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Abstract

Background: Intraventricular hemorrhage during the early stage is a major complication in very low birth weight
infants. Elevation of venous pressure is one of the contributing factors. The internal cerebral vein receives most of
the venous flow from the subependymal germinal matrix, the most common site of origin of intraventricular
hemorrhage. Recently, it has been reported that pulsatile or partially interrupted internal cerebral vein waveforms
might also be risk factors for intraventricular hemorrhage in extremely low birth weight infants. Here, we report two
cases of partially reversed internal cerebral vein flow with intraventricular hemorrhage. There are no published
reports documenting this unique flow pattern.

Case presentation: Between 2013 and 2020, we had in our neonatal intensive care unit two cases of very low
birth weight infants (27 and 25 weeks of gestational age) who showed a partially reversed internal cerebral vein
waveform pattern, which was recognized as a new blood flow pattern. Their internal cerebral vein flow patterns
were continuously flat early after birth. They showed an intraventricular hemorrhage on the unilateral side with
partially interrupted internal cerebral vein flow at 31 and 41 hours after birth (27- and 25-week-old neonates,
respectively). Consecutively, their internal cerebral vein flow changed to a partially reversed pattern with
intraventricular hemorrhage on the contralateral side at 43 and 87 hours after birth (27- and 25-week-old neonates,
respectively). Their flow patterns improved by day 7. These partially reversed patterns were equivalent to triphasic
venous flow, and the reverse flow corresponded to A- and V-waves.

Conclusion: In the two cases, the internal cerebral vein flow patterns were normal and flat before intraventricular
hemorrhage and changed to a severe flow pattern (partially interrupted or reversed flow) at the same time as the
detection of intraventricular hemorrhage. After the development of intraventricular hemorrhage, they improved.
These cases indicate that a partially reversed or interrupted internal cerebral vein flow pattern may be derived from
central venous pressure elevation and related to intraventricular hemorrhage in very low birth weight infants,
however, it is difficult to determine when this flow pattern occurs in relation to intraventricular hemorrhage.
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Background
Intraventricular hemorrhage (IVH) is a major complica-
tion in very low birth weight (VLBW) infants. However,
accurate prediction and prevention of IVH have not
been established yet. The germinal matrix, as a focus of
IVH, is a region where abundant vascularized glial and
neuronal precursor cells accumulate in the developing
brain [1]. The pathogenesis of IVH is multifactorial and
primarily attributed to the intrinsic vulnerability of the
germinal matrix vasculature and fluctuating cerebral
blood flow [1, 2]. Elevation of cerebral venous pressure
is believed to be a contributing factor [2].
Recently, it has been reported that a pulsation or par-

tial interruption of the internal cerebral vein (ICV) blood
flow may be a risk factor of IVH in extremely low birth
weight infants [3]. The ICV blood flow is normally a
continuous flat pattern in newborns [4]. Ikeda et al.
reported that the ICV blood flow is classified into four
patterns: grade 0: continuous flat flow; grade 1: mild
pulsatile flow (minimum speed/maximum speed ≧ 0.5);
grade 2: severe pulsatile flow (minimum speed/max-
imum speed < 0.5); and grade 3: partially interrupted
flow (minimum speed = 0 cm/s). The incidence rate of
IVH was significantly higher in high-grade (2 and 3)
groups than in low-grade (0 and 1) groups [3]. However,
the cause of pulsation and interruption remains unclear.
The ICV composes the cerebral deep venous system

and drains most of the subependymal veins into the
great vein of Galen. The major source of IVH in VLBW
infants is the capillary venules or small venules of the
subependymal germinal matrix which are thin and
fragile-walled vessels that easily cause bleeding [2, 5].
The venous blood flow from the germinal matrix drains
into the subependymal veins upstream of the ICV [6].
The junction of the subependymal veins and ICV in the
foramen of Monro forms a U-shaped venous angle
where blood flow changes direction sharply [2]. There is
a possibility that this ‘U-turn’ increases venous pressure
in the germinal matrix. The anatomical peculiarity and
vulnerability of the vessels may easily cause bleeding in
VLBW infants.
We report two cases of IVH with a partially reversed

ICV flow (PRF) as a new blood flow pattern of the ICV.
This unique flow pattern has not been documented in
any published reports and it could be a new predictor of
IVH in VLBW infants.

