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Background: Cardiovascular instability immediately after 
birth is associated with intraventricular hemorrhage (IVH) in 
very-low-birth-weight (VLBW) infants. For circulatory man-
agement, evaluation of organ blood flow is important. In this 
study, the relationship between peripheral perfusion within 
48 h after birth and IVH was evaluated in VLBW infants.
Methods: In this prospective observational study involving 
83 VLBW infants, forehead blood flow (FBF) and lower-limb 
blood flow (LBF) were measured for 48 h after birth using a 
laser Doppler flowmeter. Blood flow was compared between 
infants with and without IVH. Multivariate logistic regression 
analysis was performed to identify the risk factors for IVH.
results: IVH developed in nine infants. In eight of these 
patients, IVH occurred after 24 h. LBF was lower in infants with 
IVH at 18 and 24 h and increased to the same level as that of 
infants without IVH at 48 h. Multivariate logistic regression anal-
ysis identified a correlation only between LBF and IVH at 18 h.
conclusion: These findings were consistent with the hypo-
perfusion–reperfusion theory, which states that IVH develops 
after reperfusion subsequent to hypoperfusion. We speculate 
that measurement of skin blood flow in addition to systemic 
and cerebral circulation may be helpful in predicting IVH.

intraventricular hemorrhage (IVH) is one of the major causes 
of long-term neurological disability in very-low-birth-weight 

(VLBW) infants. In almost 90% cases, IVH occurs in the first 
4 d of life (1). Several studies found an association between 
cardiovascular instability immediately after birth and IVH in 
VLBW infants (2–6).

Circulatory management in the neonatal intensive care unit 
(NICU) mainly focuses on elevation of blood pressure (6,7). 
Several studies have identified an association between hypoten-
sion and poor neurodevelopmental outcomes (1,3). However, 
no data from randomized controlled trials have been available 
to support the assumption that treatment of hypotension has 
a beneficial effect on mortality rates or IVH incidence in pre-
term infants (9–11). The failure of this management strategy in 
improving prognosis may be related to the fact that improve-
ment of perfusion pressure by elevation of blood pressure does 

not always correspond to an adequate increase in organ blood 
flow, although the ultimate goal of circulatory management is 
to maintain organ perfusion and O2 delivery.

The importance of evaluating systemic blood flow and blood 
flow to all organs is being increasingly recognized (12). Some 
recent studies have demonstrated correlations between poor 
outcomes and low blood flow or hypoperfusion of both vital 
and nonvital organs in preterm infants (13–16). Regarding 
peripheral perfusion, Dempsey et al. (17) suggested a corre-
lation between poor outcome and clinical signs of peripheral 
hypoperfusion such as urinary output, capillary refill time, and 
skin color during the early neonatal period in preterm infants. 
Assessment of peripheral perfusion is an important part of the 
clinical exam, as impairment of peripheral perfusion is one of 
the early markers of the compensated phase of neonatal car-
diovascular compromise. However, capillary refill time, the 
most frequently used parameter to assess peripheral perfu-
sion in the clinical practice, is a poor predictor of low systemic 
blood flow. Therefore, use of a more objective, real-time, non-
invasive marker of peripheral perfusion would be preferred, at 
least in the research setting.

In this study, the correlation between IVH following postna-
tal circulatory instability during the extrauterine transitional 
period and skin and subcutaneous blood flow was investi-
gated. Blood flow measurements were performed using a laser 
Doppler flowmeter in VLBW infants treated for hypotension 
during the first 48 h after birth.

RESULTS
In total, 83 infants were included in this study. Head ultraso-
nography confirmed that no IVH had developed in 74 infants 
at 1–3, 6, 24, and 48 h after birth and on postnatal days 4 and 
7. Head ultrasonography was performed at least once a day in 
all infants with IVH. Head ultrasonography confirmed IVH 
in nine infants at 24 h (n = 1), between 24 and 48 h (n = 4), 
between 48 and 72 h (n = 3), and on day 6 (n = 1). Among these, 
five infants progressed to severe IVH. In all cases of severe 
IVH, progression of IVH from grade 2 to 3 or 4 occurred after 
48 h (n = 2 on day 3, n = 2 on day 4, n = 1 on day 6). Infants 
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with IVH were born at earlier gestational age, had lower 5-min 
Apgar scores, and received higher dopamine doses (Table 1).

