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BACKGROUND: The study tested the hypothesis that hyper-
oxemia and hypoxemia differentially alter cerebral blood flow
velocity (CBFV) in a gestational age—dependent manner.
METHODS: Cases comprised 98 neonates with mild respi-
ratory distress, receiving oxygen for >24h in first 48h of life.
Ninety-eight age- and-weight-matched healthy neonates
served as controls. Infants with perinatal asphyxia, shock, sep-
sis, malformations, acidosis/alkalosis, and hypo/hypercarbia
were excluded. Resistance index (Rl), pulsatility index (Pl), peak
systolic flow velocity (PSV), and vascular diameter were mea-
sured in internal carotid, vertebral, and middle cerebral arteries
by transcranial doppler ultrasonography between 24 and 48h
of life with immediate postdoppler arterial blood gas analysis.
For subgroup analysis, neonates were divided by gestational
age and Pa0,.

RESULTS: An overall decrease in RI/PI and increase in PSV
and vasodilation was observed in cases. Hyperoxemia (Pal,
>90mm Hg) was more common in premature neonates.
Neonates <32 wk showed an increase in CBFV (decreased RI/PI
and increased PSV/diameter) in association with hyperoxemia.
An opposite response was observed in neonates >32 wk, where
CBFV increased in response to hypoxemia (PaO, <50mm Hg)
and decreased in hyperoxemia. Increased CBFV showed high
predictive accuracy for immediate mortality and intracranial
hemorrhage.

CONCLUSION: Depending on gestational maturity, hyperox-
emia or hypoxemia produce differential effects in CBFV.

erminal matrix hemorrhage (GMH), intraventricular
hemorrhage (IVH), and periventricular leucomalacia
(PVL) are well-known causes of impairment in neurodevel-
opment of premature, very low birth weight (BW) neonates
(1,2). Before 32wk of gestation, the blood vessels within the
subependymal germinal matrix are fragile. Active corticogen-
esis during this period, which demands an increased cerebral
blood flow (CBF) to meet the higher oxygen and nutrient
demands of the developing brain (3,4), makes these fragile ves-
sels more prone to hemorrhage.
There is wide variation in CBF in sick neonates and the rea-
sons are not completely understood. The concentrations of var-
ious blood gases are considered critical for the control of CBF

(5) and both hypoxemia and hyperoxemia have been found to
be responsible for its alteration (6). Cerebral autoregulation, a
determining factor for the maintenance of CBE is also report-
edly impaired in different hypoxemic and hyperoxemic condi-
tions of sick premature neonates (7,8). Moreover, knowledge
of the utilization and safety of inhaled oxygen in this vulner-
able group is limited. Although an exacerbation of GMH after
hypoxemia has been observed in previous studies (9,10), oth-
ers report an association of a high fraction of inspired oxygen
(FiO,) and higher CBF with IVH (11,12).

We hypothesized that alteration in cerebral blood flow
velocity (CBFV) might play an important role in the etiology
of GMH-IVH and PVL. Its early detection can identify a sub-
set of neonates vulnerable to cerebral hemorrhage and thus
help in establishing an early management. The present study
was conducted to identify any alteration of CBFV in response
to changes in arterial oxygen tension in sick neonates receiving
oxygen inhalation therapy for respiratory distress (RD) and to
determine its prognostic significance.

RESULTS

Ninety-eight neonates with RD formed the final study group.
An equal number of matched healthy neonates served as con-
trols. The baseline maternal and neonatal parameters were
comparable between the groups (Table 1). The various causes
of RD included transient tachypnea of newborn (n = 42),
respiratory distress syndrome (RDS; #n = 36). and meconium
aspiration syndrome (n = 20). Mean arterial blood pressure
remained above 35mm of Hg in neonates <32wk of age and
above 50mm of Hg in neonates >32wk. Data were analyzed
keeping normal pH (7.35-7.45) and partial pressure of carbon-
dioxide (PaCO,) (35-45) as covariates. None of the study neo-
nates had intrauterine growth restriction, abnormal antenatal
middle cerebral artery (MCA) blood flow or any evidence of
GMH-IVH between 24 and 48 h of life.

