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Germinal matrix-intraventricular hemorrhage (GM-IVH) is among the devastating neurological complications with mortality and
neurodevelopmental disability rates ranging from 14.7% to 44.7% in preterm infants. The medical techniques have improved
throughout the years, as the morbidity-free survival rate of very-low-birth-weight infants has increased; however, the neonatal
and long-term morbidity rates have not significantly improved. To this date, there is no strong evidence on pharmacological
management on GM-IVH, due to the limitation of well-designed randomized controlled studies. However, recombinant human
erythropoietin administration in preterm infants seems to be the only effective pharmacological management in limited situations.
Hence, further high-quality collaborative research studies are warranted in the future to ensure better outcomes among preterm

infants with GM-IVH.
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INTRODUCTION

Germinal matrix-intraventricular hemorrhage (GM-IVH)
is among the devastating neurological complications with
mortality and neurodevelopmental disability rates ranging
from 14.7% to 44.7% in preterm infants*'>'**"**** GM-IVH
originates from the hemorrhage of the immature capillary
network of the subependymal GM, which disrupts the epen-
dymal lining and burst into the lateral cerebral ventricle™. In
the United States, the incidence of preterm labor has de-
creased, but one in 10 babies is still born preterm””. The medi-
cal techniques have improved throughout the years, as the

morbidity-free survival rate of very-low-birth-weight infants

has increased; however, the neonatal and long-term morbidity
rates have not significantly improved"*"*"”. The knowledge of
the nature of preterm infants are limited as the medical con-
ditions vary from each preterm infant in gestational age,
weight, and comorbidities, thereby making it hard to conduct
a well-designed randomized controlled study. Hence, there are
no standardized protocols for the treatment of GM-IVH due
to a lack of strong evidence™. In this review article, we briefly
describe the pharmacological management of GM-IVH based

on previous literature.
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PATHOGENESIS OF GM-IVH

The GM is located in the subependymal of the ventricular
walls, which later develops to cerebral neuroblasts and

22429 The vasculature in GM is formed at approximately

glia
7-8 weeks of gestation and persists until the beginning of the
third trimester**”. The thickness of the GM decreases after
24 weeks, which is late second trimester period of gestation,
and the GM almost disappears by 3637 weeks”. The vascula-
ture of the GM lacks muscle or collagen; therefore, it is vulner-
able to hemodynamic or mechanical stress. According to the

classification of hemorrhages by Papile et al.™”

, grade 1 is de-
tined as the hemorrhage confined to the GM, grade II as the
hemorrhage extending into the lateral ventricles, it grade IIT as
the presence of ventricular dilatation; and grade IV as the
presence of parenchymal hemorrhage.

Once GM-IVH occurs in preterm infants, they are at a high
risk of developing poor neurodevelopmental outcomes, in-
cluding cerebral palsy, intellectual deficits, deafness, and
blindness”. Approximately 10% of preterm infants at <32
weeks’ gestational with grade I1/IIl GM-IVH progresses to
grade I1I/IV GM-IVH within 1 week™. Moreover, the mortal-
ity rate of preterm infants with GM-IVH is >20%; >80% of
these infants expire within the first week after birth'"'****
Therefore, pharmacological management for GM-IVH in pre-
term infants is focused on preventing GM-IVH, suppressing
the progression of GM-IVH and improving the neurological

outcomes after GM-IVH.

PHARMACOLOGICAL MANAGEMENT OF GM-IVH

Pharmacological management for preventing
GM-IVH

Phenobarbitone

In theory, reducing hemodynamic stress on the immature
vessel network in GM might prevent GM-IVH or at least re-
duce the possibility of suppressing the increment of the
amount of IVH. An early observational study showed that
phenobarbitone has possibility of regulation of systemic blood
pressure and have protective effect after brain ischemic inju-
ry””. A 2013 Cochrane review of 12 controlled trials involving

982 preterm infants revealed controversial results on the effect
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) This meta-

of phenobarbitone on the incidence of GM-IVH
analysis study showed that the use of phenobarbitone did not
have a significant reduction in the risk of IVH, posthemor-
rhagic ventricular dilatation, neurodevelopmental impair-
ment, or in-hospital death. However, it had increased the risk
of the need for mechanical ventilation. In conclusion, based
on this strong evidence, postnatal phenobarbital cannot be
recommended as a prophylaxis for GM-IVH in preterm in-

fants™.