No significant changes were made in the dopamine dose 
administered to infants with and without IVH. Mean values 
(SD) in μg·kg−1·min−1 were as follows: 9.0 (7.4), 10.7 (7.5), and 
8.2 (6.2) at 6, 24, and 48 h, respectively; and 4.2 (3.4), 5.0 (4.4), 

and 4.5 (4.1) at 6, 24, and 48 h, respectively. Epinephrine was 
administered to three of the nine (33%) infants with IVH; in 
two of these, it was initiated between 24 and 48 h after birth.

Differences in Lower-Limb Blood Flow (LBF), Forehead Blood 
Flow (FBF), and Mean Arterial Blood Pressure (MAP) Between 
Infants With and Without IVH
The mean LBF at 18 and 24 h was lower in infants with IVH 
than in those without (18 h: 12.7 (3.4) ml/100 g and 19.1 
(4.7) ml/100 g tissue weight/min, P = 0.0004; 24 h: 14.2 
(3.7) ml/100 g and 20.4 (5.0) ml/100 g tissue weight/min,  
P   = 0.0005; Bonferroni correction P-value criteria <0.05/8 = 
0.006; Figure 1a). No difference in FBF was found between the 
groups at any time point (Figure 1b).

MAP was lower in infants with IVH than in those without 
IVH at 18, 24, and 30 h (18 h: 27 (5) mmHg vs. 36 (5) mmHg, 
P < 0.001; 24 h: 31 (5) mmHg vs. 36 (5) mmHg, P = 0.004; 30 h: 
27 (8) mmHg vs. 36 (6) mmHg, P < 0.001; Bonferroni correc-
tion P-value criteria <0.05/8 = 0.006; Figure 2).

Temporal Changes in LBF, FBF, and MAP
In infants with IVH, LBF decreased until 18 h, following which it 
gradually increased until 48 h. At 42 h, this increase was statisti-
cally significant (18 vs. 42 h, P < 0.05; Figure 1a). In infants with-
out IVH, no change in LBF was observed until 12 h. Thereafter, 
LBF gradually increased until 30 h. At 24 h, the increase was 
statistically significant (6 vs. 24 h, P < 0.01; 12 vs. 24 h, P < 0.01; 
Figure 1a). After 30 h, LBF remained unchanged until 48 h.

table 1. Demographic characteristics of the infants

Characteristic IVH No IVH P value

n 9 74

Gestational age (weeks) 26.0 (23.4–27.7) 27.6 (23.3–34.3) 0.009

Birth weight (grams) 726 (416–1186) 805 (374–1478) 0.55

Female 3 (33%) 45 (62%) 0.15

Preeclampsia 1 (11%) 12 (16%) 1.0

Antenatal steroid 3 (33%) 50 (68%) 0.07

Cesarean section 8 (89%) 69 (93%) 1.0

Ventilated 8 (89%) 59 (80%) 0.68

Apgar scorea

  1 min 4 (3–5) 5 (3–7) 0.11

  5 min 7 (6,7) 8 (6–9) 0.04

Dopamine administration 9 (100%) 69 (81%) 0.35

Maximum dose of dopamine 6.2 (4.9–21.0) 4.8 (0–20.7) 0.02

Volume expander 
administration

2 (22%) 6 (8%) 0.21

Values are expressed as number (%) or median (range) unless otherwise indicated.

IVH, intraventricular hemorrhage.
aValues are expressed as median (25%–75% quartiles).