Overall, a significant decrease in resistance index (RI) and
pulsatility index (PI) and increase in peak systolic flow veloc-
ity (PSV) and diameters of all cerebral arteries was observed
in the cases (Table 2). For further analysis, cases and controls
were divided into two subgroups: subgroup I (gestational age
(GA) <32wk; n = 68) and subgroup II (GA =232wk; n = 30).
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Table 1. Comparison of neonatal and maternal demographic parameters between case and control groups

Parameter Case group (n=98) Control group (n =98) Pvalue
Birth weight (g) (mean + SD) 1,426 +747 1,375+635 0.609 (NS)2
Gestational age (weeks) (mean + SD) 31.4+4.2 31.6+39 0.726 (NS)*
Male:female 62:36 68:30 0.450 (NS)°
Maternal age (years) (mean + SD) 24.28+4.56 25.38+3.84 0.432 (NS)?
Antenatal care taken, n (%) 62 (63.3) 64 (65.3) 0.882 (NS)°
Gravida, median (IQR) 1(1-3) 1(1-3) 0.482 (NS)?
Mode of delivery
SVD, n (%) 63(63.3) 71(72.4) 0.282 (NS)°
Cesarean section, n (%) 35(36.7) 27 (27.6)
Presentation
Vertex, n (%) 94 (95.9) 96 (97.9) 0.682 (NS)°
Breech, n (%) 4(4.1) 2(2.1)
Apgar score, median (range) 8(7-9) 9(7-9) 0.458 (NS)?
Hemoglobin (mean + SD) (range) 16.8+1.1(14.6-19.4) 16.6+1.1(14.7-19.2) 0.435(NS)2
PaCO, (mm of Hg) median (range) 39(36.4-44.2) 40 (36.4-44.6) 1.738 (NS)?
pH, median (range) 7.34(7.3-7.4) 7.38(7.3-7.4) 0.884 (NS)?

IQR, interquartile range; NS, not significant; SVD, spontaneous vaginal delivery.

*Independent samples T test. °x” test.

Table 2. Comparison of blood flow velocity of different cerebral
arteries between case and control groups (mean + SD)

Independent
samples T test

Casegroup  Control group

Parameter (n=98) (n=98) tvalue Pvalue
ICARI 0.71+£0.24 1.11+0.34 9.487 <0.001
VARI 0.78+0.24 1.16+0.32 9.287 <0.001
MCARI 0.83+0.25 1.23+£0.31 9.775 <0.001
ICAPI 1.14+0.22 1.52+0.28 10.615 <0.001
VAPI 1.20+£0.22 1.57+0.25 10.713 <0.001
MCAPI 1.26+£0.23 1.63+0.24 10.964 <0.001
ICAPSV (cm/s) 52.68+22.95 28.37+8.29 9.860 <0.001
VA PSV (cm/s) 51.39+2286  27.15+8.15 9.886 <0.001
MCAPSV (cm/s)  50.16+22.89  25.97+8.09 9.865 <0.001
ICAD (mm) 2.04+0.50 1.86+0.58 2.383 <0.05

VAD (mm) 1.98+0.50 1.77+0.59 2.693 <0.01

MCA D (mm) 1.92+0.51 1.69+0.60 2.857 <0.01

D, diameter; ICA, internal carotid artery; MCA, middle cerebral artery; Pl, pulsatility
index; PSV, peak systolic flow velocity; R, resistance index; VA, vertebral artery.

