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Umbilical artery catheter blood sampling volume and velocity: Impact
on cerebral blood volume and oxygenation in very-low-birthweight
infants
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Abstract

Aim: Blood sampling from umbilical artery catheters decreases cerebral blead volume and cerebral oxygenstion. The aim of
this study was o assess the impact of sampling volume and velocity. Mezhods: Forty-eight infants, median birthweight 965 g
(480--1500 g), median gestational age 27 wk (23—34 wk), were studied during routine blood sampling from umbilical artery
catheters. The sampling procedure was performed following a strict protocol for draw-up volume (1.6 mi), sampling vohune
(1.7 ml or 0.2 ml), re-injection volume (1.6 ml) and flushing volume (0.6 ml), ime of aspiration {40 s or 80 s), re-injection
(30 s) and flushing (6 5). In each infant, sampling volume and aspiration time were subject to sequental vanianon in a
randomized fashion (1.7 mif40 s, 1.7 mU/80 s, 0.2 ml/30 s). Using near-infrared spectroscopy, changes in concentrations of
cerebral oxygenated and deozygenated haemoglobin were measured, and changes in cerebral bicod volume and cerebral
oxygenation were calculated. Results: During all three sampling procedures, oxygenated haemoglobin decreased
significantly from baseline, whereas deoxyzenated haemoglobin did not change. Correspondingly, a decrease in cerebral
blood volume and cerebral oxygenation occurred. This decrease was not affected significantly by extending the sampling
time from 40 s 1o 80 s, whereas it was blunted by reducing the amount of blood withdrawn,

Conclusion: Blood sampling from umbilical artery catheters induces a decresse in cerebral blood volume and cerebral
oxygenation, The magnitude of the decrease depends on the blood volume withdrawn but not an sampling velocity.
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and cerebral oxygenation, as measured by near-infra-
red spectroscopy (NIRS) {4}. In the present study, we

Introduction
Changes in cerebral haemodynamics and oxygenation

are thought to be major causes of intracranial haemor-
rhage and periventricular leukomalacia in premature
infants [1]). Therefore, changes in cerebral haemo-
dynamics and oxygenation should be avoided during
the first days of life when the premature infant’s brain
is most vulnerable to the development of brain lesions.
On the other hand, blood sampling constifutes a
necessity during this crucial time period, especially in
the most crtically il infants who bear the highest risk
of brain damage.

While venipuncture or heel-lance sampling cause
pain [2,3]), thereby inducing hypozaemia and blood
pressure instability, blood sampling via an umbilical
artery catheter (UAC) can be easily performed with-
out disturbing the infant. However, we have shown
previously that UAC blood sampling in VLBW infants
significantly decreases cerebral blood volume (CBV)

investigated whether these changes can be amelio-
rated by performing UAC blood sampling ih a slower
manner, or by reducing the amount of blood with-
drawn from the UAC,

Patients and methods
Patients

Preterin infanis born from 1 August 1999 1o I August
2001 with a birthweight <1500 g and a UAG placed
for clinical reasons were included. Forty-cight infanes
(23 female, 25 male), median birthweight 965 g
(range 4801500 g), median gestation age 27 wk
{range 23—34 wk), were studied during the first 72 h
of life.

* Forty-four of 48 infanrs were delivered by caesar-
ean; 34 were singletons. Reasons for preterm birth
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were premanire rupture of membranes (19), prema-
ture labour (14), pathological heart rate or Doppler
tracings (13), growth rtetardation (2), pregnancy-
tnduced hyperiension (5), and s combination of
factors in some cases. Forty women had received
betamethasone prior to delivery. Only two infants
were outborn.,

Forry-four infants were intubated in the delivery
roommn, and 22 received surfactant there, In 32 infants,
the UAC was placed the delivery room, in the other
16 infants during the first howrs of life. All but three
infants were mechanicaily ventilated during the NIRS
measurements. Three infants were on high-frequency
oscillatory ventilation, the remaining on synchronized
intermittent mandatory ventlation (Babylog 8040,
Drdiger, Liibeck, Germany; HFO or SIMV mode).

Twelve of 48 infants were treated with inotropes
for arterial hypotension during the firsr 48 h of life.
Forty-one were given phenobarbitone daring the tme
period between birth and NIRS measurement for
sedadon. Ulirasound of the brain exhibited intracra-
nial haemorrhage in nine infants during their neonatal
period (subependymal haemorrhage was present in
one infant, a grade If intraventricular haemorrhage in
seven infants and a parenchymal baemorrhage in onc
infant). In four infants, low grade haemorrhage was
present at the time of the study. Three infanis died
before discharge (one from complications of necrotiz-
ing enterocolitis, one with oesophageal atresia, one
from sepsis).

