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ABSTRACT
Objectives: To characterise the relationships between
peripheral microvascular blood flow and measures of
physiological and cardiovascular function in preterm
infants in the immediate newborn period.
Design: Prospective observational cohort study.
Setting: Tertiary neonatal intensive care unit, New South
Wales, Australia.
Patients: Ninety-six preterm neonates (24–36 weeks’
gestation) admitted to the neonatal intensive care unit.
Main outcome measure: Relationship between laser
Doppler-derived basal microvascular blood flow, functional
echocardiographic measurements of cardiovascular sta-
tus, mean arterial blood pressure and clinical illness
severity at 24, 72 and 120 h of age.
Results: At 24 h of age, multiple linear regression
revealed a significant positive relationship, independent of
gestational age, between baseline microvascular blood
flow and clinical risk index for babies (CRIB II) score
(r2 = 0.442). Microvascular blood flow was inversely
related to mean arterial blood pressure (r2 = 20.563),
and correlated positively with left ventricular output
(r2 = 0.435). Microvascular blood flow continued to
exhibit a significant inverse relationship with mean arterial
blood pressure (r2 = 20.4) at 72 h of age, but by 120 h
no significant relationships were evident.
Conclusions: This is the first study to show that baseline
microvascular blood flow in premature infants exhibits
significant relationships with clinical illness severity and
cardiovascular function in the immediate postnatal period.
The effects of temporal and functional changes in the
microvasculature on cardiovascular adaptation warrant
further detailed study.

Peripheral microvascular blood flow in newborn
infants has been studied using a range of experi-
mental tools.1–3 Most recently, laser Doppler
flowmetry has been shown to be particularly
useful in studying rapid changes in the skin
microcirculation of the newborn infant.4 Studies
of neonatal vasoregulation are of clinical relevance.
Peripheral microvascular blood flow is subjected to
considerable change in the first days of extrauter-
ine life, a period of marked circulatory vulnerability
in preterm infants. Myogenic and neural control of
skin blood flow must be rapidly established after
birth to allow appropriate thermoregulation in the
newborn.5 In addition, alterations in microvascular
function play an important role in septicaemia,6

neonatal polycythaemia,7 and cardiovascular adap-
tation after delivery.8

It has long been established, using the technique
of laser Doppler flowmetry and others, that the
ability to control skin blood flow is well developed
in neonates, including preterm infants.3 9 However,

abnormal regulation of peripheral vascular resis-
tance, producing inappropriate microvascular vaso-
dilatation, could contribute to the development of
circulatory compromise after preterm birth.
Despite evidence from the animal literature10 and
observational data in human neonates,11 the
relationships between peripheral microvascular
blood flow and measures of neonatal physiological
and cardiovascular stability in the immediate
newborn period have not been characterised. This
study was undertaken to characterise the relation-
ship between laser Doppler-derived basal peripheral
microvascular blood flow, clinical illness severity,
and measures of cardiovascular function.

MATERIALS AND METHODS
Subjects
Ninety-six preterm infants (24–36 weeks’ gesta-
tion) were studied during the first 5 days of life.
Hypoxic ischaemic encephalopathy, congenital
malformations, chromosomal disorders or known
congenital infection excluded admission to this
study. Recruitment was stratified to infants aged
28 weeks or less and preterm infants aged 29–
36 weeks, in order to avoid severity effects being
lost in the potentially larger numbers of more
mature infants.

Microvascular studies
Microvascular laser Doppler assesses the motion in
blood vessels of the peripheral microvasculature
and skin tissues.12 Low-intensity laser light is
reflected from moving blood cells in the skin
circulation to allow measurement of blood flow.
We used the Periflux 5001 Laser Doppler (Perimed
AB, Järfälla, Sweden) with a single temperature-
regulated probe sited on the lateral aspect of the
lower limb. All laser Doppler studies were per-
formed by a single investigator (MS). The intra-
study coefficient of variation ((SD/mean)6100%)
for baseline blood flow measurement over 10
individual subjects had a mean of 14.8% (range
6.2–22.8%).

Experimental protocol
Investigations were performed with a temperature-
controlled laser Doppler probe set at 34uC. Studies
were not performed within 1 h of an enteral feed.
Microcirculatory recordings were performed at
times when the infant was lying supine quietly.
Laser Doppler studies were performed at 24, 72 and
120 h of age.

Peripheral microvascular blood flow was
recorded for 5 min before a standard provocation
to allow comparison between different studies and
subjects, as previously described.13 After estimation
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of basal blood flow, lower limb blood flow was occluded using a
sphygmomanometer to produce a short period of absent flow.
This allowed biological zero to be obtained in each experiment.
This zero was subtracted from the blood flow in each
experiment.13 Peripheral microvascular blood flow recordings
were analysed off line using custom software (Perisoft 2.1;
Perimed AB). Only recording sequences free from movement
artefacts were analysed.

Cardiovascular studies
Mean arterial blood pressure, measured by in-dwelling arterial
catheter where possible, was determined from averaged serial
blood pressure readings over a 30 min period immediately before
the laser Doppler recording.

