
 

 

 University of Groningen

Tissue oxygenation monitoring in newborn infants at risk of circulatory failure
van der Laan, Michelle

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van der Laan, M. (2015). Tissue oxygenation monitoring in newborn infants at risk of circulatory failure.
[Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/f76ca181-6c3b-4801-bd6e-93cd87a0da5b


Chapter

7

Volume expansion does not alter cerebral 
tissue oxygen extraction in preterm infants 

with clinical signs of poor perfusion

Elisabeth M.W. Kooi, Michelle E. van der Laan, Elise A. Verhagen, 

Koenraad N.J.A. Van Braeckel, Arend F. Bos

Neonatology 2013;103:308-14



Abstract

Background: Preterm infants with signs of poor perfusion are often treated with 

volume expansion, although evidence regarding its effect on cerebral perfusion is 

lacking. Moreover, the effect is questionable in preterm infants with an adequate 

cerebrovascular autoregulation (CAR). A useful measure to assess perfusion is 

cerebral fractional tissue oxygen extraction (cFTOE).

Objectives: To assess the effect of volume expansion on cFTOE in preterm infants 

with signs of poor perfusion.

Methods: In this observational study, we assessed cFTOE using near-infrared 

spectroscopy in preterm infants with signs of poor perfusion before, during and 

1 h after volume expansion treatment. Simultaneously, we measured mean arte-

rial blood pressure (MABP). We tested the effect of volume expansion on both 

cFTOE and MABP, using multi-level analyses. We intended to define a subgroup 

that responded to volume expansion with an increase in blood pressure and a 

decrease in cFTOE, suggesting absent CAR.

Results: In 14 preterm infants, with a median gestational age of 26.7 weeks 

(25.0–28.7 weeks) and a median birth weight of 836 g (615–1,290 g), we found 

a small increase in MABP during (1.4 ± 1.4 mm Hg, p = 0.003) and after (1.8 ± 1.7 

mm Hg, p = 0.001) volume expansion, but no change in cFTOE during (–0.19 ± 

0.1% p = 0.44) or after (–0.53 ± 0.1% p = 0.34) volume expansion. We were unable 

to define a subgroup lacking CAR.

Conclusions: Cerebral perfusion, as assessed by cFTOE, does not improve in pre-

term infants with signs of poor perfusion following volume expansion. In these 

infants, either CAR is present or volume expansion is inadequate to affect cFTOE.
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Introduction

Volume expansion is the treatment of choice for preterm infants with hypotension or signs of compro-

mised organ perfusion (1,2). The purpose of administering intravenous volume is to increase or maintain 

cerebral and other organ perfusion so as to prevent tissue hypoxia and ischemia and subsequent cell 

damage (3). There is little evidence supporting the use of volume expansion in preterm infants. Some 

studies have shown a transient increase in blood pressure but, considering long-term outcome and 

mortality, a meta-analysis concluded that there were no beneficial effects of volume expansion (4). In 

fact, withholding volume expansion in preterm infants with hypotension but who otherwise show signs 

of adequate organ perfusion, resulted in a similar clinical outcome to normotensive preterm infants (5). 

However, randomized controlled studies investigating the value of volume expansion in hypotensive 

preterm infants with or without clinical signs of adequate perfusion are lacking.

The question arises whether treating hypotensive preterm infants with volume expansion does in-

deed result in increased tissue perfusion rather than only higher blood pressure. This is relevant because 

hypotension is probably a poor indicator of cerebral perfusion (6). Measuring actual tissue perfusion 

in preterm infants continuously, however, is currently unavailable for clinical use (7). As some infants 

do develop brain and organ damage following mild or severe periods of hypotension while others 

do not (8,9), individual factors may be involved. One such factor may be the presence or absence of 

cerebrovascular autoregulation (CAR). In infants with inadequate CAR, it is assumed that maintaining 

mean arterial blood pressure (MABP) within certain limits to guarantee adequate cerebral oxygen supply 

may be essential in preventing brain damage. In these preterm infants, who tend to be smaller, born at 

younger gestational ages and more prone to die in the neonatal period, high coherences were found 

between MABP and cerebral tissue oxygenation, suggesting impaired CAR (10).