The study was approved by the Instirutional Review
Board of the Medical Faculty of the University of
Essen. Parenral informed consent was obtained in
all cases.

Monitoring

The principle of NIRS is based on the characteristic
absorption of near-infrared light by haemoglobin
depending on the oxygenation state. NIRS enables
non-invasive continuous measurement of changes in
the concentations of oxygenated haemoglobin
(O.Hb) and deoxygenated haemoglobin (HHD).
The sum of O,Hb and HHb is calculated and
described 3s total haemoglobin (fHb). THb corre-
sponds to CBV provided that the haemarocrit remains
constant [5]. Changes in CBV were caiculated using
the forrmula 0.89 x tHb/large-vessel haemoglobin con-
centration in gfdl. Changes in cerebral oxygenation
were described by calculating the oxygenarion index
or haemoglobin difference (HbD) from a change in
Q,Hb minus a change in HHb {5].

For this swudy, the NIRO 300® (Hamamatsu
Photonics, Herrsching, Germany) was used. The
insfrument uses lascr-emiiting diodes to generate
Jight at four different wavelengihs (775, 810, 350,
910 nm). Using an optode holder, a 5-cm interoptode
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separation was chosen for this study. The sampling
frequency was set at 2/s, The optodes were fixed in
the frontotemporal region by an elastic bandage. The
path-length factor used was 4.4. Quantified changes
in chromopheres are presented in micremoles per liore
of tssue. ’

Heart rate, arterial oxygen saturaton and arterial
blood pressure were monitored continuously using
a standard monitoring system (CMS M1167A, Hew-
lett-Packard GmbH, Bdblingen, Germany). Transcu-
ranecus pCQ0, (to-pCO;) was messured using the
Micro(Gas 7650 (Kootron, Neufahrn, Germany).
Arterial blood pressure was measured continuously
via the UAC before and after the end of blood
sampling, because disconnection of the system during
sampling did nor ailow confinuous measurement
during the sampling procediume.

Umbﬂic;zl artery catheters

TACs were routinely inserted in infants exhibiting
severe respiratory distress syndreme and in infants
with blood pressure insrability. Catheters were placed
in the high position above the diaphragm.

Biood sampling

The arterial bicod sampling technigne from the UAC
was defined in detail; disconnections of the catheter
with the check-valve (dead space of the system:
0.3 ml), withdrawal of the draw-up volume (mixture
of blood and infusion solution), withdrawal of the
sample volume, re-injection of the draw-up volume,
flushing with saline solution, reconnection, In con-
trast to our first study, where nurses were asked to do
the bloed sampling procedure *“as usual®, resulting in
different rime intervals for the different steps of
sampling and different volumes withdrawn, the time
periods for the different steps of sampling were
specified, as were the draw-up volume and the volume
of saline solution used for flushing. Prior to the
sample being taken, a draw-up volume of 1.6 ml
was withdrawn to assure accurate measurements [6].
Flushing with 0.6 ml saline was performed at the
end of the procedure. Velocity of flushing was set at
0.1 ml/s to avoid retrograde flow and blood pressure
changes induced by faster flushing [7]. Re-injecrion of
the draw-up volume was performed over 30 s. The
sample volume corresponded to the minimal needs
for the laboratory analysis; 1.7 ml for blood count,
C-reactive protein, creatinine, sodiwm, potassium,
chloride, calcium, giucose, and blood gas analysis in
the morning of days | and 2, and 0.2 mi in the
afternoon for glucose and blood gas analysis.

The first variable parameter of interest was the time
of aspiration of the blood volurne: an aspiration period
of 40 s (median of the first study [4]) was compared
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with 80 s. An aspiration time of longer than 80 s was
not chosen, because blood was replaced and clotting
had to be avoided. The sequence of sampling (aspira-
tion time of 40 s in the morning of day 1 of life and
80 s in the morning of day 2 or vice versa) was
randomized {closed envelops).

The second variable parameter of interest was the
sample volume. A volume of 1.7 ml was compared to
0.2 ml, The small volume was always taken in the
afternoon of day 1 of life_

The protocol is shown in Figure 1.

Calcularions and statistical analysis

Planming this study, we calculated that a study
population size of at least 34 infants was required to
detect a2 50% decrease in chianges in NIRS parameters
by changing sampling velocity with 80% power at the
0.05 level.