Functional echocardiographic studies were performed by a
sole investigator (MS) immediately after laser Doppler record-
ing. An Acuson Aspen ultrasound machine (Acuson Corp,
Mountain View, California, USA) incorporating colour flow,
pulsed-wave and continuous-wave Doppler was used.
Structural normality of the heart was established during the
course of the scan. All studies were recorded to optical disc for
later review and performance of measurements. Left and right
ventricular output, ductal patency, superior vena caval (SVC)
blood flow, and systemic vascular resistance were calculated as
previously described.14

Clinical illness severity
Clinical illness severity was quantified using the clinical risk
index for babies (CRIB II).15

Statistical methods
The data are described as median (interquartile range).
Differences between groups were analysed by Mann–Whitney
U test. The data were not normally distributed and were
therefore log-transformed for further analysis. Pearson r was
used for correlations between measures of peripheral micro-
vascular blood flow, cardiovascular function, gestation and
clinical illness severity. As gestation was found to correlate with
multiple measures of cardiovascular function and illness
severity, multiple linear regression was used to assess the
contribution of peripheral blood flow independent of gestation.
p(0.05 was considered significant.

Informed consent was obtained from the mothers of the
infants before the investigation, and the study protocol was
approved by the human ethics committees at John Hunter
Hospital and the University of Newcastle.

RESULTS
Ninety-six preterm neonates were studied and their clinical
characteristics are shown in table 1. The median (range)
gestational age was 29 (24–36) weeks and birth weight was
1239 (430–3035) g. Infants of (32 weeks’ gestation had a
median CRIB II score of 9 (2–16).

Peripheral microvascular blood flow, clinical illness severity and
cardiovascular function
At 24 h of age, a significant positive relationship, independent
of gestational age, was revealed between baseline microvascular
blood flow and CRIB II score (r2 = 0.442, p,0.001; fig 1). In
addition, in infants of (28 weeks’ gestation, at highest risk of
death after preterm delivery, baseline microvascular blood flow
was significantly higher in those infants who died within the
first 72 h of life (median (IQR): 224.7 (95.6–302.2) vs 34.1 (17.9–
66.7) perfusion units (PU), p = 0.001; fig 2) compared with
those who survived. There was no difference in incidence of
early culture positive sepsis between these infants.

Baseline peripheral microvascular blood flow exhibited
significant relationships with measures of cardiovascular func-
tion at 24 h. Laser Doppler microvascular flow was inversely
related to mean arterial blood pressure (r2 = 20.563, p,0.001;
fig 3), calculated systemic vascular resistance (left ventricular
output/mean arterial blood pressure) (r2 = 20.479, p,0.001),
and positively related to left ventricular output (r2 = 0.435,
p,0.001), independent of gestational age. No relationship was
evident between baseline peripheral microvascular blood flow
and right ventricular output or SVC flow at 24 h. There was no
influence of ductal patency on microvascular blood flow for
either symptomatic ducts or physiologically significant but
asymptomatic ducts.16

At 72 h of age, baseline microvascular blood flow continued
to exhibit a significant inverse relationship with mean arterial
blood pressure (r2 = 20.4, p = 0.001). However, no significant
relationships were observed with microvascular blood flow or
with any functional echocardiographic measure of cardiovas-
cular function. By 120 h of postnatal age, the relationship
between baseline microvascular blood flow and mean arterial
pressure was no longer evident.

DISCUSSION
This is the first study to show that laser Doppler measurements
of baseline peripheral microvascular blood flow in premature
infants exhibit significant relationships with not only clinical
illness severity but measures of cardiovascular function in the
immediate postnatal period. Blood pressure is the product of
cardiac output and systemic vascular resistance and is deter-
mined predominantly by gestational age and birth weight in the
newborn period.17 The traditional understanding of the physio-
logical basis for the development of hypotension in the preterm
infant has focused on the inability of the immature myocar-
dium to respond to increases in afterload secondary to increased
systemic vascular resistance. The contribution of microvascular
tone to overall vascular resistance is unclear, but our data
suggest that abnormal peripheral microvascular tone, charac-
terised by inappropriate vasodilatation, contributes to cardio-
vascular compromise observed after preterm birth.

Table 1 Clinical characteristics of 96 preterm neonates

Gestational age (weeks) 29 (27–32)

Pregnancy-induced hypertension 14 (14.5)

Gestational diabetes 7 (7.3)

Vaginal delivery 48 (50)

Birth weight (g) 1239 (872–1803)

Small for gestational age 26 (27)

Maternal smoking 18 (19)

5 min Apgar score 9 (7–9)

CRIB II score 9 (4–12)

Total days oxygen 2 (0–11)

Total days IMV 0 (0–25.5)

Total days CPAP 103 (15–343)

Grade 3/4 IVH 5 (5.2)

Died 8 (8.3)

