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Summary 

Changes in forehead skin blood flow were determined in 17 healthy, term new- 
borns, using a fiberless diode laser Doppler flow meter (Diodopp). Measurements 
were carried out three times on each infant, at postnatal ages of 16.8 f 7.4 h, 58.9 
f 6.2 h and 121.5 -C 14.2 h (mean + SD.), respectively. Skin blood flow, respira- 
tion, heart rate and skin temperature were recorded simultaneously, while the 
newborns were asleep. During the recordings, the behavioural state of the newborns 
was observed and environmental temperature and humidity were kept constant. 
Postocclusive hyperaemia of the skin blood flow was obtained by pressing the laser 
Doppler probe against the skull for 30 or 60 s. The following parameters changed 
significantly between the first and third measurements (t-test for paired samples): 
the basal skin blood flow during active and quiet sleep decreased, the average 
decrease being 29.4% (P = 0.002) and 25.9% (P = O.Ol), respectively; skin blood 
flow during postocclusive hyperaemia also changed: the time taken to reach maxi- 
mum hyperaemia increased from 17.3 to 22.7 s (P = O.Ol), while the halftime recov- 
ery increased from 46.1 to 57.1 s (P = 0.02). The changes in skin blood flow 
between the first and gecond measurements and between the second and third 
measurements did not reach the level of statistical significance. 
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Introduction 

The microcirculation of the skin is subject to considerable changes in the first few 
days of extrauterine life. Morphological changes were already reported in 1934 by 
Schwalm [161, who described the formation of an extensive papillary capillary net- 
work in the newborn’s skin in the first weeks after birth. This finding was later con- 
firmed by Perera et al. [ 141, who found that the development of this capillary 
network lasted several weeks. Initially, a disorderly capillary network is present 
without papillary loops or with only a few loops. Between 14 to 17 weeks after birth, 
the length and variability of the diameter of the capillaries has been seen to increase 
[3,15,16]. 

Functional changes in the skin circulation of the newborn have been described by 
several authors [1,6,19]. How far the morphological and functional changes in the 
skin are represented in forehead skin blood flow changes, measured by laser Dop- 
pler flowmetry, is the subject of this study. 

Infants and Methods 

Seventeen healthy newborns were studied. Informed consent was obtained from 
the parents of the infants. The infants were born at a mean gestational age of 39.5 
weeks (range 37.3-41.5 weeks) with a mean birth weight of 3888 g (range 2650- 
4840 g). Fifteen infants were delivered spontaneously, one infant was delivered by 
forceps because of a lack of progress and one infant was delivered by caesarian sec- 
tion because of a lack of progress. All had Apgar scores of at least 7 after 1 min and 
9 after 3 min. None of the infants were receiving medication and none of them had 
clinical disturbances. 

All infants were measured three times: on the first day at a mean postnatal age of 
16.8 h (range 6.5-27 h), on the third day, at a mean postnatal age of 58.9 h (range 
49-67.5 h) and on the fifth day at a mean postnatal age of 121.6 h (range 102- 
145.5 h). Measurements were performed at a stable environmental temperature of 
28O + 0.5OC and a stable relative humidity of 60%. Recordings were made l-2 h 
after a feed and lasted 30-45 min, with the infants still sleeping, clothed in their 
cots. Skin blood flow was measured on the newborn’s forehead. This place was cho- 
sen for two reasons, (1) in previous studies on newborn’s skin blood flow we used 
the same measuring site and (2) the forehead is an easily accessible area when new- 
borns are lying under a blanket and the skull offers the possibility of performing 
arterial occlusions without disturbing the newborn infant. 

Skin blood flow was measured in accordance with the laser Doppler method 
described by others [12,18,23]. This method uses the frequency shift of laser light 
scattered by moving particles, e.g. red blood cells, to determine the velocity of the 
particles. Back-scattered Doppler shifted and unshifted light, mixed on a photodet- 
ector surface, produce a frequency spectrum of intensity fluctuations, which is 
dependent on the mean red blood cell velocity and the number of red blood cells. 
The laser Doppler flow value represents not a quantitative flow signal but a value 
consisting of the integrated velocities of all red blood cells measured under the sen- 
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sor. Signal processing provides an output in volts which is proportional to the blood 
flow in vitro. We investigated this in a silicon model containing small channels with 
a diameter of 0.1 mm. This model was covered with human epidermis and perfused 
by a heparinized physiological saline solution containing red blood cells. The red 
blood cell concentrations varied from 0.5% to 3% and the velocities ranged from 
0.5 to 5 mm/s. In this model the laser Doppler flowmeter showed a linear response. 

