very low birth weight infants born during the study period, 1,381 (77.7%) were examined. 
Of these, 289 (20.9%) had PIVH. The yearly distribution of cases showed a progressive decline in incidence, 
from 50.9% in 1991 to 11.9% in 2005 (p < 0.0001). The incidence of PIVH decreased across all weight ranges 
as well as at grades I/II and III/IV. Significant differences in antenatal corticosteroid use, gender (male), weight 
(< 1,000 g), hyaline membrane disease, mechanical ventilation, administration of surfactant, patent ductus 
arteriosus, and sepsis were found.

Conclusion: The incidence of PIVH in very low birth weight infants declined significantly during the study 
period.
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Introduction

Intracranial hemorrhage remains the preeminent 

neurologic condition of newborn infants. Its most 

common manifestation is periventricular/intraventricular 

hemorrhage (PIVH), with other presentations, such as 

subdural, subarachnoid, and cerebellar hemorrhage, being 

less frequent. PIVH occurs almost exclusively in preterm 

neonates, and is closely associated with a multifactorial 

hemorrhagic lesion of the germinal matrix. It is quite rare 

in full-term infants, and its pathophysiology in this group 

is poorly defined.1
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The frequency of PIVH may vary, as it ultimately 

reflects the local context of each intensive care unit and 

the interventions performed on high-risk neonates. In 

the literature, the incidence of this condition is reported 

to range between 3.7 and 44.68%,2-6 whereas Brazilian 

sources report a range of 26 to 51%.7,8

Since the 1980s, PIVH cases have been on a significant 

downward trend, fostered by worldwide improvements in 

neonatal care and by the implementation of potentially better 

practices meant to prevent this condition, despite the growing 

number of liveborn very low birth weight infants.9-11

From 1990 onward, our Neonatology service has 

systematically screened high-risk neonates for PIVH and 

followed trends in the occurrence of this disease. The present 

study reports on our 15-year experience of tracking PIVH 

and points out certain measures that may have contributed 

to changes in its incidence over time.

Methods

This was a prospective cohort study of neonates with a 

birth weight < 1,500 g admitted to a neonatal intensive care 

unit (NICU) between April 1991 and December 2005 who 

underwent transfontanellar ultrasonography for diagnosis 

or screening of PIVH. Neonates were grouped into 250-g 

weight ranges (< 750 g, 751–1,000 g, 1,001–1,250 g, and 

1,251–1,499 g) for comparison of incidence rates.

Neonates with cerebral malformations, those who did 

not undergo ultrasonography, and those who died before 

the 24th hour of life were excluded from the sample.

PIVH was defined as the presence of hyperechoic images 

in the periventricular or intraventricular region consistent 

with the condition on ultrasound examination. Severity was 

graded on a scale of I to IV, with grade I being hemorrhage 

confined to the germinal matrix; grade II, intraventricular 

hemorrhage with no ventricular dilatation; grade III, 

intraventricular hemorrhage with ventricular dilatation; 

and grade IV, intraparenchymal bleeding.2 Hemorrhage 

was considered mild if grade I or II and severe if grade 

III or IV.

Diagnoses were established by means of bedside 

ultrasonography using an Aloka 620® scanner and a 5 mHz 

probe. The PIVH screening protocol followed at our facility 

consists of serial ultrasound assessment of all neonates with 

a birth weight < 1,500 g at 72 hours (or sooner), 1 week, 

and 28 days of age (or at discharge), with a maximum 

acceptable deviation of 24 hours.

Data were recorded in patient charts and later entered 

into the SPSS 7.5 for Windows software application. Sample 

size was not calculated, as this was a study of incidence 

and all children deemed eligible during the study period 

were included. The chi-square or Cochran-Armitage tests 

for trend were used to ascertain whether the incidence 

of PIVH followed an upward or downward trend over the 

study period. Annual incidence was analyzed using a simple 

linear regression model, with a logarithmic trend line as the 

output. The level of significance was set at p < 0.05 with 

a 95% confidence interval.