In contrast, other studies have suggested that cerebral blood flow (CBF) may be independent of 

blood pressure, even in preterm infants (11–13), which indicates adequate CAR. In these infants, treating 

hypotension would probably not lead to an increase of CBF.

Near-infrared spectroscopy (NIRS) is a useful, noninvasive, cot-side technique with which cerebral 

perfusion can be monitored continuously in preterm infants. It measures regional cerebral oxygen 

saturation (rcSO2) from which cerebral fractional tissue oxygen extraction (cFTOE) is calculated. cFTOE 

represents a balance of oxygen supply on the one hand and oxygen consumption on the other. On the 

assumption that the oxygen consumption of a preterm brain is relatively constant, fluctuations of cFTOE 

would indicate fluctuations of oxygen supply, and hence of CBF (14).

Our primary aim was to determine the effect of volume expansion on cFTOE, as measured by NIRS, 

in preterm infants with clinical signs of systemic underperfusion. Secondly, we investigated whether 

clinical characteristics influenced this effect.



92 Chapter 7

Methods

Patient population

This was an observational study. We included infants born at a gestational age (GA) of <30 weeks and 

with a postnatal age of <14 days who had been admitted to our NICU between September 2009 and 

September 2011. We selected patients in whom blood pressure was measured invasively using an 

indwelling catheter and in whom NIRS measurements were performed, and for whom the attending 

clinician had ordered volume expansion. We excluded infants with major congenital or cardiovascular 

defects (except patent ductus arteriosus) or intraventricular hemorrhages (IVH) ≥ grade III according 

to Papile, diagnosed before treatment with volume expansion had commenced. We also excluded 

infants who had received inotropes within 24 h before volume expansion commenced. The medical 

ethics committee of the University Medical Center Groningen approved the study, and written informed 

consent from the parents was obtained in all cases.

Volume expansion

At our NICU, volume expansion (15 ml/kg saline in 20–30 minutes) is the first treatment of choice for 

preterm infants, in case of clinical signs of poor perfusion. Parameters to be taken into account in order 

to estimate poor perfusion include: MABP, prolonged capillary refill time, increased heart rate, decreased 

urinary output, paleness, metabolic acidosis and increased lactate levels (15).

Cerebral oxygenation monitoring

We monitored cerebral oxygenation with the INVOS 5100C near-infrared spectrometer with pediatric 

SomaSensors (Somanetics Corporation, Troy, Mich., USA). The SomaSensor was placed on the left fron-

toparietal side of the infant’s head and was held in place with an elastic bandage. Simultaneously, we 

measured the preductal peripheral arterial oxygen saturation (spO2) continuously by means of pulse 

oximetry. All rcSO2 and spO2 data were stored for off-line analysis during the study period, at a frequency 

of 0.2 Hz. We calculated cFTOE with the following equation: cFTOE = (spO2 – rcSO2)/spO2 [16].

Clinical data

Heart rate, respiratory rate and systolic, diastolic and mean arterial blood pressure were measured simul-

taneously (IntelliVue MP70 patient monitor, Philips, Best, The Netherlands). These data were also stored 

for off-line analysis. Finally, we checked the patients’ records for ventilatory support, blood gas values, 

hemoglobin concentration and glucose levels. Cranial ultrasound scans were performed within a week 

before, or after volume expansion.

Statistical analyses

For each patient we used the mean values of all data from 30 min before volume expansion, the mean 

values every 10 min (v10–v30) during the entire period of volume expansion and the mean values every 

10 min (t10–t60) for up to 1 h after volume expansion.
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We used SPSS 16.0 software for Windows (SPSS Inc, Chicago, Ill., USA) for descriptive statistical analyses. 