Arterial blood gas (ABG) analysis of case subgroup I showed
normal partial pressure of oxygen (PaO, 50-90mm Hg) in
36 (52.9%), hyperoxemia (PaO, >90mm Hg) in 27 (39.7%),
and hypoxemia (PaO, <50 mm Hg) in 5 (7.4%) neonates. The
range of hypoxemia varied between 40 and 50 mm Hg. A lesser
variation was observed in the ABG analysis of case subgroup
II: normal PaO, was observed in 19 (63.3%), hyperoxemia
in 8 (26.7%), and hypoxemia in 3 (10%) neonates. No differ-
ence in hemoglobin and arterial oxygen saturation (SaO,) was

Copyright © 2014 International Pediatric Research Foundation, Inc.

observed between the subgroups. The comparison of RI, PI,
PSV, and diameters of all cerebral arteries between the case
and control subgroups was shown in Table 3. Case subgroup
I had decreased RI, PI and increased PSV and diameters of
all cerebral arteries compared to controls (P < 0.001), while
no such difference was observed in CBFV parameters between
case subgroup II and controls except PSV, which was elevated
in cases (P < 0.05).

Alteration of CBFV parameters with changes in PaO, in
case and control subgroup I was shown in Figure 1a-d. Case
subgroup I (GA <32wk) with hyperoxemia showed a statisti-
cally significant decrease in resistance (RI and PI), increased
PSV and vasodilation when compared to the hypoxemic and
normoxemic neonates. However, there was no significant dif-
ference in CBFV parameters between hypoxemic and nor-
moxemic neonates. The observation in case subgroup II (GA
>32wk) was opposite; a significant increase in resistance,
decreased PSV and vasoconstriction was found in association
with hyperoxemia, while decreased resistance, increased PSV
and vasodilation was documented with hypoxemia (Figure
2a-d). A significant correlation was observed between changes
in PaO, and CBFV parameters (Table 4). Two neonates expired
during the hospital stay. Both were of GA <32wk and had
grade III IVH in ultrasonography. Among the survivors (n =
66), nine showed evidence of intracranial hemorrhage (seven
GMH and two IVH). All of them had hyperoxemia in ABG
analysis and increased CBFV when measured between 24 and
48 h of life (Table 5).

CBFV parameters showed 100% sensitivity and specificity as
predictors of poor outcome in receiver-operating-character-
istic curve analysis comparing neonates with poor prognosis
(GMH-IVH and death) in case group and healthy controls
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Table 3. Comparison of blood flow velocity of different cerebral arteries between case and control subgroups (mean + SD)

Independent samples

Independent samples

Case subgroup|  Control subgroup Ttest Case subgroup Il Control subgroup Ttest

Parameter (<32wk) (n=68) 1(<32wk) (n=68) tvalue Pvalue (=32wk) (n=30)  II(=32wk) (n=30) tvalue Pvalue
Birth weight (g) 1,019+£132 1,049+£110 1.439 0.152 2,348 +747 2,114+713 0.640 0.524 (NS)
Gestational age (weeks) 289+1.5 294+14 2.096 0.989 37.1+2.7 36.6+3.1 0.370 0.713(NS)
ICARI 0.78+0.19 1.31+0.14 18.556 <0.001 0.63+0.29 0.60+0.19 0.412 0.682 (NS)
VARI 0.84+0.19 1.35+0.13 17.867 <0.001 0.69+0.30 0.65+0.20 0.622 0.536 (NS)
MCARI 0.90+0.2 1.42+0.12 18.807 <0.001 0.75+0.31 0.68+0.19 0.893 0.375(NS)
ICAPI 1.18+£0.18 1.68+0.12 18.214 <0.001 1.04+0.28 1.0+£0.19 0.515 0.609 (NS)
VAPI 1.24+0.19 1.72+0.12 17.194 <0.001 1.10+0.28 1.05+0.18 0.939 0.352(NS)
MCAPI 1.29+0.20 1.77+0.11 16.758 <0.001 1.16+0.28 1.10+0.19 1.056 0.295 (NS)
ICAPSV (cm/s) 54.35+3.94 23.70+2.41 10.498 <0.001 50.25+18.73 42.44+8.93 2.061 <0.05