Case presentation
Case 1
A male infant was delivered via a caesarean section at 27
weeks of gestation, weighing 1283 g with 1- and 5-
minute Apgar scores of 2 and 5, respectively. Umbilical
artery pH was 7.197. He experienced intrauterine infec-
tion due to chorioamnionitis and showed prolonged

prothrombin time international normalized ratio (PT-
INR; 2.98) and moderate thrombocytopenia (14.0 × 103/
µl). Antibiotics and fresh frozen plasma were adminis-
tered. Continuous flat flow (grade 0) of the ICV was
confirmed at 10 hours after birth (Fig. 1a). At 18 hours
after birth, his systemic blood pressure dropped to
approximately 20 mmHg and dopamine was initiated. At
31 hours after birth, he showed a grade III IVH on the
left side with partially interrupted ICV flow (grade 3;
Fig. 1b). At 43 hours after birth, although PT-INR im-
proved (1.84), he showed a grade III IVH on the contra-
lateral side with PRF (Fig. 1c). PRF reappeared at 66 and
90 hours after birth (Fig. 1d). These PRFs were similar in
shape to a triphasic venous flow pattern. On day 7, the
ICV flow turned into a mild pulsatile pattern (grade 1)
and the patient’s condition improved. The transition of
the ICV flow pattern and IVH detection time are shown
in Table 1a.

Case 2
A female infant was delivered via a caesarean section at
25 weeks gestation, weighing 760 g with 1- and 5-
minute Apgar scores of 2 at both times. Umbilical artery
pH was 7.221. Her PT-INR and platelet count were nor-
mal. She was provided with cardiac compression and
artificial ventilation due to bradycardia immediately after
birth. In the first ultrasound examination at 5 hours after
birth, the ICV demonstrated a continuous flat flow
(grade 0; Fig. 2a). A partially interrupted flow (grade 3)
was confirmed at 25 hours after birth. At 41 hours after
birth, she had a grade I IVH on the right side with par-
tially interrupted ICV flow (grade 3; Fig. 2b). At 60
hours, a partially interrupted flow (grade 3) continued.
At 87 hours, she had a bilateral grade III IVH with PRF
of the ICV (Fig. 2c). At 106 hours, the ICV flow im-
proved and changed to a severe pulsatile flow (grade 2).
On day 5, the ICV flow turned into a mild pulsatile flow
(grade 1). The transition of the ICV flow pattern and
IVH detection time are shown in Table 1b.

Discussion and conclusion
In both cases, the ICV flows were normal flat patterns
initially and changed to partially interrupted flow or PRF
at the same time as IVH detection, but were resolved
after the development of IVH. This fact indicates that a
change of the ICV flow might be related to IVH.
The PRF in these cases might have been derived from

the pressure fluctuations of the right atrium. We deter-
mined that PRF had a triphasic waveform based on the
pulsation of the arterial flow which was detected simul-
taneously in case (Fig. 1d) and was composed of four
wave patterns: A-, S-, V-, and D-waves [7, 8]. The re-
verse flow corresponded approximately to the A- and V-
waves, which are generated by elevation of the right

Tanaka et al. BMC Pediatrics          (2020) 20:517 Page 2 of 5



atrial pressure [9]. It has been reported that fluctuations
in central venous pressure may be transmitted intracra-
nially since there is no valve in the jugular venous
system [10]. An increase of venous pulsation is mostly
caused by augmented atrial contraction waves which are
derived from increased atrial pressure [11, 12]. Further
deterioration causes a reversed A-wave [11, 13]. Namely,
the pulsation and interruption of the ICV flow reported
by Ikeda et al. [3] may have emerged during elevation of
the right atrial pressure, which suggests the elevation of
central venous pressure. Additionally, it is possible that
PRF, which we newly report in this article, is the most
severe pattern of ICV pulsation.