To investigate factors potentially associated with 

PIVH trends, we analyzed the occurrence of a variety of 

obstetric, perinatal, and neonatal events during two distinct 

timeframes, 1991–1994 and 2002–2005, strategically 

defined so as to characterize the extremes of the data 

collection period. The chi-square test or Fisher’s exact test 

were used as appropriate for statistical analysis and relative 

risk was calculated for between-group differences. 

This study was approved by the Research Ethics 

Committee of the healthcare facility at which it was 

conducted.

Results

A total of 45,652 infants were born during the study 

period, 1,777 of whom with a weight of less than 1,500 g 

(3.9%). Of these, 17.5% were excluded from the sample 

due to early death, 0.9% due to cerebral malformations, 

and 3.8% who did not undergo ultrasound assessment, for 

a final sample of 1,341 neonates.

Across the entire study period, 289 very low birth 

weight infants developed PIVH (20.9%). Analysis of the 

annual distribution of cases revealed a marked, statistically 

significant decline in the incidence of this condition, from 

50.9% in 1991 to 11.9% in 2005 (p < 0.0001). The lowest 

PIVH rate was measured in 2001 (11.6%). Annual incidence 

data and a trendline for the incidence of PIVH over the 15-

year study period are shown in Figure 1.

Analysis of the distribution of PIVH by weight range 

showed the incidence was highest in neonates with a birth 

weight < 750 g (32.6%), and lowest (11.6%) in those with 

a birth weight of 1,251–1,499 g. 

The annual distribution of PIVH cases showed a 

significant decline across all weight ranges. Incidence 

rates declined most markedly in the < 750 g birth weight 

group, and remained most stable in the 1,001–1,250 g 

group (Figure 2).

Analysis of the distribution of PIVH by severity – mild 

(Grade I/II) or severe (Grade III/IV) – revealed a statistically 

significant decrease in frequency in both groups. This 

downward trend was more pronounced for the milder forms 

of PIVH, as shown in Figure 3. These milder forms of the 

condition were predominant in infants with a birth weight 

of > 1,000 g, while the more severe forms were more 

common in lower weight ranges.

Statistically significant differences in obstetric, perinatal, 

and neonatal variables between periods I (1991–1994) and 

II (2002–2005) are shown in Table 1.
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Figure 1 -	 Overall incidence and trendline of periventricular/
intraventricular hemorrhage, 1991–2005

Figure 3 -	 Incidence and trend lines  for mild and severe 
periventricular/ intraventricular hemorrhage, 1991–
2005

Figure 2 -	 Trendline of periventricular/intraventricular hemorrhage, 
by year, according to birth weight

Discussion

This study included a substantial number of infants 

at high risk of PIVH. Neonates who died before the 24th 

hour of life were excluded because some time must elapse 

between the onset of bleeding and its becoming visible on 

ultrasound examination, as ultrasonography actually detects 

clot formation. Although most cases of PIVH are known 

to occur within the first week of life, the exact timing of 

bleeding is still a point of contention.1,12

The rate of sampling loss throughout the 15-year study 

period was quite low (3.8%), which may be explained by the 

fact that all ultrasound examinations were performed at the 

bedside, without interfering with the dynamics of neonatal 

care. Adequate training of two service neonatologists 

enabled systematic adherence to the study protocol without 

depending on other providers. It should also be noted that 

transfontanellar ultrasonography is an excellent method for 

diagnosis of PIVH with sensitivity and specificity comparable 

to those of magnetic resonance imaging for detection of 

cerebral hemorrhage in preterm neonates.12

The aforementioned loss rate does not appear to have 

skewed the study results, as it was relatively homogeneous 

over time. Furthermore, the subjects lost to follow-up were 

generally in higher birth weight ranges and at lower risk 

of PIVH; their ultimate influence on incidence data may be 

considered negligible.