Figure 1. Temporal changes in skin and subcutaneous blood flow. (a) 
Lower-limb blood flow (LBF) in infants with and without intraventricular 
hemorrhage (IVH). (b) Forehead blood flow (FBF) in infants with and 
without IVH. Filled squares, without IVH (n = 74); filled circles, with IVH 
(n = 9). Due to infant death (n = 1) and due to temporary removal and 
displacement of the blood flow probe for interventions, some data were 
lost. The values were therefore calculated from available data (LBF, n = 72, 
n = 71, and n = 71 at 30, 36, and 42 h, respectively, in infants without IVH; 
n = 8, n = 7, n = 7, n = 7, and n = 8 at 18, 30, 36, 42, and 48 h, respectively, 
in infants with IVH; FBF, n = 71, n = 70, n = 69, n = 70, n = 69, n = 66, n = 
67, and n = 69 at 6, 12, 18, 24, 30, 36, 42, and 48 h, respectively, in infants 
without IVH; n = 8, n = 7, n = 7, n = 7, and n = 8 at 18, 30, 36, 42, and 48 h, 
respectively, in infants with IVH). Differences between groups, *P < 0.006 
(Bonferroni correction P-value criteria < 0.006).
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Figure 2. Temporal changes in the mean arterial blood pressure. 
Differences between groups, *P < 0.006 (Bonferroni correction P-value 
criteria < 0.006). Filled squares, without intraventricular hemorrhage (IVH) 
(n = 74); filled circles, with IVH (n = 9). Due to temporary removal and 
displacement of the blood flow probe for interventions and due to dis-
continuity by death, some data were lost. Values were therefore calculated 
from available data (n = 72, n = 73 at 36 and 42 h, respectively, in infants 
without IVH; n = 8, n = 8, and n = 8 at 36, 42, and 48 h, respectively, in 
infants with IVH).
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No significant temporal change in FBF was observed in 
infants with IVH. In infants without IVH, no change in FBF 
was observed until 12 h. Thereafter, FBF gradually increased 
until 36 h. At 24 h, this increase was statistically significant 
(6 vs. 24 h, P < 0.05; Figure 1b), following which FBF remained 
unchanged until 48 h.

In infants with IVH, MAP gradually decreased until 18 h 
and then remained unchanged until 30 h. After 30 h, MAP 
gradually increased until 42 h (12 vs. 42 h, P < 0.05; 18 vs. 42 h,  
P < 0.01; 30 vs. 42 h, P < 0.05; Figure 2). In infants without 
IVH, MAP gradually increased until 48 h. At 42 h, this increase 
was statistically significant (6 vs. 42 h, P < 0.05; Figure 2).

LBF and the Timing of Development and Severity of IVH
No difference in LBF was detected at any time point between 
infants in whom IVH developed within 48 h and those in 
whom IVH developed between 48 h and day 7 (Figure 3a). No 
difference in LBF was found between infants with grade 2 IVH 
and infants with grade 3 or 4 IVH at any time point (Figure 3b).

Risk Factors for IVH
Univariate regression analysis was performed for the 12 demo-
graphic and clinical factors shown in Table 1 as well as MAP, 
FBF, and LBF at 6, 12, 18, and 24 h. Univariate logistic regression 
analysis revealed that earlier gestational age, no antenatal steroid 
administration, higher maximum dose of dopamine, lower MAP 
at 12 and 18 h, and lower LBF at 18 and 24 h were significant risk 
factors for IVH (Table 2). Multivariate regression analysis was 
performed at 18 h, the lowest point for LBF and MAP during 
the study period. For the analysis, MAP at 18 h, FBF at 18 h, LBF 
at 18 h, and factors in Table 2 with P values of < 0.15 between 
groups were selected. Multivariate logistic regression models 
revealed only LBF at 18 h as a significant risk factor (Table 2).

The receiver operator curves for MAP, FBF, and LBF at 
18 h were determined. The area under the curve best cut-
off value, sensitivity, specificity, and positive and negative 

predictive values are shown in Table 3. Significantly higher 
area under the curve values were observed for LBF than for  
FBF (P = 0.001), but not for MAP (P = 0.92).

DISCUSSION
The major finding of this study was that compared to infants 
without IVH, lower LBF values were observed until 24 h after 
birth in infants who developed IVH between 6 h and 7 d after 
birth. After 24 h, these values increased to a level similar to 
(but not exceeding) those in infants without IVH at 48 h. FBF 
and MAP also showed increasing trends over time in infants 
with IVH. Trends of FBF in infants with IVH were not sta-
tistically significant, probably because of the relatively small 
number of infants with IVH. Considering that IVH developed 
after 24 h in all cases but one, we conclude that IVH developed 
following a period of low blood flow and during a period of 
increased blood flow to a level not exceeding those in non-IVH 
infants. These findings are consistent with the hypoperfusion–-
reperfusion theory on the development of IVH, which states 
that IVH develops after reperfusion subsequent to hypoperfu-
sion (18,19). Lack of data after 48 h precluded evaluation of 
additional changes in blood flow after 48 h in infants in whom 
IVH developed after this time point. Causes of progression to 