IVH is venous in origin [14] and may be caused by
increased venous pressure. Ghazi-Birry et al. [5] reported
that the venous vessels within the germinal matrix of
hemorrhagic cases were invariably distorted, and the
distortion of the venous vessels probably reflects the in-
crease in central venous pressure. There are reports that
IVH develops as a complication of sinovenous throm-
bosis and that the rupture of the small blood vessels
which lead to IVH may be caused by increased venous
pressure due to poor drainage of the vein of Galen or
straight sinus [15]. As mentioned above, augmentation
of venous pulsation indicates increased central venous
pressure, and therefore, the pulsation of the ICV may be

Table 1 The transition of the ICV flow pattern and time of detecting IVH in case 1

(a) Case 1

times after birth 10 hours 31 hours 43 hours 66 hours 90 hours Day 7

ICV flow pattern Grade 0 (Fig. 1a) Grade 3 (Fig. 1b) PRF (Fig. 1c) PRF PRF (Fig. 1d) Grade 1

IVH Left Grade III Right Grade III

(b) Case 2

times after birth 5 hours 25 hours 41 hours 60 hours 87 hours 106 hours Day 5

ICV flow pattern Grade 0 (Fig. 2a) Grade 3 Grade 3 (Fig. 2b) Grade 3 PRF (Fig. 2c) Grade 2 Grade 1

IVH Right Grade I Bilateral Grade III

Abbreviations: ICV internal cerebral vein, IVH intraventricular hemorrhage
ICV flow pattern: Grade 0, continuous flat flow; Grade 1, a mild pulsatile flow (minimum speed/maximum speed ≧ 0.5); Grade 2, severe pulsatile flow (minimum
speed/maximum speed < 0.5); Grade 3, a partially interrupted flow (minimum speed = 0 cm/s); PRF, a partially reversed ICV blood flow

Fig. 1 The flow of the internal cerebral vein in case 1. a At 10 hours after birth, the internal cerebral vein (ICV) flow pattern is continuous flat flow
(grade 0). b Partially interrupted flow (grade 3) is confirmed at 31 hours after birth with grade III intraventricular hemorrhage (IVH) on the left side. c
Partially reversed internal cerebral vein flow (PRF) (arrow) is recognized at 43 hours after birth with grade III bilateral IVH. d PRF is recognized at 90
hours after birth. The lower wave is the forward blood flow of the ICV, and the upper wave is the reverse blood flow of the ICV and the cerebral artery.
The temporal relation between the perfusion flow of the cerebral artery and the ICV indicates triphasic venous pulsations constituting an A wave
derived from atrial contraction, S wave derived from ventricular contraction, V wave, which corresponds to atrial overfilling, derived from ventricular
contraction in the end-systolic phase, and D wave derived from ventricular dilation. The reverse flows are equivalent to A and V waves
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a sign of IVH. Especially, PRF, which is mainly caused
by a reversed A-wave, may be a more severe sign [11].
It has been well established that cerebral vein vessels,

vein sinuses, and blood flow velocities can be visualized
using Doppler sonography [16], with successful visualization
of all reported cases and velocity measured in > 80% of cases
(Right side: 85.45%, Left side: 89.09%). Intracranial venous
pulsations increase as the flow runs from the periphery
towards the central portion [17]. For that reason, pulsation
of the ICV may be augmented more in the proximal portion
than the distal portion, and it is possible to overestimate
ICV pulsation if the measurement site is near the great vein
of Galen. Therefore, the measurement site of the ICV
should be fixed.
This case report has some limitations. First, PRF

was recognized concurrently with the detection of
IVH in these cases. It is possible that subependymal
bleeding may cause flow reversal by compressing the
ICV. Ikeda et al. reported that severe pulsation or
interruption of ICV flow was recognized before the
detection of IVH in six out of eight cases and con-
currently in one case [3]. Hence, PRF may be detect-
able with frequent examination before IVH
development. Second, there were other risk factors of
IVH in these cases such as birth asphyxia, coagulopa-
thy, and thrombocytopenia in case 1 and severe birth
asphyxia in case 2. However, disagreement exists con-
cerning the role of coagulopathy in the causation of
IVH, and the mechanism between IVH and
thrombocytopenia has not yet been elucidated [2]. In
these cases, birth asphyxia may have caused cardiac

