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ABSTRACT. Ophthalmic artery blood flow velocity (OA-
BFV, cm/s), cerebral blood flow velocity (C-BFV, cm/s),
and cardiac output (ml/min) were measured by pulsed
Doppler sonography in 15 healthy term and 10 well pre-
term (26-35 wk) infants in the first week of life. OA-BFV
did not increase with increasing gestational age (preterm:
peak systolic BFV 29 * 5 cm/s, mean BFV 7.2 * 1.5 cm/
s; term: peak systolic BFV 27 % 5 cm/s, mean BFV 6.6
1.3 cm/s), unlike C-BFV (preterm: peak systolic BFV 34
+ 8 cm/s, mean BFV 9.4 % 2.3 cm/s; term: peak systolic
BFV 43 * 9 cm/s, p < 0.05; mean BFV 11 £ 3.0 cm/s, p
< 0.05) and cardiac output (preterm 329 * 128 ml/min,
term 732 % 112 ml/min; p < 0.001). The ratio of OA-BFV/
C-BFYV was significantly higher in preterm than in term
infants (p < 0.01). In preterm infants, but not in term
infants, there was a positive linear correlation of OA-BFV
to C-BFV (r = 0.88). We conclude that it is possible to
measure opthalmic artery blood flow velocity in neonates
by pulsed Doppler sonography. Gestational age has differ-
ent effects on OA-BFV and on C-BFYV. Although it is a
point of discussion if blood flow velocities are reflecting
absolute blood flow, Doppler assessment of OA-BFYV could
be a tool for monitoring risk factors for retinopathy of
prematurity. (Pediatr Res 24: 613-616, 1988)

Abbreviations

CO, cardiac output (ml/min)

C-BFYV, cerebral blood flow velocity (cm/s)

OA-BFV, ophthalmic artery blood flow velocity (cm/s)
bpm, beats/min

Recent observations indicate that changes in retinal blood flow
may be involved in the pathogenesis of retinopathy of prematur-
ity (1-3). Doppler sonography has been introduced and validated
as an indirect technique to estimate cerebral blood flow (4). It
was the purpose of this study to evaluate if also ophthalmic artery
blood flow velocity can be assessed by pulsed Doppler sonogra-
phy in term and preterm newborn infants and to study the
relation of ophthalmic to C-BFV.

MATERIALS AND METHODS

A total of 25 neonates was examined during the first week of
life, with informed consent of parents and approval by the
hospital’s ethical committee. All infants were appropriate for
gestational age (5) by maternal dates and according to the Ballard
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score (6). Exclusion criteria were postnatal asphyxia (Apgar at 5
min <8), congenital heart disease or failure, including patent
ductus arteriosus and persistent fetal circulation (excluded by
Doppler echocardiographic examination), intracranial hemor-
rhage, cerebral malformations (excluded by cranial sonography),
and maternal diseases such as diabetes or eclampsia. Fifteen
healthy term neonates had a gestational age of 40 (37-41) wk
(median and range), birth weight of 3360 (2550-4040) g, heart
rate of 130 (103-151) bpm, and age at examination of 2 (1-5)
days. Perinatal course of these infants was normal. All infants
had a normal umbilical artery pH (>7.25) and hematocrit (0.44-
0.53).

The 10 preterm neonates had a gestational age of 29 (26-35)
wk, birth weight of 1100 (770-2400) g, heart rate of 147 (127-
171) bpm, and age at examination of 2 (1-7) days. All were
normotensive and venous hematocrit was 0.46 (0.40-0.59). Five
of these preterm infants were breathing without ventilatory sup-
port, one received continuous positive airway pressure (3-4 cm
H,0), and four were treated with intermittent positive pressure
ventilation with peak inspiratory pressures of 15 (10-21) cm
H.0, positive endexpiratory pressure of 3 cm H>0, and FI0; of
0.25 (0.21-0.35). All preterm infants were normoxemic with an
arterial or transcutaneous PO, of 52 (45-69) torr and a Pco, of
38 (30-45) torr. All infants were in a stable clinical condition,
none received inotropic drugs. No sedation was used in the term
infants, three preterm infants received phenobarbital (plasma
levels 10-40 pg/ml). All infants were sleeping or in a quiet state
during examination.