Figure 3. Lower-limb blood flow (LBF) and the timing of development 
and severity of intraventricular hemorrhage (IVH). (a) LBF in infants with 
IVH developing within 48 h and after 48 h. Filled squares, IVH developing 
within 48 h (n = 5); filled circles, IVH developing after 48 h (n = 4). (b) LBF 
in infants with grade 2 IVH and grade 3 or 4 IVH. Filled squares, grade 2 IVH 
(n = 4); filled circles, grade 3 or 4 IVH (n = 5).
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a b table 2. Univariate and multivariate odds ratio for IVH

Variable Univariate OR (95% CI) Adjusted OR (95% CI)

GAa 0.59 (0.38–0.93); P = 0.02 1.95 (0.53–7.23)

Female sex 0.39 (0.09–1.74) 0.22 (0.009–5.60)

Antenatal 
steroids

0.16 (0.03–0.85); P = 0.03 0.13 (0.004–4.50)

Apgar score

  1 min 0.83 (0.59–1.17) 0.32 (0.06–1.56)

  5 min 0.82 (0.56–1.20) 1.03 (0.25–4.3)

Maximum dose 
of dopamineb

1.13 (1.00–1.28); P = 0.04 1.08 (0.81–1.44)

MAP at 18 hc 0.69 (0.57–0.85); P < 0.001 0.69 (0.41–1.17)

LBF at 18 hd 0.58 (0.39–0.84); P = 0.005 0.38 (0.14–0.99); P = 0.049

FBF at 18 hd 0.97 (0.80–1.17) 1.24 (0.74–2.06)

eight out of nine infants in the IVH group who developed IVH after 24 h were included 
in this analysis.

CI, confidence interval; FBF, forehead blood flow; IVH, intraventricular hemorrhage; LBF, 
lower-limb blood flow; MaP, mean arterial blood pressure; OR, odds ratio.
aOR for each additional week. bOR for each 1 μg·kg−1·min−1 increment. cOR for each 1 
mmHg increment. dOR for each 1 ml/100g tissue weight/min increment.

table 3. MAP, LBF, and FBF at 18 h as predictors for IVH. ROC curve

Value AUC SE Cutoff Sensitivity Specificity PPV NPV

MAP 0.89 0.05 32 0.88 0.78 0.33 0.98

LBF 0.89 0.08 13.8 0.88 0.93 0.58 0.99

FBF 0.50 0.09 16.0 0.75 0.41 0.13 0.93

In total, 8/9 infants in the IVH group who developed IVH after 24 h were included in this 
analysis.

aUC, area under the curve; FBF, forehead blood flow; IVH, intraventricular hemorrhage; 
LBF, lower-limb blood flow; MaP, mean arterial blood pressure; NPV, negative predictive 
value; PPV, positive predictive value; ROC, receiver operating characteristic.
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severe IVH after 48 h were therefore unclear. However, low 
blood flow within 24 h and subsequent recovery of blood flow 
were observed in infants in whom IVH developed after 48 h 
and in infants in whom IVH progressed in severity. Assessment 
of peripheral blood flow and systemic blood pressure might 
identify very preterm neonates at higher risk for IVH during 
the transitional period.

The reasons behind the correlation between LBF and IVH 
and the lack of correlation between FBF and IVH are unclear. 
We previously reported a positive but weak correlation 
between LBF and superior vena cava blood flow (20). Superior 
vena cava blood flow has been used as a marker of upper-body 
systemic blood flow, including venous return from the brain 
(21). Previous studies reported an association between low 
superior vena cava blood flow within the first 48 h of life and 
IVH (4,22). However, the extent to which superior vena cava 
blood flow accounts for cerebral blood flow in VLBW infants 
remains unclear. Cerebral blood flow is different from systemic 
and peripheral blood flow because it is regulated by several 
brain-specific factors such as cerebral autoregulation and flow–
metabolism coupling. Correlations among systemic, cerebral, 
and peripheral blood flow must be investigated by simultane-
ous measurement of these parameters for better understand-
ing of the mechanism underlying IVH development.

Previous research has suggested that because low cerebral 
blood flow and low blood pressure progress toward an isch-
emic threshold, the structural integrity of brain tissue is gradu-
ally compromised (23). Subsequent increase in blood flow may 
then cause bleeding from the destroyed vessels. On the basis 
of the data in the literature and the present findings, future 
interventional studies in very preterm infants might target pre-
venting systemic and brain hypoperfusion immediately after 
delivery or, if hypoperfusion is not preventable, controlling the 
reperfusion rate of reperfusion for potential improvement of 
short- and long-term neurodevelopment.