Data were summarized as mean values ± SD, or as median values and ranges, depending on normality of 

distributions. We used the Spearman rank correlation to determine the correlation between change in 

MABP and change in cFTOE. To determine the course of both cFTOE and MABP values before, during and 

after volume expansion, we built multilevel models (17) using the statistical program MLwiN 2.15 (Uni-

versity of Bristol, Bristol, UK). Multilevel analysis allows more accurate statistical testing than the standard 

repeated measures analysis of variance approach, because it allows unequal numbers of observations 

per individual and it does not assume equality of group variances. Two models were specified with 

measurements (cFTOE and MABP, level 1) nested within subjects (level 2), thereby taking dependency 

between measurements into account in which the intercept represented the baseline measurement 

(before volume expansion). Three terms were used, i.e. before, during and after volume expansion. We 

used a Student t test to test for differences between one estimated mean and the intercept (18). To test 

for differences between two estimated means, we tested the contrast of the sum of the parameters from 

which each estimate is derived using a χ 2 test with one degree of freedom. A probability value of ≤ 0.05 

was considered statistically significant.

We also composed a subgroup of infants that responded to volume expansion with an increase of 

MABP. To determine the existence of a link between change in MABP and change in cFTOE as a measure 

for inadequate CAR, we chose a small and probably clinically irrelevant cut-off value of an increase of 

MABP of 2 mm Hg and a decrease of cFTOE of 5%. By using these small cut-off values, we wanted to 

make sure that we did not overlook a possible relation between the changes.

Finally, we assessed whether responsiveness of cFTOE during or after volume expansion (a decrease of 

>5%, irrespective of MABP changes), was related to baseline characteristics, using the Mann-Whitney-U 

test or the χ 2 test.

Results

Patient characteristics

We included 14 preterm infants who received volume expansion during ongoing NIRS and invasive 

blood pressure monitoring (Figure 1). Table 1 contains the patient characteristics at baseline. We found 

that all the patients showed at least one sign of poor perfusion other than hypotension, being mostly: 

the presence of metabolic acidosis (71%), an increase in heart rate of >20% from baseline (36%) or signs 

of peripheral vasoconstriction (36%).

MABP

Median baseline MABP in our group was 25 mm Hg (range 18–30 mm Hg). Of the 14 infants, 9 had a 

baseline MABP below their GA. Multilevel analyses showed a significant increase in mean MABP of 1.4 

mm Hg ± 1.4 (p = 0.003) during volume expansion and of 1.8 ± 1.7 after volume expansion (p = 0.001), 

compared to baseline (tables 2,3).



94 Chapter 7

TABLE 1. Patient baseline characteristics

Number of patients 14

Gender, male/female 8/6

GA, weeks 26.7 (25.0-28.7)

Birth weight, g 836 (615-1290)

Apgar 5 min (0-10) 6 (3-9)

SNAPPE-II score 47.5 (14-96)

Survival 8/14

Postnatal age at volume expansion, days 0.7 (0.2-10)

Volume per kg, ml 14.5 (9.3-19.1)

Laboratory values
 Hb, g/l 140 (102-172)

 Ht, 1/1 0.42 (0.38-0.52)

 pH 7.31 (6.91-7.48)

 pCO2, kPa 5.2 (4.2-9.6)

 pO2, kPa 6.4 (5.4-8.5)

 Glucose, mmol/l 5.3 (2.7-11)

Concurrent illness

 Patent ductus arteriosus 10/14 

 Necrotizing enterocolitis  1/14

 Clinical sepsis  6/14

 IVH grade 1- 2  3/14

  grade 3-4*  3/14 

Artificial Ventilation

 CPAP  2/14 

 SIMV  9/14 

 HFO  3/14 

FiO2 minimal 27.5 (21-37)

FiO2 maximal 32 (21-100)

Data are shown as median (range) or number when appropriate.
CPAP = continuous positive airway pressure; HFO = high-frequency oscillation; SIMV = synchronized intermittent 
mechanical ventilation; SNAPPE = score for neonatal acute physiology, perinatal extension.
* Detected within 1 week after volume expansion.
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cFTOE

Median baseline cFTOE was 29% (range 3–52%). Multilevel analysis showed no statistically significant 

change in cFTOE during or after volume expansion (tables 2,3).