dysfunction that resulted in IVH due to increased
central venous pressure [18]. Lastly, we screened the
right and left ICVs in all cases and chose whichever
side showed a sharper shape. However, the ICV of
both sides merge into the great vein of Galen, so al-
most the same pressure may be applied to both sides.
Thus, the ICV flow pattern may be an approximation
unless there is a significant difference of vessel com-
pliance or diameter between both sides [19]. There-
fore, future studies are needed to investigate any
simultaneous difference in ICV pulsation between the
right and left sides.
For the strategy to prevent IVH, there is suggestive

literature. There was a report of pulsatile superior sagit-
tal sinus flow in an infant who had a large bilateral
pleural effusion [10]. After the removal of effusions, the
pulsation resolved. This suggests that decreasing the
intrathoracic pressure could improve the pulsation of
cerebral veins. Similarly, when severe pulsation, partial
interruption, or PRF waves, which may indicate the
elevation of central venous pressure, are recognized, load
reduction therapy to decrease venous pressure might im-
prove pulsation of the ICV and prevent IVH.
ICV flow patterns may be related to IVH in VLBW

infants. PRF is a critical sign because it was found at the
same time as the detection of IVH and improved after
the development of IVH in these two cases. Our findings
suggest that a change in ICV flow pattern may reflect
the elevation of central venous pressure; thus, research
on therapeutic strategies to decrease venous pressure in
order to prevent IVH is needed.

Fig. 2 The flow of the internal cerebral vein in case 2. a At 5 hours after birth, the internal cerebral vein (ICV) flow pattern is continuous flat flow
(grade 0). b Partially interrupted flow (grade 3) is confirmed at 41 hours after birth with grade I intraventricular hemorrhage (IVH) on the right
side. c Partially reversed internal cerebral vein flow (PRF) (arrow) is recognized at 87 hours after birth with grade III bilateral IVH
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IVH: intraventricular hemorrhage; VLBW: very low birth weight; ICV: internal
cerebral vein; PRF: partially reversed internal cerebral vein flow; PT-
INR: prothrombin time international normalized ratio

Acknowledgements
Not applicable.

Authors’ contributions
KT, HI, and TN contributed to the collection of clinical data, data analysis and
interpretation. KT, RS, SM, MI, HM, and KN participated in the
conceptualization of the manuscript. KT and RS wrote the manuscript. All
authors revised the manuscript and approved the final version.

Authors’ information
Not applicable.

Funding
This work was not funded by institutional, financial, or material support from
external sources.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All examinations and investigations in these cases were approved by the
institutional review board of Kumamoto University (registration No. 2204).
Written informed consent was obtained from the parents before inclusion
into the study.

Consent for publication
Written informed consent was obtained from the parents of the two
patients for publication of this case report and any accompanying images. A
copy of the written consent is available for review by the Editor of this
journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Neonatology, Kumamoto University Hospital, 1-1-1 Honjo,
Chuo-ku, 860-8556 Kumamoto, Japan. 2Department of Pediatrics, Graduate
School of Life Science, Kumamoto University, 1-1-1 Honjo, Chuo-ku, 860-8556
Kumamoto, Japan.

Received: 29 July 2020 Accepted: 31 October 2020

References
1. Ballabh P. Intraventricular hemorrhage in premature infants: mechanism of

disease. Pediatr Res. 2010;67:1–8.
2. Inder TE, Perlman JM, Volpe JJ. Preterm intraventricular hemorrhage/

posthemorrhagic hydrocephalus. In: Volpe JJ, Inder TE, Darras BT, de Vries
LS, du Plessis AJ, Neil JJ, Perlman JM, editors. Volpe’s neurology of the
newborn. 6th ed. Philadelphia: Elsevier; 2018. p. 637 – 98.e21.