Blood flow velocities were measured using a simultaneous two-
dimensional ultrasound and pulsed Doppler device (Ultramark
8 or Ultramark 4, Squibb Medical Systems, Bellevue, NY), with
a 7.5 or 5.0 MHz transducer. The intensities at the transducer
surface were 13.5 mW/cm? (5.0 MHz) and 15.5 mW/cm? (7.5
MHz). The duty factor was 0.1%. The power of the ultrasound
was reduced to 50% during the imaging of the orbita. The gain
for the Doppler was 78 = 6%. The Doppler tracings were
recorded at 100 mm/s. Sample volume size was 1.5 mm. A wall
filter of 200 Hz was used. The Doppler spectral data were
analysed using the fast Fourier transformation and displayed as
flow velocities (cm/s). Measurements were made from a video
tape using the electronic calipers of Ultramark 8 or by hand from
the paper recordings of Ultramark 4. Mean BFV over the cardiac
cycle was calculated according to the method of Evans (7).

OA-BFV was measured in both eyes. The orbitae were visu-
alized by sagittal scans through the closed eyelids, with the
transducer lightly angled from the lateral to the medial wall of
the orbita. Dexpanthenol eye ointment (Bepanthen, Hoffmann-
La Roche AG, Grenzach-Wyhlen, Federal Republic of Germany)
was used as contact layer. The transducer was dipped into the
eye ointment without direct contact to the bulb. Thus minimal
or no pressure was applied to the eye during the examination. In
no case did the heart rate decrease during the ultraséund exam-
ination of the eye. The bulb, the optical nerve, and the pulsations
of the ophthalmic artery can be identified during the two-dimen-
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sional ultrasound examination of the orbita. The sample volume
was positioned into the top of the orbital pyramid, when the
whole length of the orbita was visualized (Fig. 1). At this position
there is no other artery of comparable size that could interfere
with the blood flow measurement of the ophthalmic artery.
When the blood flow in the ophthalmic artery was detected,
minimal transducer movements were made to find a Doppler
curve that met the following criteria: a steep systolic acceleration,
a sharp peak in systolic blood flow velocity, and a visible incision
at the time of aortic valve closure. The Doppler curves were
recorded when systolic and diastolic flow velocities were maximal
and stable over 10 cardiac cycles (Fig. 2). The mean time that
was needed for the examination of OA-BFV was 5 min. This
means an exposure time of less than 1 s, considering the duty
factor of 0.1%. All examinations and measurements were per-
formed by the same investigator (W.L.). C-BFV was measured
in the anterior cerebral artery by a sagittal scan through the
fontanel. The sample volume was positioned just below the
corpus callosum (8). Criteria for the Doppler tracings of C-BFV
were the same as described above. Cardiac output was measured
as described by Alverson et al. (9).

Heart rates were derived from the Doppler curves. Blood
pressure was monitored indirectly by an oscillometric (Dinamap,
Critikon, Florida) or Doppler (Arteriosonde, Roche, Basel, Swit-

Fig. 1. Sonographic image of the orbita of a preterm neonate SV,
sample volume.

Fig. 2. Doppler tracing of OA-BFV.
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zerland) device. Transcutaneous blood gases were monitored
with combined PO, and Pco, electrodes (Kontron, Roche, Basel,
or Sensormedics, Anaheim, CA).

Statistical evaluations included group comparisons by the
Mann-Whitney test and linear regression analysis. Results were
considered statistically significant at p < 0.05.

RESULTS

OA-BFV could be obtained in both eyes of all infants exam-
ined. The coefficient of intraindividual variation (n = 20) was
3.6%. The difference (% of peak systolic BFV) between right and
left OA-BFV, was 10 + 8% (mean = SD).

The distance of the transducer surface to the sample volume
(gate depth) increased with increasing weight: 770-1000 g: 2.0 +
0.14 cm; 1100-1980 g: 2.46 = 0.16 cm; 2080-2770 g: 2.73 =
0.17 cm; 3100-4040 g: 3.35 £ 0.17 cm.