FIGURE 1. Participant flow diagram

TABLE 2. Course of MABP and cFTOE before, during and after volume expansion

Baseline During VE After VE

v10 v20 v30 t10 t20 t30 t40 t50 t60

MABP, mmHg 25.0 27.0 27.5 27.0 28.0 27.0 27.5 27.0 27.0 29.5

(18-30) (20-31) (20-32) (20-31) (19-31) (18-31) (18-32) (18-33) (18-33) (18-36) 

cFTOE, % 29 29 29 35 28 31 31 32 31 31

(3-52) (2-49) (3-47) (3-45) (4-41) (5-45) (5-45) (6-40) (5-43) (7-44) 

v10-v30 = 10-minute periods during volume expansion; t10-t60 = 10-minute periods after volume expansion; VE = 
Volume expansion.
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Change of cFTOE in relation to change in MABP

Changes in MABP over 10-minute intervals did not correlate with a concurrent change in cFTOE (Spear-

man’s rho: –0.06, p = 0.52, Figure 2). Six infants showed an increase of more than 2 mm Hg per 10 min 

during or immediately after volume expansion. Another infant showed an increase in MABP more than 

40 min after volume expansion. Of these MABP ‘responders’, none had a concurrent decrease of cFTOE 

of more than 5%.

TABLE 3. Effect of volume expansion on cFTOE and MABP using the multilevel model

Baseline During VE (v10-v30) After VE (t10-t60)

change p value change p value

cFTOE, % 29 -0.19 ± 0.1 0.44 -0.53 ± 0.1 0.34

MABP, mmHg 25 1.4 ± 1.4 0.003 1.8 ± 1.7 0.001

Data are shown as mean ± SD and are calculated over three periods (baseline, during volume expansion and after 
volume expansion).
VE = Volume expansion.

FIGURE 2. The course of MABP (grey) and cFTOE (white) before, during and after volume expansion in preterm infants 
with signs of poor perfusion. Data are shown in box-and-whisker plots. The boxes represent the individual values 
between the 25th and 75th centile, the whiskers represent the range of the values, with the exception of outliers. v = 
every 10min during volume expansion; t = time after volume expansion.
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Change of cFTOE in relation to baseline characteristics

Three infants showed a decrease in cFTOE of >5% from baseline during or right after volume expansion, 

without a concurrent change in MABP. We found no differences in baseline characteristics related to this 

‘cFTOEresponsiveness’ (table 4).

TABLE 4. Relation between baseline variables and cFTOE responsiveness, during and after volume expansion

Number of patients cFTOE responders
(n=3)

cFTOE nonresponders
(n=11)

p value

Indicator of poor perfusion at inclusion

 Metabolic acidosis (pH <7.3, BE < -3) 2/3 8/11 0.84

 Increased heart rate (>20% baseline) 0/3 5/11 0.15

 Clinical appearance
 (pale skin color/peripheral coldness)

2/3 3/11 0.25

 CRT ≥3 s 1/3 2/11 0.78

 Diuresis ≤ 1 ml/kg/h 0/3 3/11 0.31

 Hypotension, GA below MABP 3/3 6/11 0.15

NIRS values at baseline

 rcSO2 60% (45-69) 62% (48-85) 0.66 

 cFTOE 0.34 (0.18-0.52) 0.29 (0.03-0.38) 0.46

Concurrent illness

 Patent ductus arteriosus 2/3 8/11 0.47 

 Necrotizing enterocolitis 0/3 1/11 0.59

 Clinical sepsis 2/3 4/11 0.35

 IVH 2/3 4/11 0.35

Clinical characteristics

 GA, weeks 26.3 (25.7-27.1) 27.0 (25.0-28.7) 0.81

 Birth weight (grams) 850 (795-870) 837 (615-1290) 0.78

 Apgar 5 min 4 (3-6) 7 (4-9) 0.31

 SNAPPE-II score 71 (57-77) 42 (14-96) 0.06

 Survival 1/3 7/11 0.35

 Postnatal age at volume expansion, days 0.69 (0.40-0.71) 1.08 (0.21-10.10) 0.57

Data are shown as median (range). To test differences in baseline characteristics between cFTOE responders (>5% 
decrease from baseline during or right after volume expansion) and cFTOE nonresponders, the Mann-Whitney-U or 
χ2 tests were used.
CRT = capillary refill time; SNAPPE = score for neonatal acute physiology, perinatal extension.
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Discussion

This study indicated that volume expansion as a treatment for hypotension in preterm infants with 

signs of poor perfusion led to a statistically significant, but clinically irrelevant, rise in MABP without a 

concomitant change in cFTOE. We also did not observe any simultaneous reduction in cFTOE in the 

small subgroup of infants who did show an increase in MABP of more than 2 mm Hg after volume 

expansion. Even in this population of infants who were treated with volume expansion, because of a 

low blood pressure combined with signs of poor systemic perfusion, volume expansion did not seem to 

alter brain perfusion, regardless of baseline characteristics.