VA PSV (cm/s) 53.04+3.81 22.64+2.38 10.476 <0.001 49.06 +18.64 41.12+£9.10 2.095 <0.05
MCAPSV (cm/s) 51.80+3.84 21.52+2.42 10.418 <0.001 47.76+18.72 40.04 +£9.01 2.034 <0.05
ICAD (mm) 1.87+£0.19 1.48+0.14 13.093 <0.001 2.48+0.68 245+048 0.153 0.879 (NS)
VAD (mm) 1.81+0.20 1.40+0.13 13.855 <0.001 2.41+0.68 2.32+0.51 0.588 0.559 (NS)
MCAD (mm) 1.75+0.21 1.30+0.15 14.295 <0.001 2.34+0.68 2.21+£0.52 0.785 0.436 (NS)

D, diameter; ICA, internal carotid artery; MCA, middle cerebral artery; NS, not significant; Pl, pulsatility index; PSV, peak systolic flow velocity; R, resistance index; VA, vertebral artery.
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Figure 1. Comparison of (a) resistance index (Rl), (b) pulsatility index (Pl), (c) peak systolic flow velocity (PSV), and (d) diameter of internal carotid artery
(ICA), vertebral artery (VA), and middle cerebral artery (MCA) between case and control subgroup | (gestational age <32 wk) based on PaO, (mean + SD).
ICA, white columns; VA, black columns; MCA, gray columns. PaO,, partial pressure of oxygen. Normal PaO, (50-90 mm of Hg) (n = 37), hypoxemia (PaO,

<50mm of Hg) (n = 5), and hyperoxemia (PaO, >90 mm of Hg) (n = 26). *Statistically significant difference (P < 0.05).
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Figure 2. Comparison of (a) resistance index (Rl), (b) pulsatility index (PI), (c) peak systolic flow velocity (PSV), and (d) diameter of internal carotid
artery (ICA), vertebral artery (VA), and middle cerebral artery (MCA) between case and control subgroup Il (gestational age =32 wk) (mean + SD).
ICA, white columns; VA, black columns; MCA, gray columns. Normal PaO, (n = 19), hypoxemia (n = 6), and hyperoxemia (n = 5). *Statistically significant

difference (P < 0.05).

Table 4. Pearson correlation test between partial pressure of oxygen (Pa0,) in arterial blood and different parameters of cerebral blood flow

velocity

ICARI VARI MCARI ICAPI VAPI MCAPI ICAPSV VA PSV MCAPSV ICAD VAD MCAD
Pao, 0.849* 0.855* 0.874* 0.847* 0.854* 0.844* 0.854* 0.853* 0.853* 0.771* 0.734* 0.651*
ICARI 1 0.993* 0.988* 0.951* 0.949% 0.947* 0.924* 0.925* 0.924* 0.898* 0.841* 0.743*
VARI —_ 1 0.995* 0.950* 0.950* 0.946* 0.917* 0.917* 0.916* 0.889* 0.829* 0.732*
MCARI — — 1 0.951* 0.948* 0.946* 0.908* 0.908* 0.908* 0.88* 0.820* 0.719*
ICAPI — — — 1 0.995* 0.986* 0.900* 0.901* 0.902* 0.882* 0.830* 0.735*
VAPI —_ —_ —_ —_ 1 0.991* 0.909* 0.910* 0.911* 0.887* 0.830* 0.731*
MCAPI — — — — — 1 0.901* 0.902* 0.902* 0.874* 0.826* 0.741*
ICAPSV — — — — — — 1 1.000* 0.999* 0.937* 0.890* 0.784*
VAPSV — —_ — —_ —_ —_ —_ 1 1.000* 0.937* 0.889* 0.781*
MCA PSV — — — — — — — — 1 0.937* 0.888* 0.777*
ICAD — — — — — — — — — 1 0.955* 0.839*
VAD — — — —_ —_ —_ —_ —_ —_ — 1 0.945*

D, diameter; ICA, internal carotid artery; MCA, middle cerebral artery; P, pulsatility index; PSV, peak systolic flow velocity; RI, resistance index; VA, vertebral artery.

'P<0.001.