All eontinuously recorded data were transferred to a
computer via the MacLab 165 ADInstruments and
stored with a frequency of 2/s for later amalysis.
Optical analysis of all tracings was performed before
further analysis to exclude artefacts.

Mean values of Q,Hb, HHb, HbD, CBY, heart
rate, oxygen saturation and transcutaneous pCO;
were calculated over the following periods:

® baseline of 2 min;
e last 10 s of aspiradon for 40-s sampling;
o last 20 s of aspiration for 80-s sampling;

last 5 s of aspiration for small-volume sampling;
last 10 s of re-injection;

whole flushing period of 6 s;

5 min after the end of the sampling procedure

¢ @ 0

Mean values over 10 3, 20 s and 5 s for the 40-s,
80-5 and small-volume sampling periods, respectively,
were calculated to make data comparable as the
relative amount of volume aspirated before that period
was the same.

Mean arterial blood pressure was calculated over a
baseline period from 2 min to 30 s before sampling.
After the end of the procedure, mean values were
calculated over the time period 30 s to 5 min.

To assess differences from baseline, the paired t-test
was performed between baseline and the periods of
sampling for all parameters measured, Bonferroni
Dunn procedure was used to correct for multiple
testing. To compare between different modes of
sampling, ANOVA was performed. P-values of
<0.05 were considered significant.

Resulis

NIRS measurements were performed in 48 preterm
infants. Before further analysis of the NIRS data, the
tracings were plorted and visual analysis was per-
formed to exclude artefacts. Analysis of 40-s sampling
was possible in 42 infants, 80-s sampling in 43 infants,
and smailler-volume sampling in 40 infants. This
resulted in the possibility of paired comparison for

Aspiration Re-injection Flushing
of sample and draw-up volume of draw-up volame ity saline solution
A y
i.6ml
40 seconds
B
20 seconds
C
30 seconds 30seconds | 6seconds

Figure 1. Protoco! for the three different blood sarapling procedures. The variable parameters are the time of aspiradon and the sample
volume. A) 40-s sampling with 1.7-ml sampling volume; B) 80-s sampling with 1.7-m! sampling volume; C) small-volume sampling with

0.2-1n] sampling volume.



39 cases of 40-s versns 80-3 sampling, 38 cases of 40-s
versus smaller-volume sampling, and 37 cases of 80
versus smaller-volume sampling.

Monitoring data could not be obtained during the
full time of the measurement period in 23 measure-
ments of pCO, values and in five measurements of
arterial blood pressure.

O:Hb

0,Hb decreased significantly from buaseline levels
during aspiration, re-injectfon of the draw-up volume,
and flushing with saline during all three procedures
(Figure 2). O,Hb was still significantly below baseline
during the first 5 min after the end of the procedure in
40-s and 80-3 sampling:

HHp

No significant changes in FHXb occurred duting any
procedure (Figure 2).

CBYV

 CBV decreased significantly " from baseline levels
duting all three types of sampling (Figure 2).

HbD

There was a highly significant decrease in HIbD during
all three types of sampling and all time periods of

sampling (Figure 2).

O, 8b
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~Comparison of NIRS data between blood sampling
procedures

Comparison between the different blood sampling
procedures showed overall significant differences
berween the effects of taking a large or a spoeall volume
of bloed, but no significant difference between 40-s
and 80-s sampling (Figure 2).

Monitoring data

Heart rere. Heart rate increased slightly but sipgnifi-
cantly from baseline during all three blood sampling
procedures (Table I).

Arterial oxygen saruration. Arterial oxXygen saturation
values, as measured by pulsoxymetry, did not change
during the measurement period. .

Te-pCO, No changes occurred in tc-pCO, values
charing and after blood sampling.

Mean arterial blood pressure. Mean arterial blood
pressure calculated over the time period from 30 s
to 5 min after the end of blood sampling was not
significantly different from baseline after 40-s sam-
pling (before: mean 36,4 mmHg, SE 0.8; after: mean
37.3 mmHg, SE 0.9; p=0.1). Mean arterial blood
pressure increased slightly but significantly after 80-s
sampling (before: mean 36.4 mmHg, SE 1.0; after:
mean 37.8 mmHg, SE 1.1; »=0.007), and after
small-volume sampling (before: mean 36.8 mmHg,
SE 1.2; afrer: mean 38.3, SE 1.3; p=0.01).
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Figure 2. Changes in the NIRS parameters O,Hb, HHb, HbD and CBV during 40-5 sampling (A), 80-s sampling (B) and smalf-volume

sampling (C) at the different tme points of the sampling procedure.