Pharmacological management for suppressing
the progression of GM-IVH

Ethamsylate (diethylammonium 1,4-dihydroxy-3-benzene
sulfonate)

The vessel network of GM in preterm infants lack basement
membrane deposition, tight junctions, and glial endfoot in-
vestiture, which makes it vulnerable to cerebral blood flow.
Therefore, reinforcing basement stability and accelerating he-
mostasis are expected to suppress the progression of GM-IVH
theoretically. Although the exact mechanism is unclear,
ethamsylate reduces bleeding time and blood loss from
wounds™. Therefore, using ethamsylate was suggested in pre-
term infants with GM-IVH'". A Cochrane database systemat-
ic review of 1410 preterm infants from seven trials revealed
that ethamsylate significantly reduces the risk of grade III and
IV GM-IVH among infants at <35 weeks’ gestation'”. Howev-
er, in a single group of GM-IVH infants at <32 weeks gesta-
tion with, ethamsylate did not show a significant reduction in
the progression of GM-IVH". However, from this review, use
of ethamsylate in preterm infants did not show a significant
difference in neonatal mortality rate or neurodevelopmental
outcome at 2 years. The adverse side-effect of ethamsylate is
hypotension; however, the systematic review showed that there
was no significant difference in the hypotension rate between
infants treated with ethamsylate and those receiving a placebo
drug. In conclusion, the use of ethamsylate in preterm infants
is safe and has protective effects against the progression of
GM-IVH in limited situations; however, there is a lack of evi-
dence showing that it improves the mortality rate or neurode-

velopmental outcome.
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Pharmacological management for improving the
neurological outcomes after GM-IVH

Recombinant human erythropoietin (EPO)

Once the occurrence of mortality due to GM-IVH has been
controlled in preterm infants, improving or at least preventing
the progression of neurodevelopmental impairments is the
next step. EPO accelerates red blood cell production owing to
its hematopoietic properties; therefore, recombinant human
EPO (thEPO) is used in various types of anemia and in cases
requiring reduction in the number of blood transfusions.
rhEPO is also known to have a neuroprotective effect. Hence,
it is expected to have a major role in GM-IVH. High-dose
rhEPO administration in very-preterm infants (<32 weeks)
resulted in significantly higher hematocrit level, reticulocyte
count, and white blood cell count and lower platelet count
without increasing the rates of mortality or short-term major
adverse events, including retinopathy, IVH, sepsis, necrotizing
enterocolitis and bronchopulmonary dysplasia™”. A Co-
chrane database systematic review of 34 studies involving
3643 preterm infants revealed that early rhEPO treatment is
safe and significantly decreased the rates of IVH, periventric-
ular leukomalacia, and necrotizing enterocolitis'”. As the
long-term neurodevelopmental outcomes of early rhEPO
treatment still remain unclear, the authors do not recommend
its routine use due to its limited benefits in preterm infants.
However, a recent research study showed rhEPO has benefits
in improving the mortality rate and neurodevelopmental out-
comes, including atrophy and cognition'*””. The beneficial
neuroprotective effect of the early administration of rhEPO in
preterm infants needs more firm evidence, as it is proven to be
safe and it seems to be the only promising treatment for im-

proving long-term neurodevelopmental outcomes.

Vitamin E (tocopherol)

Vitamin E is known for its potent antioxidant properties
and it is presumed to scavenge free radicals and protect the
capillary endothelial cells of the matrix from injury”. Brion et
al.” conducted a pooled analysis of 26 randomized clinical tri-
als, which showed that vitamin E did not significantly reduce
the morbidity or mortality rate. Although vitamin E supple-
ment significantly reduced the risk of GM-IVH, it increases
the rate of sepsis among preterm infants. The results of the

subgroup analyses showed that high-dose intravenous vita-
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min E supplementation increased the risk of sepsis and while
decrease parenchymal cerebral hemorrhage. Moreover, besides
the intravenous route of vitamin E supplementation, other
modes of supplementation reduced risk of GM-IVH and its
progression. Finally, if the serum tocopherol level is >3.5
mg/dL, the risk of sepsis increases while the risk of severe reti-
nopathy decreases. As most included studies were conducted
in the 1970s and 1980s, when the mortality rate of preterm in-
fants was high, the result of this analysis should be carefully
interpreted”. A recent study showed that vitamin E supple-
mentation did not significantly decrease the risk of GM-IVH
in preterm infants, which contradicts the results of the previ-
ous pooled analysis”. In conclusion, no strong evidence sup-
ports the routine use of vitamin E in preterm infants to pre-

vent GM-IVH or suppress its progression.

CONCLUSION

To this date, there is no strong evidence on pharmachologi-
cal management on GM-IVH, due to the limitation of well-
designed randomized controlled studies. However, thEPO ad-
misistration in preterm infants seems to be the only effective
pharmacological management in limited situations. Hence,
turther high-quality collaborative research studies are war-
ranted in the future to ensure better outcomes among preterm
infants with GM-IVH.
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