In the present study, a recently developed laser Doppler flowmeter (Diodopp) was 
used. The light source (Hitachi laserdiode, 5 mW, wavelength 790 nm), two detec- 
tors (Philips BPX40 photodiodes), each at a distance of 2.5 mm from the light 
source, and a Peltier effect element (Melcor), which keeps the sensor’s temperature 
constant, are integrated in the sensor [9,20]. Optical fibres, sensitive to movement 
artefacts, are therefore not used. Signal processing between 30 and 300 kHz provides 
an output in volts. The instrument does not use a linearizer, which may result in a 
slight underestimation of the output signal, due to multiple scattering. The skin area 
illuminated by the laser is estimated at between 15 and 25 mm*. The measuring depth 
of the sensor is, given its wavelength and the distance between light source and det- 
ector, estimated at between 1.5 and 2 mm. 

The site where the laser Doppler sensor was attached was marked carefully and 
was always the same for the three consecutive measurements on each infant. To 
determine the zero flow level and to obtain reactive hyperaemia, the vascular bed of 
the forehead was occluded four times, twice for 30 s and twice for 60 s, during each 
measurement, by pressing the sensor against the skull. The pressure necessary to 
overcome the arterial blood pressure of the newborn infant can easily be achieved. 
This zero flow level determination is necessary because “biological noise”, e.g. 
Brownian molecular movement and vessel wall movement, produce a baseline signal 
that has to be subtracted in analysing the data. How far skull bone perfusion 
increases the zero flow level is unknown. Given the thickness of the newborn’s skin 
and the uncertain measuring depth we cannot be absolutely sure that skull bone per- 
fusion does not contribute to an increase in zero flow level. In addition to the laser 
Doppler signal, the following data were recorded using a Teat MR-30 cassette recor- 
der: skin temperature of the chest (Yellow Springs thermistor probe 409-B), heart 
rate and thoracic impedance respiratory waveform (Hewlett Packard 78214-A). 

The behavioural state was determined by observing the infants and by indepen- 
dently analysing the tracings of respiration and heart rate. Active and quiet sleep 
were distinguished using the criteria of Prechtl [15]. Data analysis: laser Doppler 
flow was measured in arbitrary units (au) above zero flow level. Reactive 
hyperaemia was described by the following parameters (Fig. 1): the maximum blood 
flow after occlusion (V,,); the time taken in seconds to reach the maximum 
response (t,,); the time taken in seconds to achieve a recovery level halfway between 
the maximum and preocclusive levels (t,,,). Furthermore, we calculated the 
percentage increase in skin blood flow above preocclusive level (overshoot). 

All data recorded on tape were fed into a personal computer at a sample fre- 
quency of 10 Hz. For statistical analysis the t-test for paired samples was used. The 
difference in average flow values were considered significant if the P value was less 
than 0.05. 
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Results 

A representative recording of forehead skin blood flow, respiration, heart rate 
and skin temperature, including a postocclusive reactive hyperaemia, is shown in 
Fig. 1. 

The baseline forehead skin blood flow was found to decrease significantly during 
the first 5 days, in active as well as in quiet sleep. During active sleep, the flow 
decreased from 29.3 f 11.7 au to 17.6 2 7.1 au. During quiet sleep, the flow 
decreased from 23.5 -C 11.7 au to 13.9 f 7.9 au. The average decrease in skin blood 
flow was 29.4% and 25.9% for active and quiet sleep, respectively (P < 0.01) 
(Fig. 2). 

No significant differences could be found between the reactive hyperaemia para- 
meters recorded after 30 and 60 s occlusion and therefore the results were combined. 
The time taken to reach maximum flow after occlusion (t,,,,) increased during the 
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Fig. 1. Representative recording of skin blood flow, including reactive hyperaemia after 1 min of occlu- 
sion. Heart rate, respiration and skin temperature are also presented. V,, maximum blood flow after 
occlusion; tmu, time taken to reach maximum response; t,,,, half-time recovery. 
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Fig. 2. Histogram showing the differences in baseline skin blood flow and reactive hyperaemia parame- 
ters on day 1 and on day 5. 
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Fig. 3. Induced reactive hyperaemia on day 1 and on day 5, showing the most relevant differences in skin 
blood flow. 
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first 5 days from 17.3 f 6.9 s to 22.7 +: 7.7 s (mean f SD.), the average increase 
was 24% (Fig. 2). The halftime recovery (t,,,) increased in the first 5 days from 46.1 
f 10.2 s to 64.5 -C 17.4 s (mean +1 S.D.), with an average increase of 29% (Fig. 2). 
No significant changes could be found in the maximum flow during hyperaemia 
(V,,). 