(Table 6). On follow up, delayed developmental milestones was
observed in two neonates. Both of them had evidence of IVH
in the neonatal period and obstructed hydrocephalus in mag-
netic resonance imaging at 6 mo. Development was normal in

Copyright © 2014 International Pediatric Research Foundation, Inc.

neonates who had GMH. There was no difference in the altera-
tion of CBFV and incidence of GMH-IVH between males
and females of the study group (data not shown). None of
the neonates developed patent ductus arteriosus, retinopathy
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Table 5. Comparison of blood flow velocity of different cerebral
arteries between study subgroups (normal outcome vs. GMH-IVH/
expired) (mean + SD)

Independent

Normal outcome GMH-IVH/expired ﬂplesTt;st

Parameter group (n=57) group (n=11)  tvalue Pvalue
ICARI 0.86+0.14 0.49+0.04 8.952 <0.001
VARI 0.92+0.14 0.55+0.04 8.703  <0.001
MCARI 0.98+0.15 0.61+0.05 8.505 <0.001
ICAPI 1.26+0.14 0.91+0.05 8.244 <0.001
VAPI 1.32+0.14 0.96+0.05 8.836 <0.001
MCAPI 1.38+0.15 1.00+£0.07 8.282 <0.001
ICAPSV (cm/s) 42.90+13.22 91.04+4.28 11.819 <0.001
VAPSV (cm/s) 41.67+13.00 89.64+4.43 11.959 <0.001
MCAPSV (cm/s)  40.36+12.70 88.60+4.35 12315 <0.001
ICAD (mm) 1.80+0.13 2.15+£0.09 8.194 <0.001
VA D (mm) 1.74£0.16 2.06+0.09 6.229 <0.001
MCAD (mm) 1.68+0.20 1.94+0.09 4.104 <0.001

D, diameter; ICA, internal carotid artery; MCA, middle cerebral artery; PI, pulsatility
index; PSV, peak systolic flow velocity; Rl resistance index; VA, vertebral artery.

of prematurity, bronchopulmonary dysplasia, or necrotizing
enterocolitis during the hospital stay.

DISCUSSION
In the fetal life, optimal CBF and cerebral oxygen consump-
tion are essential for neural growth and development (13).
It has been observed in experimental animals that hyperox-
emia increases apoptotic cell death and white matter damage
(14,15). The vulnerability to oxygen-induced cell death is age
dependent and the maximal incidence is observed during the
first week of life (16). The oxygen delivery to the brain depends
on the cerebral hemodynamics, concentration of inhaled oxy-
gen and the pulmonary gas exchange (17). The term “cerebral
hemodynamics” includes CBE, CBFYV, and cerebral blood vol-
ume. Preterm neonates demonstrate poorly developed vascu-
lar border zone in periventricular white matter and immature
germinal matrix, which make them vulnerable to cerebral
hemorrhage and ischemic injury (3). Disturbance of cerebral
hemodynamics compromises cerebrovascular integrity in
these neonates. Therefore, a balanced cerebral hemodynamics
is pivotal in preventing such complications (18). Measurement
by tissue oxygenation by near infrared spectroscopy may be
used as a surrogate for measurement of CBF, although its avail-
ability is limited. In developing countries, measurement of
CBFV by transcranial color doppler (TCD) can be utilized as
an effective alternative to monitor and guide further therapy.
Cerebral autoregulation limits CBF variation over a range
of cerebral perfusion pressures (19) and is a key physiologic
mechanism for ensuring perfusion and oxygenation of the
brain. In the preterm brain, however, the presence and the
characteristics of cerebral autoregulation are still poorly
understood despite intensive research. A number of stud-
ies have suggested that cerebral autoregulation is lost in the
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sick preterm infants, predisposing them to hemorrhagic and
ischemic insult (20-22). Previous studies have also shown a
strong correlation of RD in newborns with low and fluctuating
arterial blood pressure which in turn is directly linked to the
maintenance of CBF (23).