Significant changes as compared to bascline are marked by asterisks:

*oexp 20.001; **p <0.01; *p <0.05. Significant differences between sampling procedures are marked by # (40-s sampling versus small-
volurae sampling) and ¥ (80-s sampling versus small-volume sampling). There are no significant differences between 40-s szmpling and

20-5 sampling.
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Table I Heart rate (bpm, mean+SE) during blood sampling procedures.

5 wmin after
Baseline Aspiration Re-injection Flushing the procedure

40-s sampling 141.541.7 1422420 143419 1411425 1415418
LS. p=0.01 TLS. n.s,

80-s sampling 139.4-+2.0 142.14+2.0 142.1+1.9 140.44+2.5 140.542.0
p <0.6001 P <0.0001 n.s. ns.

Small-volume sampling 1421417 1435+1.7 1435+1.8 1432+1.9 142.9+1.9
2 =0.0005 p=0.0004 p=0.04 ns

Discussion

This study demonstrates that blood sampling from a
UAC induces an inevitable decrease in CBV and
cerebral oxygenation in preterm infants. In contrast 1o
our expectations, reducing sampling velocity failed to
prevent the reduction of oxygen supply to the preterm
infant’s brain associated with the blood withdrawal
from a UAC. Sampling volume appears to be central
in detertnining the magnitude of this decrease. Un-
fortunately, the draw-up volume constitutes a lower
limit for efforts to reduce the total amount of blood
withdrawn. Previous studies have shown that a mini-
mum draw-up volume of 1.6 ml is required for
accurate results {6]. Significant reductions of CBV
and cerebral oxygenation were already observed at
tota! volumes of 1.8 ml. Thus, decreasing the draw-up
volume further would be necessary to prevent sig-
nificant changes in cerebral oxygen supply associated
with UAC sampling. This will require careful re-
evaluation of the limits of the draw-up volume without
compromising the quality of analysis. While there are
limits to reducing draw-up volume, reducing the
amount of blood necessary for laboratory analysis is
more feasibie. Both improved equipment and dedi-
cared personnel are important to achieve this goal.
While centralized analysis in large hospiral labora-
tories may be more economical, technicians are not
famniliar with the small volumes of blood obtained
from very-low-birthweight infants and may require
special education. Following completion of this study,
we have been able to cut the amount of blood
necessaty for standard determinations by more than
50%. We invited physicians and technical assistants
from the laboratory to visit our unit and look at our
unigue patient population. Special care was then
given to bandling of the probes, tubes to ease rescue
of as much serum as possible were introduced, and

dilution of the serum is performed when the volume

is insufficient.

CBYV decreased significantdy from baseline during
all three types of sampling. In contrast to a previous
study [4], where CBV decreased significantly during
aspiration only, we have now been szble to demon-
strate a significant decrease from baseline vntil 5 min
later (40-s sampling) and until flushing (80-s sam-

pling). However, as absolute values are in the same
range, this effect might be ezplained by the higher
muamber of infants included and the more stringent
protocol causing less variance in data.

Changes in systemic haemodynamics during blood
sampling were monitored by changes in heart rate
and arterial blood pressure. As shown by the increase
in heart rate during all three types of blood sampling,
the loss of blood volume prompts counter-regulating
mechanisms. While no significant changes in mean
arterial blood pressure were recorded after 40-s
sampling, mean arterial pressure increased signifi-
cantly after 80-s sampling and after small-volume
sampling. We speculate that counter-regulating
mechanisms—the increase in heart rate and a hypo-
thetical increase in vascular tone-—might increase
blood pressure so effectively that, after slower sam-
pling or small-volume sampling, even the resulting
blood pressure is above baseline.

There have been two other studies using NIRS,
since our first smdy published in 2000 [4], to analyse
the effects of UAC blood sampling on the preterm
infant’s brain {8,9]. Schulz et al. [9] assessed the effect
of sampling velocity on changes in CBV and cerebral
oxygenation. In contrast to the results of our present
study, they demonstrated that slower blood sampling
prevented a decrease in cerebral oxygenation in
preterm infants. The study desipn differed from ours
in several ways. Schulz et al. compared a sampling
time of 20 s to a sampling time of 40 s. The slower
sampling time corresponded to the faster sampling
time in our study. While we have shown significant
decreases in cerebral oxygenation and CBV during
40-s sampling as well as 80-s sampling, Schulz et al.
only describe these changes during 20-s sampling. We
assume that one reason for this discrepancy is the
difference in main patent characteristics. Infanis
included in the study by Schulz et al. were more
mature {median 30 vs 27 wk), their birthweight was
higher (median 1170 g vs 965 g) and their clinical
condition was described as stable. Only four of
20 were on mechanical ventilation as compared to
45 out of 48 in this study. Therefore, infants in our
study might have been more prone to show alterations
in cerebral haemodynamics and oxygenation. Bray
et al. reported on the effects of withdrawal and