Data on OA-BFV, C-BFV, and CO are given in Table 1. Peak
systolic, mean, and end diastolic OA-BFV were not different in
term and preterm infants (Fig. 3; Table 1), but C-BFV increased
significantly with increasing gestational age (peak systolic ACA-
BFV = 1.04 X gestational age +1.6, r = 0.58, p < 0.01; mean
ACA-BFV = 0.33 X gestational age —0.8, r = 0.65, p < 0.01;
end diastolic ACA-BFV = 0.48 X gestational age —4.7, r = 0.61,
p < 0.01) (Table 1). A significant positive correlation of peak
systolic and mean OA-BFV versus peak systolic and mean C-
BFV was seen in preterm (peak systolic OA-BFV = 0.63 X peak
systolic C-BFV + 8.2; r = 0.88, p < 0.001 (Fig. 4); mean OA-
BFV = 0.43 X mean C-BFV + 3.1; r = 0.63, p < 0.01), but not
in term neonates. The ratio OA-BFV/C-BFV (peak systolic BFV)
was 0.89 + 0.11 in preterm and 0.68 + 0.24 in term infants (p
< 0.01) and the ratio mean OA-BFV/mean C-BFV was 0.79 =+
0.17 in preterm and 0.56 = 0.14 in term infants, respectively (p
< 0.01).

Heart rate was 150 = 13 (SD) bpm in preterm and 131 + 14
bpm in term infants. Heart rate variation during individual
examinations was 14 + 6 bpm in preterm and 16 + 6 bpm in |
term infants. In the five ventilated preterm infants (gestational
age 28 = 2 wk) heart rate was 156 + 12 bpm, and 143 + 11 bpm
in the five more mature nonventilated preterm infants (gesta-
tional age 32 + 2 wk). Differences of arterial or transcutaneous
PO, and Pco, and venous hematocrit in the ventilated and non-
ventilated preterm infants were not statistically significant. Peak
systolic OA-BFV was 27 + 3 cm/s in ventilated and 32 =+ 6 in
nonventilated preterm infants (NS).

DISCUSSION

To our knowledge this is the first report on ophthalmic artery
blood flow velocity. An important issue, and therefore discussed
first, is the question if the ultrasound examination of the eye is
safe or not. This method has been used by ophthalmologists for
more than 25 yr without any observed side effects (10). In animal

2z L
z‘ (—) 40 i d .
o] _9 [ 3 ° * o ®
t )] ~~ - ® ° hd Y o o
< > i’ 30 . ° : :O.
O E o . :.
285 %
T W 10 +
E gl
.g 8 ol ! 1 ! 1 ! ) 1
o m 28 32 36 40

Gestational Age (weeks)

Fig. 3. Ophthalmic artery peak systolic blood flow velocity (cm/s)
plotted against gestational age. Linear regression, NS.
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Table 1. Ophthalmic and C-BFV and cardiac output in term and preterm neonates in 1st wk of life (mean + SD)

Preterm 26-35 wk

(n=10)

Term 37-41 wk

(n=15)

p

Ophthalmic artery
BFV (cm/s)

(Peak systolic)
(Mean)

(End diastolic)
(Peak systemic)
(Mean)

(End diastolic)

Anterior cerebral art.
BFV (cm/s)

Cardiac output (ml/min)
Cardiac output (ml/min/kg)

29050
7.2%15
6.1 1.4

340+ 80
94+23
9.5+£26
329 + 128
259 + 13

27.0x£5.0
66+1.3
6.1 1.6
43.0+9.0
1.0+ 3.0
143 +4.2
732 £ 112
215+ 15

NS

NS

NS
<0.05
<0.05
<0.01
<0.001
<0.01

Term,
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Fig. 4. Peak systolic ophthalmic artery blood flow velocity plotted
against peak systolic cerebral blood flow velocity in term (O) and preterm
(®) neonates. Linear regression: term: NS; Preterm: OA-BFV = 0.63 X
ACA-BFV + 8.2;r=0.88; p <0.001.