Our choice of birth weight as a parameter for stratification 

is justified by the unreliability of gestational age assessment. 

Theoretically, gestational age would be the most relevant 

variable, as the most intense proliferation of the germinal 

matrix (the site of PIVH) occurs between weeks 26 and 

32 of development. This period is followed by involution 

of the matrix, which would decrease the risk of bleeding. 

However, assessment of gestational age in our setting is 

based on somewhat unreliable methods: menstrual history, 

fetal ultrasonography, and clinical examination. In light of 

this universal issue, birth weight is the variable most often 

used to define groups at high risk of PIVH.

Over the study period, the incidence of PIVH in very low 

birth weight (< 1,500 g) neonates declined significantly, 

from 51% in 1991 to 12% in 2005. This decline occurred 

despite increased survival of preterm neonates at our 

service; the proportion of extremely low birth weight infants 

among all liveborn neonates remained practically constant 

throughout. 

Analysis of the distribution of PIVH by weight range 

revealed it was markedly predominant in lower-weight 

infants; this is consistent with the current literature. The 

incidence of PIVH followed a downward trend across all 

weight ranges. However, comparison between these ranges 

Incidence of peri/intraventricular hemorrhage - Marba ST et al.

PIVH = periventricular/intraventricular hemorrhage.

PIVH = periventricular/intraventricular hemorrhage.

PIVH = periventricular/intraventricular hemorrhage.
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	 Period I	 Period II	 p	 RR (95%CI)

Maternal age > 20 y	 88 (83.0%)	 37 (74.5%)	 0.2712	 0.85 (0.62–1.17)

No prenatal care	 23 (22.6%)	 8 (16.3%)	 0.375	 0.89 (0.69–1.13)

Hypertension	 29 (27.4%)	 13 (26.5%)	 0.914	 0.99 (0.78–1.25)

Antenatal CS	 25 (23.6%)	 28 (57.1%)	 0.0001	 0.59 (0.44–0.80)

Vaginal delivery	 55 (51.2%)	 25 (49.0%)	 0.736	 0.96 (0.78–1.19)

Singleton pregnancy	 87 (72.0%)	 40 (81.6%)	 0.946	 0.99 (0.75–1.31)

Male gender	 68 (64.0%)	 19 (38.8%)	 0.003	 0.71 (0.56–0.91)

Birth weight ≤ 1,000 g	 37 (35.0%)	 29 (59.2%)	 0.004	 1.38 (1.09–1.76)

Gestational age < 32 wks	 90 (85.0%)	 46 (93.9%)	 1.000	 1.01 (0.63–1.62)

Resuscitated at birth	 59 (55.7%)	 31 (63.7%)	 0.372	 1.10 (0.89–1.36)

HMD 	 42 (27.6%)	 33 (67.3%)	 0.001	 1.43 (1.14–1.8)

Mechanical ventilation	 54 (42.5%)	 43 (91.5%)	 < 0.0001	 1.70 (1.42–2.5)

Surfactant use	 6 (5.6%)	 32 (65.3%)	 < 0.0001	 5.41 (2.59–11.32)

Infection	 46 (43.4%)	 36 (73.5%)	 0.0004	 1.47 (1.18–1.82)

PDA	 17 (16.0%)	 24 (49.0%)	 0.0001	 1.88 (1.29–2.74)

Table 1 -	 Obstetric, perinatal, and neonatal variables, 1991–1994 (period I) and 2002–2005 (period II)

CS = corticosteroids; HMD = hyaline membrane disease; PDA = patent ductus arteriosus; RR = relative risk.

shows that the decline in cases was most pronounced in 

lower-weight infants; in fact, PIVH tended to disappear in the 

> 1,250 g group. This downward trend has been observed 

worldwide since the 1980s.1,9,13 In 1998, Sheth14 described 

a decline in the incidence of PIVH (from 29.7% to 14.4%) 

over a 10-year period, in a sample of 867 very low birth 

weight infants born between 1986 and 1995.