3. Ikeda T, Amizuka T, Ito Y, Mikami R, Matsuo K, Kawamura N, et al. Changes
in the perfusion waveform of the internal cerebral vein and intraventricular
hemorrhage in the acute management of extremely low-birth-weight
infants. Eur J Pediatr. 2015;174:331–8.

4. Taylor GA. Intracranial venous system in the newborn: evaluation of normal
anatomy and flow characteristics with color doppler US. Radiology. 1992;
183:449–52.

5. Ghazi-Birry HS, Brown WR, Moody DM, Challa VR, Block SM, Reboussin DM.
Human germinal matrix: venous origin of hemorrhage and vascular
characteristics. AJNR Am J Neuroradiol. 1997;18:219–29. .

6. Nakamura Y, Okudera T, Hashimoto T. Microvasculature in germinal matrix
layer: its relationship to germinal matrix hemorrhage. Mod Pathol. 1991;4:
475–80.

7. Laurichesse-Delmas H, Grimaud O, Moscoso G, Ville Y. Color Doppler study
of the venous circulation in the fetal brain and hemodynamic study of the
cerebral transverse sinus. Ultrasound Obstet Gynecol. 1999;13:34–42.

8. Scheinfeld MH, Bilali A, Koenigsberg M. Understanding the spectral Doppler
waveform of the hepatic veins in health and disease. Radiographics. 2009;
29:2081–98.

9. Applefeld MM. The jugular venous pressure and pulse contour. In: Walker
HK, Hall WD, Hurst JW, editors. Clinical Methods: The history, physical, and
laboratory examinations. 3rd ed. Boston: Butterworths; 1990. .

10. Dean LM, Taylor GA. The intracranial venous system in infants: normal and
abnormal findings on duplex and color Doppler sonography. AJR Am J
Roentgenol. 1995;164:151–6.

11. Kiserud T, Acharya G. The fetal circulation. Prenat Diagn. 2004;24:1049–59.
12. Oepkes D, Vandenbussche FP, Van Bel F, Kanhai HH. Fetal ductus venosus

blood flow velocities before and after transfusion in red-cell alloimmunized
pregnancies. Obstet Gynecol. 1993;82:237–41.

13. Seravalli V, Miller JL, Block-Abraham D, Baschat AA. Ductus venosus Doppler
in the assessment of fetal cardiovascular health: an updated practical
approach. Acta Obstet Gynecol Scand. 2016;95:635–44.

14. Nakamura Y, Okudera T, Fukuda S, Hashimoto T. Germinal matrix
hemorrhage of venous origin in preterm neonates. Hum Pathol. 1990;21:
1059–62.

15. Zhang H, Song S, Ouyang Z. Intraventricular hemorrhage caused by
intracranial venous sinus thrombosis: Case report. Medicine. 2016;95:e3907.

16. Liu LY, Hong JL, Wu CJ. A preliminary study of neonatal cranial venous
system by color Doppler. Biomed Res Int. 2019. doi:https://doi.org/10.1155/
2019/7569479.

17. Pooh RK, Pooh KH, Nakagawa Y, Maeda K, Fukui R, Aono T. Transvaginal
Doppler assessment of fetal intracranial venous flow. Obstet Gynecol. 1999;
93:697–701.

18. Popescu MR, Panaitescu AM, Pavel B, Zagrean L, Peltecu G, Zagrean AM.
Getting an early start in understanding perinatal asphyxia impact on the
cardiovascular system. Front Pediatr. 2020;8:68.

19. Hellevik LR, Stergiopulos N, Kiserud T, Rabben SI, Eik-Nes SH, Irgens F. A
mathematical model of umbilical venous pulsation. J Biomech. 2000;33:
1123–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tanaka et al. BMC Pediatrics          (2020) 20:517 Page 5 of 5

https://doi.org/10.1155/2019/7569479
https://doi.org/10.1155/2019/7569479

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Case 1
	Case 2

	Discussion and conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