Values are either number (%) or median (interquartile range). Deaths
are those occurring in first 2 weeks of life.
CRIB II, clinical risk index for babies; CPAP, continuous positive
airway pressure; IMV, intermittent mandatory ventilation; IVH,
intraventricular haemorrhage.
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The preterm infant exhibits a markedly different circulatory
transition after birth from that of the term infant. Recent
interest has focused on novel measures of systemic blood flow18

and their relationship with the sudden increase in peripheral
vascular resistance observed immediately after birth in an
attempt to effectively identify those preterm infants where the
transition from in utero to ex utero circulation fails. It has
previously been accepted that abnormal peripheral vascular
vasoregulation, characterised by inappropriately low peripheral
vascular resistance, is more prevalent beyond the transitional
period.19 Our data show that dysregulation of microvascular
tone, with high baseline microvascular blood flow, is related to
measures of cardiovascular function and reflected by the degree
of clinical physiological stability in the immediate newborn
period and may influence the transitional circulation. Our
failure to show low flow as a risk factor, as has previously been
seen with SVC, may be related to either different ventilatory
practices or timing of the studies. Most of our infants were
receiving continuous positive airway pressure support with a
consequently lower intrathoracic pressure, a known risk factor
for lower cardiac output.20 Our studies were performed at 24 h,
whereas the studies showing low SVC flow were most sensitive
at 3–11 h of age, with only 3% of infants exhibiting low flow at
24 h.14 This is, of course, not incompatible with our observed
link with severity, as combinations of low flow followed by
high flow are known to be particularly poor markers in some
neonatal systems—for example, the brain.21

Data on the relationship between cutaneous haemodynamics
and measures of cardiovascular function are limited and
confined to the human adult and animal literature.
Reductions in both cutaneous blood flow velocity and flow
have been shown to precede and predict subsequent systemic
haemodynamic events in animal models of haemorrhagic
shock.22 Spontaneous changes in arteriovenous blood flow have
been shown to be accompanied by inverse fluctuations in mean
blood pressure, with elevations in heart rate and cardiac output
occurring with vasoconstriction in adulthood in humans.23

Although increases in peripheral blood flow in the newborn
infant, as measured by plethysmography, are associated with a
rise in heart rate,24 the effect of these changes on the
cardiovascular system has not previously been definitively

studied. Within the neonatal population, capillary refill time,
a crude clinical measure of peripheral microvascular perfusion,
has been shown to correlate significantly with echocardiogra-
phically derived cardiac index but not mean arterial blood
pressure or heart rate.25 Where temporal changes in peripheral
microvascular blood flow and vasomotor activity have been
determined in preterm, very-low-birth-weight infants, with
respect to heart rate and blood pressure, small sample size
prevents useful interpretation of the data.26 It is clear, however,
that peripheral microvascular blood flow, as determined by a
variety of methods, is greater in preterm than term infants5 and
falls significantly in the immediate newborn period.3 9

Our study is limited by both the use of a single technique and
assessment of the perfusion of only one body system, the skin.
Laser Doppler is accepted as one of the best ways to assess the
microcirculation in vivo, but, although it is particularly suited to
the neonatal period because of its non-invasive nature, it does
have its limitations, which are well discussed elsewhere.27

Further studies using different techniques such as peripheral
near infrared spectroscopy or videomicroscopy are warranted in
this population. Is the skin relevant as a representative

Figure 1 Relationship between baseline microvascular blood flow (log
PU) at 24 h of age and clinical illness severity determined by the CRIB II
score in infants of (32 weeks’ gestation (n = 74). r2 = 0.442, p,0.001
multiple linear regression controlling for gestational age.

Figure 2 Baseline microvascular blood flow at 24 h of age in those
infants who died (72 h after birth (n = 8) and those who survived for
>72 h (n = 78) (median (SD) 224.7 (106.2) vs 34.1 (57.6) PU;
p = 0.001, Mann–Whitney U test).

Figure 3 Relationship between baseline microvascular blood flow (log
PU) at 24 h of age and mean arterial blood pressure (mm Hg).
r2 = 20.563, p,0.001, multiple linear regression controlling for
gestational age.
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circulation? It is of note that our echocardiographically derived
systemic vascular resistance correlated significantly with the
measured blood flow in the skin, suggesting that the changes we
were seeing were of cardiovascular relevance.

This study shows developmental changes in peripheral
microvascular blood flow and the relationships between it and
measures of clinical illness severity and cardiovascular function.
Deviations in microcirculatory function may contribute to
cardiovascular maladaptation in early neonatal life.
Cardiovascular maladaptation and the resultant hypotension
are common problems in the preterm infant, yet there is little
clinical outcome-based evidence showing improvement in short
or long term morbidity and mortality in response to commonly
used treatments.28 Therefore, the importance of the micro-
vasculature to cardiovascular adaptation after preterm birth
warrants detailed study in infants at greatest risk of morbidity
and mortality.
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What is already known on this topic

c Peripheral microvascular blood flow is subjected to
considerable change in the first days of extrauterine life.

c Peripheral microvascular blood flow is greater in preterm than
term infants.

What this study adds

c Microvascular blood flow in premature infants exhibits
significant relationships with clinical illness severity.

c Microvascular blood flow in premature infants exhibits
significant relationships with cardiovascular function in the
immediate postnatal period.
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