We provide two explanations for this lack of effect of volume expansion on cFTOE. Firstly, the indica-

tions for volume expansion may have been inadequate. Systemic signs of poor perfusion including 

hypotension may not reflect cerebral underperfusion (15) because MABP is not a direct reflection of 

organ perfusion (18). Moreover, critically low blood pressure levels may differ between patients, and 

some preterm infants continue to have adequate organ perfusion despite their MABP dropping below 

certain thresholds (19,13). Dempsey et al. (5) reported that short-term outcomes in untreated preterm 

infants with an MABP below their GA in weeks but otherwise signs of good perfusion during the first 72 

h of life were similar to short-term outcomes of normotensive preterm infants. These infants probably 

had an adequate maintenance of their CBF (20). Maybe part of our population still had sufficient CBF 

despite signs of poor systemic perfusion. The high cFTOE, up to 0.53 in some infants, may, however, sug-

gest that these infants did experience a low CBF which nonetheless remained stable during treatment. 

In at least part of our study group, an adequate CAR probably contributed to a stable CBF regardless of 

fluctuations in MABP.

Secondly, volume expansion itself may be insufficient to increase CBF. This presumption is supported 

by a study by Lundstrom et al. (21). They also reported no significant effect of volume expansion on 

MABP and CBF assessed by xenon clearance technique in 13 preterm infants with an MABP between 29 

and 40 mm Hg. It could well be that saline inadvertently only dilutes the infant’s blood. This then prob-

ably counteracts the intended increased oxygen transport to the brain. Volume expansion using red 

blood cells rather than saline would increase hematocrit, and hence increase cerebral oxygen supply, 

resulting in a decrease of cFTOE, as previously reported in anemic infants (22–24).

Our observations support those recently reported by Bonestroo et al. (25). They also found no change 

in cFTOE during or after volume expansion in 33 preterm infants. Remarkably, they found a similar 

baseline cFTOE of 29% in their group of preterm infants as we found in ours. However, when taking into 

account the fact that they used a sensor that measures roughly 10% lower than our pediatric sensor, 

baseline cFTOE was probably higher in our group than in theirs, which indicates a lower baseline CBF 

in our population. This could be due to an important difference between the 2 studies: theirs used only 

a low MABP cut-off (below GA in weeks) as an indication for volume expansion, rather than a clinical 

estimation of systemic perfusion as we used. In each patient in our study, at least one other sign of poor 

perfusion was observed. Furthermore, our population had a lower median birth weight (836 vs.1,120 g) 
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and GA (26.7 vs. 30.0 weeks). Regardless of these differences, which suggest that we included a more 

vulnerable population, we were still unable to demonstrate any effect of volume expansion on cFTOE.

We recognize several limitations to this observational study. Because of the lack of a randomized 

control group and its retrospective nature, our results were merely observational and might coincide 

with other phenomena. Furthermore, our study sample was relatively small, hampering the interpreta-

tion of statistical tests.

In addition, the NIRS technique has its shortcomings regarding accuracy and precision in assessing 

CBF. Nevertheless, cFTOE has been shown to correlate significantly with other, more established tech-

niques for assessing CBF (16,26).

In conclusion, we found that treatment with volume expansion had no effect on cFTOE in preterm 

infants with signs of poor perfusion, notwithstanding the small rise in MABP that we observed. The 

stability of cFTOE, combined with the fact that other studies found no effect of volume expansion on 

morbidity and mortality in preterm infants, warrants a randomized controlled trial to investigate the 

effect of volume expansion in preterm infants with signs of poor perfusion combined with a proven 

impaired CAR. After having established relevant cutoff levels for cFTOE in preterm infants, NIRS could 

help to identify such infants.
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