In the present study, a GA of 32wk was taken as the cut-
off for subgroup analysis as blood vessels within the germinal
matrix remain fragile till 32 wk of gestation (3,4). Cranial ultra-
sonographic examination was performed frequently, to detect
GMH-IVH at the earliest. The possible reasons for differen-
tial response to hypoxemia and hyperoxemia at different GA
could be many: poor cerebrovascular autoregulation, hyper-
oxemia mediated oxidative stress in presence of poor defense
in premature neonates, local production of vasodilators like
nitric oxide or direct vasoparalysis by hyperoxemia. A few
studies have examined the effect of hyperoxemia on CBFV in
premature neonates. Tsuji ef al. has documented high oxygen
saturation in association with impaired cerebrovascular auto-
regulation and severe GMH-IVH/PVL (22). A couple of stud-
ies have documented a fall in CBFV in premature infants with
hyperoxemia (24,25). Niijima et al. observed a fall in CBFV
in 88% premature infants in response to a transient threefold
increase in oxygen tension (24). Leahy et al., by using a modi-
fied venous occlusion plethysmography technique, observed
significant decrease in CBF in premature neonates after inhala-
tion of 100% oxygen (25). Both these studies involved healthy
neonates whose response might essentially vary from that of
the sick neonates recruited in the present study.

In the present study, a significant increase in the CBF was
observed in the neonates who developed GMH-IVH and
those who died. In this regard, observations made by different
authors vary. Linder et al. have found high fraction of inspired
oxygen to be significantly associated with an increased risk
of IVH (11), and Pellicer et al. have observed higher CBF in
infants with IVH compared to those without (12). Contrary
to this observation, Meek et al. recorded decreased CBF in
association with GMH-IVH (26), while the work of Ment et al.
demonstrates an overall decrease in CBF in early GMH-IVH,
but surprisingly had unilateral higher blood flow in the cere-
bral hemisphere having hemorrhage (27). In terms of the rela-
tion between CBF and mortality, Ojala et al. observed lower
resistance in CBF during early circulatory transition associated
with adverse outcome in nonventilated preterm infants (28).
Baenziger et al. reported higher basal CBF in early neonatal
period in preterm infants, who survived 18 mo compared to
those who expired (29). No evidence of PVL was found in
magnetic resonance imaging examination of the brain of any
neonate in the present study. PVL occur mostly from severe
hypoxia, which was uncommon in our study.

Since the possible causes which might have altered CBFV,
like perinatal asphyxia, shock, mechanical ventilation, patent
ductus arteriosus, acidosis/alkalosis, hypo/hypercarbia, and
other systemic diseases were excluded in the present study,
the association between hypo/hyperoxemia and the changes in
CBFV can be considered as reasonably fair. Similarly, neonates
with ear-onset neonatal sepsis and intrauterine pneumonia

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Table 6. Validity indices for different parameters of cerebral blood
flow velocity

Area under Sensitivity Specificity
Parameter the curve Cut-off (%) (%)
ICARI 1.000 <0.76 100 100
VARI 1.000 <0.84 100 100
MCARI 1.000 <0.92 100 100
ICAPI 1.000 <1.17 100 100
VAPI 1.000 <1.22 100 100
MCAPI 1.000 <1.29 100 100
ICAPSV (cm/s) 1.000 >56.2 100 100
VAPSV (cm/s) 1.000 >51.8 100 100
MCAPSV (cm/s) 1.000 246.4 100 100
ICAD (mm) 1.000 >2.1 100 100
VAD (mm) 1.000 =2.0 100 100
MCAD (mm) 1.000 21.8 100 100

D, diameter; ICA, internal carotid artery; MCA, middle cerebral artery; Pl, pulsatility
index; PSV, peak systolic flow velocity; R, resistance index; VA, vertebral artery.

(30) and hypo/hypercarbia (31) which possibly affect CBFV
were excluded. Moreover, hemoglobin concentration and
Sa0,, which might influence the results, were also compara-
ble between the groups. Increase in CBFV was independent
of other variables like demographic profile and management
protocol as both the groups were comparable in these regards.
However, ABG analysis for normal healthy controls was not
done for ethical issues. In order to rule out observer variation
in the ultrasonographic examination and issues of reproduc-
ibility, a single observer performed all the doppler examina-
tions and each parameter was measured three times and the
mean was taken.

