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Abstract

Infants in the Australian and UK BOOST-I1 trials using revised oximeters spent more
time within their planned SpO: target ranges than infants using the original oximeters
(P<0.001). This may explain the larger mortality difference seen with revised oximeters.
If so, average treatment effects from the NeoPrOM trials may be underestimates. (49

words)

Main text

The five Neonatal Oxygen Prospective Meta-analysis (NeoPrOM) trials evaluated the effects,
in extremely preterm infants, of targeting lower (85-89%) versus higher (91-95%) pulse
oximeter saturation (SpO2) on death or disability.! Meta-analysis shows that for every 1,000
infants, targeting lower versus higher SpO: led to no difference in the primary composite
outcome of death or major disability up to 18-24 months, and no difference in major
disability, including blindness, but resulted in 28 more deaths, 22 more infants with NEC but

42 fewer infants receiving treatment for ROP.2

A challenge in analysing the trials was discovery in 2011 of an artefact in the study
oximeters’ calibration.® Downloaded SpO- values from Masimo oximeters in 176 preterm
infants in 35 neonatal units had a non-physiological distribution with a large dip between 87

and 90% (figure 1, online). Masimo reported that this reflected their decision to adjust the
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calibration of their oximeters so that at values above 87% the displayed SpO- was increased
by 1-2% 3. As well as fewer values than expected between 87-90%, this manufacturer-
generated artefact returned more SpO; values than expected above 90%?3, thus affecting both
target groups in the NeoPrOM trials. By elevating SpO> readings of 88 and 89% to higher
displayed values the artefact would be expected to make the low target group range of 85-
89% narrower and harder to target. By elevating SpO- values in the range 90-95% by 1-2%
above the true value the artefact would mean that actual achieved SpO: values in the high
target range with the original oximeters were lower than intended, narrowing the difference in

SpO2 between groups.

Although the original oximeters performed within required standards for accuracy, at the
investigators’ request Masimo provided revised software restoring the expected SpO-
distribution®# and the oximeters were changed to the revised software in three of the
NeOProM trials #°. According to Masimo, oximeters sold since then have incorporated

revised software.

The effect of the oximeter revision on targeting accuracy and mortality is debated. In an
interim safety analysis of the BOOST-II Australia and UK trials,® the relative risk of 36 week
mortality was increased by 65% in low-target versus high-target infants using revised
oximeters (21.8% vs. 13.3%; P<0.001), but was not significantly different in low-target
versus high-target infants using original oximeters (test for interaction between results for
revised and original oximeters P = 0.006). Each trial was stopped early to prevent avoidable

deaths that might occur with continuing enrolment.®

Whyte et al’ found no difference in targeting accuracy between original and revised oximeters
in the BOOST-II trials*8°, as measured by the difference in the median of the median SpO;

distributions for the low and high-target groups. They concluded that decisions about optimal



SpO2 targets should not be restricted to data obtained with revised oximeters.” However, an
infant’s median SpO; value does not describe the time they spent in their intended SpO-
target range, which is a more meaningful measure of targeting accuracy. We now report an
infant-specific analysis of time spent in the intended SpO target ranges among infants
managed using original and revised oximeters in the BOOST-II Australia and BOOST-11 UK

trials.

Methods:

For each of the 2096 infants in the BOOST Il Australia and UK trials for whom oxygen
saturation data were available, we calculated the percentage of all time on the oximeter that the
infant spent at each SpO, value. We then determined the proportion of time that each infant
spent in the low- and high-target ranges. Using these infant-specific proportions, within each
randomised treatment group we calculated the difference between the original and revised
oximeters in the mean proportion of time spent in each range, stratified by trial. For the low-
target range, the net improvement in targeting was defined as the increase in the mean
proportion of time spent in that range by infants in the low-target group minus any increase in
the time spent in that range by infants in the high-target group. Similarly, the net improvement
in targeting of the high-target range was defined as the difference between the increase in time
for infants allocated to the high-target group and the increase for infants in the low-target group.

The overall improvement in targeting was then defined as the sum of these two improvements.