Analysis of potential risk factors associated with this 

decline in the incidence of PÌVH revealed that some factors 

usually associated with this disease, such as maternal age, 

prenatal care, and vaginal delivery, were not associated with 

significant between-group differences over the 15-year study 

period. On the other hand, we did detect an increase in the 

proportion of very low birth weight infants and a decrease 

in the number of male infants.

Therefore, this decline in PIVH incidence rates may 

be attributed to an overall improvement in neonatal 

care, although some practices are not directly related to 

development of this condition. 

Over the 15-year study period, antenatal corticosteroid 

use became considerably more widespread at our facility. This 

practice has been reported in the literature as a protective 

factor against development of PIVH, both indirectly as an 

inducer of lung maturity and hemodynamic stability and 

due to its direct action on maturation of blood vessels 

in the germinal matrix.15,16 A Brazilian study found that 

antenatal corticosteroids significantly reduced the incidence 

of severe PIVH in preterm neonates.17 However, in Brazil, 

this therapy has yet to be employed in a widespread, 

standardized manner. In data compiled by the Brazilian 

Neonatal Research Network (Dados da Rede Brasileira de 

Pesquisas Neonatais) from eight university centers, the 

rate of antenatal corticosteroid administration ranged from 

12.5% to 87.5%.18

Administration of exogenous surfactant for treatment of 

respiratory distress syndrome was also implemented and 

widely used throughout the study period. As respiratory 

failure and mechanical ventilation are associated with PIVH, 

we expected surfactant use would reduce its incidence. 

Nevertheless, there is no clear evidence of any such 

protective effect in most studies. This holds particularly true 

for infants born at a gestational age of < 27 weeks, and is 

most likely related to the extreme pulmonary immaturity 

of this age group and to the multifactorial nature of PIVH. 

Prophylactic administration of surfactant has also not 

proved superior to rescue use of surfactant in prevention 

of PIVH and its severe manifestations, nor has the type of 

surfactant shown any association with protection against 

PIVH. As surfactant has received formal regulatory approval 

for the treatment of neonatal respiratory distress syndrome, 

placebo-controlled trials are unlikely to be conducted in 

future.19,20

Remarkably, throughout the study period, some factors 

that are known to be associated with PIVH – such as 

Incidence of peri/intraventricular hemorrhage - Marba ST et al.
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widespread use of mechanical ventilation, sepsis, patent 

ductus arteriosus, and hemodynamic disorders – remained 

present. As PIVH rates declined significantly over time, we 

sought to determine which changes in the service where the 

study was conducted could have justified this finding.

Over the 15 years of our investigation, the neonatology 

unit in which it was carried out underwent several major 

changes, both in terms of infrastructure and technological 

advances and in implementation of patient-centered care. 

The incidence of PIVH declined most markedly from 1996 

onward. This period coincided with a renovation of the 

unit after a turbulent time of high occupancy rates and 

inadequate physical infrastructure, supplies, and personnel. 

Substantial investments were made toward the acquisition 

of new equipment, physicians and nurses were hired, 

and a program designed to regionalize neonatal care was 

implemented. In a study of 17 Canadian NICUs, Synnes et 

al. found that the incidence of severe PIVH was associated 

not only with the characteristics of the infants themselves, 

but also – and significantly so – with the structural aspects 

of how each unit was organized, including personnel, staff-

to-bed ratios, and availability of specialty care.21

Handling and management of neonates, and particularly 

of extremely low and very low birth weight infants, has 

also undergone major changes. Since 1996, neonatal 

resuscitation in the delivery room has followed Brazilian 

Society of Pediatrics guidelines, and attending and 

resident physicians as well as the nursing staff receive 

training in recommended neonatal resuscitation skills. 