The present study however was not devoid of limitations.
Although TCD ultrasound is a noninvasive, cheap, easily avail-
able bedside device to assess CBFV, sonographic measurement
of the parameters is difficult in small caliber vessels like the
MCA. It was also not possible to blind the radiologist regard-
ing the patient, as oxygen supplementation was obvious, but
he was not aware of the ABG findings and the subgroup to
which the neonate belonged. He was also not involved in any
data entry and statistical analysis. The changes in CBFV were
assessed only once during the study. Serial measurements over
time would have been more informative of the evolution of
changes in CBE.

Uncertainty remains regarding the target SpO, values in pre-
term, very low BW infants. Higher SpO, targets may induce
stable sleep patterns and better long-term growth and develop-
ment (32), but at the cost of retinopathy of prematurity, bron-
chopulmonary dysplasia, and brain injury (33,34). Alternately,
the use of “restrictive” oxygen therapy has been found to pro-
duce a negative effect on the survival, cognitive functions,
adaptive skills and behavior (35). Current trials like SUPPORT
(36) and BOOST 1II (37) have demonstrated that both “low”
and “high” saturation ranges are associated with definite com-
plications. Although pulse oximetry is considered as the “fifth

Copyright © 2014 International Pediatric Research Foundation, Inc.

vital sign” for continuous and noninvasive monitoring of oxy-
gen levels (38), the ability of pulse oximeter to reliably detect
hyperoxemia remains controversial (39,40).

To conclude, the present study demonstrates that depend-
ing on gestational maturity, hyperoxemia, and hypoxemia pro-
duce differential effects in CBFV. Hyperoxemia is common in
preterm very low BW neonates in spite of strict maintenance
of SpO, over a narrow range. Increase in PaO, correlates with
increase in CBFV, which is a risk factor of mortality and GMH-
IVH. Therefore, caution should be entertained while using
supplemental oxygen in this vulnerable group. TCD ultra-
sonography may be utilized as a bedside, noninvasive, easily
available and reasonably accurate tool to assess CBFV. CBFV
and its changes may be used as a prognostic parameter for
cerebral hemorrhage and immediate mortality in sick prema-
ture neonates receiving oxygen inhalation therapy for RD.

METHODS

A prospective cohort study was carried out in the neonatal intensive
care unit of the university teaching hospital over a period of 18 mo,
from September 2009 to February 2011.

Selection of Study Group
The study group comprised of consecutive recruitment of neonates of
all GA and BWs, who were admitted in neonatal intensive care unit
with mild RD within 6 h of birth and who received oxygen inhalation
for more than 24h in first 48 h of life. Mild RD was defined by Downe
score 3-5 (41). Oxygen inhalation was started at Downe score three or
more and was provided either by hood or nasal prongs. The FiO, was
adjusted to target an oxygen saturation of 88-93% by pulse oximetry.
An equal number of healthy neonates, matched for BW, GA, and
postnatal age formed the control group. Neonates with perinatal
asphyxia, ear-onset neonatal sepsis, shock requiring vasopressor sup-
port, anemia (hematocrit <35%), heart disease, and major congenital
malformations were excluded. Neonates in whom RD increased to
moderate to severe degree (Downe score >5), requiring continuous
positive airway pressure or ventilatory support were also excluded.
Written informed consents were taken from all parents for participa-
tion in the study. The study was approved by the Institute of Medical
Sciences, Banaras Hindu University, India ethics committee.

Sample Size Calculation

Assuming the confidence limit (o) of 95% and an absolute precision
(d) of 10%, the minimum sample size of the study group was calcu-
lated to be 92.