infusion via UACs in 16 preterm infants [8]. Infants
were more mature and of higher birthweight than
infants in our study; but they were all studied during &
critical period of 24 h after birth, all were on
mechanical ventilation, and 11 out of 16 were on
inotropes. Withdrawal time for 3 ml of blood was 30 s.
Re-infusion of the same blood volume was performed
4 1min later over a 30-s pericd. CBV and cercbral
oxygenation decreased significantly. Interestingly, the
effect was blunted by ibuprofen. The substance was
given for clinical purposes to 10 of the infants, and the
study protocol repeated thereafrer.

What are the conclusions of our study? Should we
avoid blood sampling from UACs? The effect of
sampling by radial artery catheters, which are used
in some neonatal intensive care umits as a first choice,
has not been smudied so far. As the total amount of
blood withdrawn from circulation appears to be
crivical, strategies replacing UAC with umbilical
venous catheter (UVC) sampling [8] or choosing a
low-position UAC [10] have met with limited success.
Bray et al. demonstrated that drawing blood from a
UVC decreases CBV and HbD to an even more
pronounced extent than sampling from a UAC [8].
Lott et al, used Doppler sonography to analyse the
effects of blood withdrawal and infusion via a UAC
[10]. Changes in blood flow velocities—a decrease
during withdrawal and an increase during redn-
fusion—were less pronounced when performed from
low-positioned UACs [10]. However, while UACs in
the high position have been proven to be safe
concerning intestinal blood supply [11,12], this has
not been investigated for UACs in the low position,
and other disadvantages of low-positioned UACs are
obvious [13]. Heel lancing or venepuncture do not
require draw-up volume but are fraught with pain,
which itself carries the tisk of derangement [2,3].

Tt is unclear at present whether the decrease in CBV
and cerebral oxygenation observed during UAC blood
sampling is of clinical importance. Remarkably, in the
newborn beagle puppy, haemorrhagic hypotension
preceding volume re-expansion is an adequate stimu-
Ius to produce intraventricular haemorrhage experi-
mentally [14]. Blood sampling from UACs results in a
similar sequence of events, but relatively smaller
volumes are used. Furthermore, UAC blood sampling
is a frequently performed procedure in sick infants,
who are most prone to intraventricular haemorrhage.

In summary, we have demonstrated that sampling
volume, not sampling velocity, determines drop in
CBV and cerebral oxygenation induced by blood
sampling from UACs. To avoid these potentdally
harmful effects, blood sampling should be restricted
as much as possible.
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Abstract
AIM: Blood sampling from umbilical artery catheters decreases cerebral blood volume and

cerebral oxygenation. The aim of this study was to assess the impact of sampling volume and
velocity.

METHODS: Forty-eight infants, median birthweight 965 g (480-1500 g), median gestational age
27 wk (23-34 wk), were studied during routine blood sampling from umbilical artery catheters. The
sampling procedure was performed following a strict protocol for draw-up volume (1.6 ml),
sampling volume (1.7 ml or 0.2 ml), re-injection volume (1.6 ml) and flushing volume (0.6 ml), time
of aspiration (40 s or 80 s), re-injection (30 s) and flushing (6 s). In each infant, sampling volume
and aspiration time were subject to sequential variation in a randomized fashion (1.7 mi/40 s, 1.7
mi/80 s, 0.2 mi/30 s). Using near-infrared spectroscopy, changes in concentrations of cerebral
oxygenated and deoxygenated haemoglobin were measured, and changes in cerebral blood
volume and cerebral oxygenation were calculated.

RESULTS: During all three sampling procedures, oxygenated haemoglobin decreased
significantly from baseline, whereas deoxygenated haemoglobin did not change.
Correspondingly, a decrease in cerebral blood volume and cerebral oxygenation occurred. This
decrease was not affected significantly by extending the sampling time from 40 s to 80 s, whereas
it was blunted by reducing the amount of blood withdrawn.

CONCLUSION: Blood sampling from umbilical artery catheters induces a decrease in cerebral
blood volume and cerebral oxygenation. The magnitude of the decrease depends on the blood
volume withdrawn but not on sampling velocity.
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