Because the infant-specific proportions of time spent in each range must lie between 0 and
100%, and because the times in the low- and high-target ranges for a particular infant are not
independent, the assumptions required by standard parametric statistical methods do not hold.

Therefore, we used non-parametric methods to draw inferences from these data.



To estimate non-parametric 95% confidence intervals for the values of interest, we used
bootstrapping®: randomly sampling infants from the original data with replacement mimics
the process of sampling from the population, and we repeated this 10,000 times. By calculating
the targeting improvements in each of these 10,000 resampled datasets, we obtained a
distribution of ‘bootstrapped’ parameter estimates, from which we obtained a plausible range

for the true parameter of interest.

Non-parametric two-sided p-values were calculated by conducting permutation tests*'*2, This
approach is based on the fact that we can produce a dataset in which we know the null
hypothesis of no software effect is true by randomly shuffling the software labels between
infants from the original dataset. We did this 10,000 times, allowing us to estimate the
distribution of targeting improvements that could be observed if the null hypothesis were true.
The p-value is then the proportion of times that the magnitude of the targeting improvements

calculated from the permuted datasets exceeded that observed in the original data.

Results:

SpO- data were available for 1128/1135 infants in BOOST-II Australia and for 968/973
infants in BOOST-II UK. Low-target group infants in BOOST-II Australia using revised
oximeters spent 5.8% more time in the low SpO- range of 85-89% than those using the
original oximeters. Similarly, in BOOST-11 UK low-target infants using revised oximeters
spent 5.3% percent more time in the low SpO2 range of 85-89% than those using the original
oximeters. High-target infants using revised oximeters spent 3.3% and 1.7% longer in the low
SpO:> range than high-target infants using original oximeters in the Australia and UK studies

respectively, leading to a pooled net improvement of 2.9% (95% confidence interval: 1.4 —



4.4%; p<0.001) in targeting the low range using revised oximeters across the two trials (table

1 and figure 2).

In BOOST-II Australia, high-target infants using revised oximeters spent 3.2% more time in
the high SpO2 range of 91-95% than those using original oximeters, while low-target infants
spent 0.1% longer in the high SpO. range, giving a net improvement in targeting the high
SpO2range of 3.1%. In BOOST Il UK, high-target infants using revised oximeters spent
4.5% less time in the high range than those using original oximeters, while low-target infants
spent 2.2% less time in that range, giving a net deterioration in targeting accuracy of 2.2%.
Pooling the data stratified by trial gave a net improvement in targeting the high target range

of 1.0% (95% CI: 1.0% deterioration — 3.0% improvement; p = 0.322).

The combined net improvement of proportion of time spent in correct target range across
both low- and high-target ranges associated with revised oximeters was 3.9% (95% CI: 1.6 —

6.2%: p < 0.001).

Further results from the individual trials are provided in tables 2 and 3 online. In relative
terms, using revised versus original oximeters, low-target infants spent 30-40% more time in

the low-target range in the 2 trials.

Discussion:

We have shown that the revision of the oximeter calibration software in the BOOST-II
Australia and BOOST-I1 UK trials improved SpO; targeting. This was mainly because the
low-target infants on revised oximeters spent longer in their intended SpOz range, increasing
their exposure to lower SpO». This may, at least in part, explain the increased differences in

mortality observed between randomized groups using revised oximeters? and suggests that



our current assessments of average treatment effects may underestimate the risk of targeting

the lower SpO; range.

In pooled analyses of the BOOST-II Australia and BOOST-II UK trials, there was not a
statistically significant difference in mortality at 2 years between randomisation groups with
the original oximeters (p=0.49) '3 but there was a highly statistically significant difference in
mortality between groups with the revised oximeters (p=0.001). The pooled mortality rate of
the high-target groups decreased by 1.8% after the oximeter revision. The pooled mortality
rate of the low-target groups increased by 7.5% after the oximeter revision. The changes in
mortality observed following the oximeter revision were therefore largely explained by

changes in mortality rates in the low target groups.