Clinical Profile and Investigations

Detailed antenatal and perinatal history were recorded. BW was taken
soon after delivery. GA was assessed from maternal history of last men-
strual period, antenatal ultrasonography, and modified Ballard score
(42). Downe score was calculated at admission and hourly thereafter.
According to the neonatal intensive care unit protocol of our hospital,
intravenous ampicillin and amikacin were started at the onset of RD
and stopped once ear-onset neonatal sepsis was excluded. Continuous
monitoring of oxygen saturation (SpO,) by pulse oximetry and hourly
monitoring of temperature, heart rate, mean arterial blood pressure,
and capillary filling time were done. Investigations including sepsis
screen (total leucocyte count, absolute neutrophil count, immature to
total neutrophil ratio, micro-ESR, and C-reactive protein), blood cul-
ture and sensitivity, and chest x-ray were done at admission. In pres-
ence of clinical suspicion of meningitis, a cerebrospinal fluid examina-
tion was done. RDS was diagnosed on the chest x-ray findings and
from the clinical course. Transient tachypnea of newborn was diag-
nosed when the neonates made a spontaneous recovery within first
48h of life and had a characteristic chest x-ray. Meconium aspiration
syndrome was diagnosed on the basis of history of delivery through
meconium-stained amniotic fluid and development of RD within 6h
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after birth in the absence of any other demonstrable cause. Sequential
blood sugar levels, hematocrit, platelet count, ABG, blood urea, and
serum creatinine and serum electrolytes were estimated. An abdomi-
nal x-ray and/or ultrasonography and echocardiography were done as
and when necessary as a part of ongoing supportive care.

CBFV was measured in the internal carotid artery, vertebral artery,
and MCA after 24h of oxygen inhalation and within the first 48h of
life. In the study group, ABG analysis was done immediately after
completion of the assessment of CBFV. The neonates with metabolic
or respiratory acidosis/alkalosis and hypo/hypercarbia were excluded.
Cranial ultrasonography was done once within the first 24h of birth
to exclude any intracranial pathology and malformation. Thereafter, it
was done every 24 h until the oxygen inhalation was stopped and then
every 48 h till discharge to detect any GMH-IVH and PVL. GMH-IVH
was classified according to the criteria of Volpe (43). After discharge
from the hospital, cranial ultrasonography was done weekly till the
postconceptional age of 40 wk and then monthly till the age of 6 mo.

Detailed in-hospital progress and outcome were recorded.
Screening for retinopathy of prematurity was done initially at the
age of 34wk and then every 2wk till 40 wk. Follow up was done for
a minimum period of 6 mo. A computerized tomographic scan or an
magnetic resonance imaging examination of the head was done at the
age of 6 mo.

Assessment of CBFV

CBFV was assessed by TCD ultrasonography (TOSHIBA NEMIO-
30). A single observer (R.S.) performed all TCD examinations. RI,
PI, PSV, and vascular diameter (D) were measured in bilateral inter-
nal carotid artery, vertebral artery and MCA using a high frequency
linear array 8 MHz (for internal carotid artery and vertebral artery)
and a curvilinear array 3.75 MHz (for MCA) transducers. MCA were
focused through the anterior fontanel, internal carotid artery were
focused from midline with extended neck, while vertebral artery were
focused with extended neck in the right or left lateral position for the
respective sides. All measurements were done without any pressure
provocation and in quiet neonates. An oral dose of 50% dextrose was
used as pacifier. RI and PI were calculated using standard formulae
(44). Each parameter was assessed thrice and the mean value was
obtained. In the absence of any difference between the values of RI,
PI, PSV, and diameter of both sides of the same artery, a mean value
was taken for each parameter.

Statistical Analysis

The statistical program SPSS version 16.0 (SPSS, Chicago, IL) was
used for data entry and analysis. The data were presented as mean
+ SD and median (range) for continuous variables and as frequency
and percentage for categorical variables. Comparison between two
groups was done using independent samples T test for continuous
variables and ” test for categorical data. Analysis of variance and post
hoc analysis (Bonferroni test) were use to compare variables among
multiple groups. Pearson correlation coefficient was calculated to
detect the correlation between PaO, values and CBFV parameters.
Sensitivity and specificity of different CBFV parameters were calcu-
lated at different selected cut-off values for CBFV. Receiver-operating-
characteristic curve analyses with measurement of area under the
curve were performed to identify the appropriate cut-off values. A P
value of <0.05 was considered statistically significant.
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