Although several factors (including MAP) differed between 
the infants with and without IVH, after adjusting for these fac-
tors, only LBF correlated with IVH. The main goal of circula-
tory management in the NICU, especially for preterm infants, 
has been to maintain blood pressure using various therapeutic 
interventions. Several numerical standards of blood pressure 
have been suggested (24), and MAP has been a frequently used 
parameter in clinical settings. However, no previous studies 
have shown a decreased IVH incidence by management of 
blood pressure according to any standard. Therefore, this study 
was conducted to address this issue.

Blood pressure–related intervention was also provided to all 
infants participating in this study. Although MAP was lower in 
infants with IVH than in those without, MAP within the target 
range was achieved until the 24-h time point among all infants 
with IVH except one. Along with the data in the literature, the 
results of this study suggest that for the development of more 
effective treatment strategies to prevent IVH, parameters of 
blood flow along with blood pressure measurement need to be 
monitored and that this approach may include skin and subcu-
taneous blood flow measurement.

Findings of the present study also suggest that skin and 
subcutaneous blood flow might be a predictor of IVH. FBF 
was a less effective predictor of IVH than LBF. In our previ-
ous investigation on the hemodynamic effects of dopamine 
in VLBW infants (25), FBF was less informative than changes 
in LBF. No clear explanation for this finding exists at present; 
however, it may have been caused by differences in autonomic 
regulation between these two regions. The skin of the lower 
limb is innervated by sympathetic nerves alone, while blood 
flow in the facial skin is regulated by both sympathetic and 
parasympathetic nerves, such as the blood flow in the internal 
vital organs (26).

Frequent use of vasopressor-inotropes was a major limita-
tion in this study. Dopamine was administered in the majority 
of infants in both groups, and the maximum dose was higher 
in infants with IVH than in those without. However, doses did 
not change significantly over time in either group. Concerns 
have been raised about the potential vasoconstrictive affects 
of dopamine (27). However, the results of our previous study 
(25) demonstrated that even if the dose was 10–20 μg/kg/
min, dopamine significantly increased LBF in VLBW infants. 
Cardiovascular adrenergic receptor downregulation might 
explain the decreased cardiovascular responsiveness to dopa-
mine in critically ill preterm infants (28). Therefore, the low 
blood flow in infants with IVH within 24 h was not considered 
to have resulted from a vasoconstrictive effect of dopamine. 
Epinephrine, which is considered to have a stronger vasocon-
strictive effect than that of dopamine, was administered to 
three infants with IVH and may have decreased LBF. However, 
administration of this drug was initiated after 24 h in two of the 
three cases, and LBF was already below the cutoff value before 
administration in the other case. Therefore, epinephrine use in 
the present study may have had only a minimal effect on low 
LBF values in the infants with IVH within 24 h.

In conclusion, the findings of this observational study sug-
gest that decreased peripheral perfusion may predict the sub-
sequent development of IVH in VLBW infants. These findings 
lend support to the hypothesis that hypoperfusion– reperfusion 
cycle plays a role in the pathogenesis of IVH. Larger stud-
ies using additional measures of brain (such as near-infrared 
spectroscopy) and systemic (echocardiography, electrical 
impedance) blood flow with LBF and FBF measurements are 
required to further clarify these findings.

METHODS
Written informed consent was obtained from the infants’ parents 
immediately on admission to the NICU. This study was approved by 
the Ethical Committee of Saitama Medical Center, Saitama, Japan.

Subjects
This was a prospective observational study of infants born with a 
body weight of <1,500 g at birth. Three hundred and eighty-five 
VLBW infants were born in the period between 1 September 2008 
and 30 September 2012 and admitted to the NICU at Saitama Medical 
Center. To avoid interobserver error, the study was initiated when 
one specific investigator (A.I.) and the laser Doppler apparatus were 
both available (n = 111). Exclusion criteria included compromise 
other than prematurity, which could affect hemodynamics of the 
infants: congenital heart disease (n = 7), chromosomal and/or major 
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anomalies (n = 11), and Apgar scores of 0 at 1 min, thus requiring epi-
nephrine administration and/or chest compression (n = 4). Parents 
of three infants did not consent to participation in this study. At 6 h 
after birth, infants with IVH detected by head ultrasonography were 
excluded (n = 3) because early onset IVH is more likely to develop 
because of perinatal factors rather than postnatal factors (29). Eighty-
three infants were consequently included in the study.