Resuscitation has thus become more effective; both hypo- 

and hyperthermia at birth are now avoided; and infusion 

of hyperosmolar fluids and volume expanders has become 

much more judicious.

Furthermore, mechanical ventilation of newborn infants, 

when required, is now provided by more modern respirators, 

and measures are in place to mitigate the discomfort caused 

by ventilation, such as judicious administration of analgesics 

and use of restraints. It is well known that mechanical 

ventilation may induce significant increases in intracranial 

pressure (as estimated by monitoring of anterior fontanel 

pressure) and changes in heart rate and blood pressure.22 

Furthermore, patient-ventilator asynchrony (a lack of 

coordination between the spontaneous respiratory efforts 

of the neonate and those delivered by the ventilator) also 

leads to significant changes in cerebral hemodynamics.

Likewise, the ventilation process has changed over time 

to become less aggressive and tolerant of a broader range 

of pCO2 levels than traditionally accepted, thus avoiding 

extreme hypo- and hypercapnia alike, which induce acute 

reductions in cerebral blood flow and are thus damaging 

to the developing brain of preterm infants.23

Routine tracheal aspiration has been ascribed a significant 

role in the pathogenesis of PIVH. It has been well documented 

that changes in blood pressure, cerebral blood flow, and 

intracranial pressure occur during this procedure. Although 

there is no high-level evidence to support this assertion, there 

is consensus that tracheal aspiration should be performed 

selectively and on a case-by-case basis.22 The hemodynamic 

management of newborn infants has also undergone major 

changes, becoming individualized, particularly with regard 

to routine blood pressure measurement, more refined use 

and titration of vasoactive agents, and discouraging the 

use of volume expanders (especially repeated use), as both 

hypotension and hypertension in these patients are related 

to fluctuations in cerebral blood flow.11,24

From the year 2000 onward, our NICU expanded its care 

protocols to include a series of patient-centered, humanized 

practices meant to prevent cerebral hemorrhage and ischemic 

brain damage and promote proper neurodevelopment. 

Premature infants are born into an unfavorable environment 

and are subject to a variety of stimuli that are deleterious 

to their development.25,26 The hospitalization period of 

preterm infants corresponds to the critical period of rapid 

fetal growth and brain maturation – a unique time in the 

human life cycle. This stage is characterized by massive 

multiplication of glial cells, myelination, synaptogenesis, and 

development of the overall organization of the brain, as, at 

20 weeks’ gestation, the process of neuronal proliferation 

and migration is mostly complete, and most neurons are at 

their definitive locations within the cerebral cortex.

In accordance with the current literature, the following 

measures were adopted: noise and light reduction; judicious 

administration of analgesics and sedatives; judicious 

placement and positioning of infants within their incubators; 

and careful maintenance of hemodynamic status and use 

of gentler mechanical ventilation settings, as mentioned 

before.11,24-26

Als et al.25 have shown that extremely low birth weight 

infants entered into an individualized care program had a 

significantly lower incidence of intraventricular hemorrhage 

compared with those given standard care. They also spend 

less time on mechanical ventilation and supplemental 

oxygen, have a lower incidence of bronchopulmonary 

dysplasia and pneumothorax, start oral feeding earlier, 

experience greater daily weight gain, have shorter lengths 

of hospital stay and incur lower hospital costs. At age 9 

months, neurodevelopment in these children was superior 

to that of controls.

Clinical and laboratory studies have suggested that 

preterm neonates exhibit increased sensitivity to pain, and 

that repetitive painful stimuli lead to the development of 

prolonged periods of hyperalgesia and continuous stress 

and physiological derangement. Acute physiologic changes 

induced by pain or other stressors may act as causative or 

aggravating factors of early intraventricular hemorrhage and 

of the ischemic lesions that lead to leukomalacia.27

Studies have shown that opioid analgesics may be 

useful promoters of hemodynamic stability and synchronous 

Incidence of peri/intraventricular hemorrhage - Marba ST et al.
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