studies, eyes were exposed to diagnostic ultrasound intensities
for several hours and no pathologic changes could be found (11).
Damage of ocular tissues was produced in animals only by high
intensity ultrasound that far exceeds the diagnostic intensities we
used in our study (factor 2.2 X 10* at an ultrasound exposure
time of 1 s) (10). The fetal and neonatal eye is exposed to
ultrasound energy during obstetric and cranial sonography, but
until now no adverse effects of diagnostic ultrasound are known
(12). The duration of ultrasound exposure for the Doppler ex-
amination of the ophthalmic artery was less than 1 s, and the
power of the instrument was reduced to 50% to minimize the
ultrasound energy. For these reasons we consider Doppler ex-
amination of the ophthalmic artery to be a method, which may
be used in neonates.

With the combined two-dimensional and pulsed Doppler tech-
nique, we were able to measure ophthalmic artery blood flow
velocity in term and preterm infants. The examination through
the closed eyelid was well tolerated by the infants. This approach
provides an ultrasound beam that is nearly coaxial to the
ophthalmic artery, a condition required for an optimal Doppler
tracing.

The cardiac output and cerebral blood flow velocities observed
in this study agree well with literature data on normal neonates
(9, 13). Our data on mean cerebral blood flow velocity (anterior
cerebral artery) are slightly higher than those reported by Evans
et al. (8) and by Drayton and Skidmore (14). These differences
are expected, because Evans ez al. (8) studied neonates less than
1500 g and Drayton and Skidmore (14) studied infants up to the
age of 48 h, whereas our preterm infants had a weight up to 2400
g and an age up to 7 days, and cerebral blood flow velocity is
known to increase with gestational age and with postnatal age
(8, 14). Evans ef al. (8) and Drayton and Skidmore (14) did not
report on other variables influencing cerebral blood flow velocity
like Apgar scores, hematocrit, mechanical ventilation, or pCo,.

Considering the normal cardiac output and cerebral blood
flow velocities, and the exclusion criteria, the ophthalmic artery
blood flow velocities of our infants should have been normal.
Ophthalmic artery blood flow velocities were the same in term
and preterm infants. This is in contrast to the observation that
cerebral blood flow velocities increase with increasing gestational
age (13, 14). Thus the ratio of ophthalmic artery blood flow
velocity over cerebral blood flow velocity was significantly higher
in preterm infants. Peak systolic, mean, and end diastolic cerebral
blood flow velocities are directly related to absolute cerebral
blood flow (15, 16). It is unknown if this relation is also true for
ophthalmic blood flow velocities and absolute ophthalmic blood
flow in normal neonates. Blood flow velocities depend not only
on absolute blood flow but also on various factors such as arterial
blood pressure, whole blood viscosity, vessel diameters, and
vascular resistances. Information on these physiologic variables
and their changes with increasing gestational age is lacking in
neonates. Thus a discussion about changes of absolute
ophthalmic or cerebral blood flow with increasing gestational age
from our data would be speculative.

Another interesting result of our study is the positive correla-
tion of ophthalmic artery blood flow velocity to cerebral blood
flow velocity (r = 0.88, peak systolic BFV; r = 0.63 mean BFV)
in preterm but not in term neonates. The discussion of this
different relationship is difficult again, because of the lack of
additional physiologic data, which are not obtainable in infants
by noninvasive techniques. Stiris et al. (17), investigating ocular
and cerebral blood flow by a microsphere method in an animal
model, assume a separate regulation of ocular blood flow. We
did not study intraindividual changes of ophthalmic and cerebral
blood flow velocities, and absolute ophthalmic blood flow cannot
be derived from the Doppler measurement of ophthalmic blood
flow velocity, because noninvasive measurement of the
ophthalmic vessel diameters is not possible with current tech-
niques. Thus we cannot substantiate this hypothesis in human
neonates.

Retinopathy of prematurity is still a major problem in preterm
infants. At the present time Doppler assessment of the
ophthalmic blood flow velocity is the closest noninvasive ap-
proach to the retinal circulation in neonates, but further studies
are required to evaluate the relation of ophthalmic artery blood
flow velocity to retinal blood flow and retinopathy of prematur-
1ty.
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