All the differences observed between day 1 and day 3 and between day 3 and day 
5 were too small to reach the level of statistical significance. The variations in skin 
temperature were very small and did not significantly influence the skin blood flow. 

The results are summarized in Fig. 3, where the mean values of reactive hyperae- 
mia on day one and on day five are presented. 

Discussion 

The results of the present study indicate that changes in forehead skin blood flow 
do occur in the first week after birth. The baseline skin blood flow decreased signifi- 
cantly during the first 5 days, the average decrease being 29.4% and 25.9% for 
active and quiet sleep, respectively. This can be explained, at least partly, by the 
morphological changes in the microvessels of the skin. Just after birth, the micro- 
vascular bed of the skin consists primarily of larger vessels and a disorderly capillary 
network with none or very few papillary loops [3,14,16]. This provides a relatively 
small vascular exchange area. Therefore, a relatively large flow is necessary to meet 
the needs of nutrition and, in particular, thermoregulation after birth. In the first 
week after birth, enlargement of the capillary network takes place, with an increase 
in height and rotation of the papillary loops [ 14,161. This results in an increase in the 
microvascular exchange area in the skin, in which periodic vasodilation and vaso- 
constriction appears (so-called vasomotion) [7]. The enlargement of the microvascu- 
lar exchange area and the possibility of a more selective perfusion, leads to a more 
effective and, therefore, lower skin blood flow. The differences in skin blood flow 
found between active and quiet sleep agree with previous findings, where the skin 
blood flow during active sleep was increased by an average of 28%, compared to 
skin blood flow during quiet sleep [ZO]. 

The results of the present study are in agreement with the findings of Ahlsten, 
who used the transcutaneous PO, method as an indicator of skin blood flow and 
observed a decrease in baseline skin blood flow during the first few days of life [l]. 
Stromberg, who used laser Doppler flowmetry [19], also found a decrease in base- 
line skin blood flow during the first few hours of neonatal life. Earlier studies on this 
subject using venous occlusion plethysmography showed similar changes in total 
blood flow in the leg [4,22]. Norman et al. [13] described an increase in capillary 
blood cell velocity, measured with videometric microscopy, which seems to 
contradict our results. Laser Doppler flowmetry, however, measures more than just 
capillary blood flow. The penetration depth of most laser Doppler sensors is several 
millimeters [2,5,10]. The penetration depth of the laser Doppler used in this study is 
between 1.5 and 2 mm. This implies a skin blood flow signal derived from capillaries 
and, in greater part, from thermoregulatory microvessels deeper in the skin. This 
thermoregulatory flow might be different and even bypass [13] the capillary nutri- 
tional flow. 
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During the first week, the reaction of the microvascular bed to occlusion also 
changes (Fig. 3). The i_ and the t,,, both increased, by 24% and 29%, respectively. 
During occlusion, hypoxia occurs, which induces vasodilatation through the accu- 
mulation of metabolites [8,21]. Because the amount of skin microvessels with a rela- 
tively large diameter dominates the few or non-existent capillary loops on the first 
day of life [14,16], a low resistance followed by a rapid reactive hyperaemia with a 
short t,, is most likely. On day 5, the newly formed capillaries, with a smaller diam- 
eter, produce prolonged reactive hyperaemia and an increased recovery time, repre- 
sented by an increased t_ and t,,,. 

The maximal flow after occlusion did not change significantly, despite the mor- 
phological and regulatory changes in the microvascular bed. Short-term occlusion 
(30 or 60 s) probably only causes partial reactive hyperaemia. Studies on adults [l l] 
have revealed that an occlusion of several minutes is required for measuring the 
maximum skin blood flow capacity. The reactive hyperaemia occurring after 30 or 
60 s of occlusion merely represents the vascular reaction to changes in transmural 
pressure and the reaction to a dilator substance [17]. 

We conclude that changes take place in the basal skin blood flow and in the tmm 
and the t1,2 of the postocclusive reactive hyperaemia during the first 5 days after 
birth. This is most likely the result of morphological and regulatory changes in the 
microvasculature of the skin. 
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