All infants with hypotension received cardiac support. In the 
NICU, hypotension was defined as MAP below the lower 95% confi-
dence intervals found in a population study (30) or below the numeri-
cal number of the given patient’s gestational age, which were almost 
equal. For infants with hypotension, dopamine or a single-volume 
expander (10 ml·kg−1) was initially administered at the attending phy-
sician’s discretion according to the infants’ circulatory data such as 
heart rate, urine output, blood lactate level, and echocardiographic 
parameters. Dopamine was continuously infused via a peripherally 
inserted central catheter or umbilical venous line and usually initi-
ated at a low to moderate dose (3–10 μg·kg−1·min−1). If blood pressure 
was not sufficiently restored, the dose of dopamine was incremen-
tally increased by 2–5 μg·kg−1·min−1 up to 20 μg·kg−1·min−1. In some 
cases, an equal dose of dobutamine was alternatively added or an 
additional single-volume expander was administered. When all the 
above treatments were ineffective, epinephrine and/or corticosteroids 
were administered. All neonates were placed in an incubator during 
the study period. Skin temperature was maintained at 37.0 ± 0.5 °C.

Blood Flow Measurement
A noninvasive continuous monitoring technique was used for mea-
suring skin and subcutaneous blood flow, as described in our previ-
ous studies (20,31). In brief, the system comprised a laser Doppler 
flowmeter (CDF-2000; Nexis, Fukuoka, Japan), a probe, and a com-
puter. The probe was easily attached on the patients’ skin using dou-
ble-sided adhesive tape. The laser beams penetrated 3–4 mm into the 
skin, and the system measured the blood flow in the capillary ves-
sels, venules, and arterioles within a specified hemispherical region. 
Probes were attached to the dorsum of the right or left foot, avoid-
ing visible vessels. LBF and FBF were measured, and the data were 
stored in a computer for a 48-h period. Once the data were collected, 
blood flow values were extracted at 10-s intervals 30 min before and 
after each data point between 6 and 48 h at 6-h intervals and averaged 
using 360 measurements for each.

Cardiovascular Parameters
Blood pressure was measured in all neonates. Systolic and diastolic 
pressure and MAP were recorded by nursing staff every hour for con-
tinuous blood pressure measurement (n = 50) and every 3 h using 
oscillometric methods (n = 33), confirming that the infants were 
at rest and free of any difficulties associated with the catheter line. 
Following this, data for every 6 h (one data point for each measure-
ment) up to 48 h were collected for analysis.

Head Ultrasonography
Head ultrasonography was performed at 1–3, 6, 24, and 48 h after 
birth and on postnatal days 4 and 7 using SONOS 5500 (Philips 
Medical Systems, Andover, MA) to confirm the presence and sever-
ity of IVH. In addition to these examinations, ultrasonography was 
also performed when attending physicians considered it necessary 
for follow-up of IVH or due to sudden changes in cardiovascular or 
respiratory conditions. Only IVH of grade 2 or more according to the 
Papile classification was defined as IVH in this study. Grade 3 or 4 
IVH was defined as severe IVH.

Data Analysis and Statistics
Infants were divided into the following two groups: those with IVH and 
those without IVH. Background characteristics were compared between 
the two groups by the Mann–Whitney U-test or the χ2 test. A t-test 
with the Bonferroni correction was applied for multiple comparisons 
between groups. Comparisons of temporal changes in LBF, FBF, and 
MAP in each group were performed using one-way repeated ANOVA, 
and if the results were significant, the post hoc Tukey test was used. 
Univariate and multivariate regression analyses were performed to iden-
tify risk factors for IVH. For multivariate regression analysis, MAP, FBF, 
and LBF at each time point and demographic factors with P values < 

0.15 in univariate regression analysis were selected. In addition, receiver 
operator characteristic analysis was used to calculate the area under the 
curve, sensitivity, specificity, and positive and negative predictive values 
of LBF, FBF, and MAP at 18 h for the infants without IVH at each time 
point. Optimal cutoff values were determined by correspondence to a 
point on the receiver operator curve nearest to the upper left corner. All 
statistical values are shown as mean (SD) unless otherwise indicated, and 
a two-tailed P value of <0.05 was considered statistically significant. Stat 
Flex (StatFlex; Artec, Osaka, Japan) was used for all statistical analyses.
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