The small net improvement in the pooled results in targeting the high SpO: target range after
the oximeter changes was not statistically significant. It is important to consider that
displayed values in the higher target range after the oximeter revision represent higher true
SpO; readings than similar readings obtained with the original oximeters. The different
patterns between the two trials in the high target groups after the revision may be explained

by chance

As previously suggested’ our statistical method used “infant” as the unit of analysis by
combining the data for each infant into a summary statistic followed by a comparison
between target groups based on the between-infant variation in the summary statistic. Our use
of percent time in the target range provides a more relevant metric of targeting accuracy than
the median oxygen saturation for each infant previously presented.” It will be helpful if

similar analyses are undertaken on the data from the other oxygen trials.

We analysed all time on the oximeter rather than time when breathing supplemental oxygen

because the trials reported increased mortality with the lower SpO- target range. Lower SpO>



values would be associated with relative hypoxaemia whether or not supplemental oxygen
was in use and would not result in oxygen supplementation in infants in the low SpO- target

groups.

In each trial using revised oximeters (BOOST-Il1 UK*813 BOOST-II Australia*®** and the
Canadian Oxygen Trial®) the observed risk of death was higher in low-target infants, and the
pooled mortality rate was statistically significantly greater in low-target infants. A test for
interaction showed strong evidence (P=0.009) that the pooled mortality results were different
before and after the oximeter change (figure 3, online). The effect of additional centers
joining the BOOST-I1 UK study is unlikely to explain this difference, as no new centers
joined the Australian or Canadian trials after the oximeter revision. However, nurses in the
three trials may have become better at SpO2 targeting over time,” tending to increase the risk
of mortality in lower-target infants. If so, this would strengthen the conclusion that spending

more time in the lower saturation target increases mortality.

The NeOProM Trials show collectively, and particularly in the infants who were treated after
the revision of the trial oximeters, that small differences in achieved SpO> distribution can
have a significant effect on risk of mortality in extremely preterm infants. Clinicians should
understand the performance of the oximeters that they use and this would be facilitated if the

manufacturers of these devices published details of the calibration of their instruments.

In summary, changing the trial oximeters improved targeting, exposing low-target infants to
more time with lower SpO, (P<0.001), which was associated with an increased risk of
mortality. The improved targeting was captured by measuring time spent in the intended
SpO:; target ranges, but not by measuring the difference in median SpO,.” Regardless of any
effects of changing the oximeters on trial outcomes, the NeoPrOM trials show that aiming for

the lower SpO; target has no significant effect on death or disability, or disability, or



blindness, but increases mortality?. Any proposed trade-off 2 between the benefits (less
treatment for ROP, without differences in blindness or disability) and harms (more deaths and
more NEC) of the low target should be made clear to parents. This information is already

changing clinical practice.}*
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Figure legends

Figure 1, online

Average frequency distributions of the proportion of time spent by individual infants at each
pulse oximeter saturation value while receiving supplemental oxygen in 176 infants

monitored using un-modified Masimo SET Radical pulse oximeters.

From: Arch Dis Child Fetal Neonatal Ed. Johnston ED, Boyle B, Juszczak E, King A,
Brocklehurst P, Stenson BJ. Oxygen targeting in preterm infants using the Masimo SET
Radical pulse oximeter, Volume 96 Page F430. Copyright © (2011) BMJ Publishing.

Reprinted with permission.

Figure 2:
Distribution of patients by proportion of time spent in target range.

Black vertical bars signify the mean proportion of time spent in each target range.

Figure 3, online:

Meta-analysis of Mortality at 18-24 months in the BOOST-1I UK and Australian Trials and
the Canadian Oxygen Trial, sub-grouped according to whether infants were treated with the
original or the revised oximeters, restricted to the UK, Australian and Canadian trials.

Analysed using RevMan version 5.3, Cochrane Collaboration.
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Figure 1, online

Proportion of time spent at each saturation value (whilst receiving supplemental oxygen)
for all 176 infants in the prospective audit
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Figure 2
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Lower SpO2  Higher Sp02 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
1.6.1 Original oximeters
cot 49 281 48 268 18.0%  0.97[0.68,1.40] - v
BOOST-Il UK 21 113 29 114 106%  0.73[0.44,1.20] -1
BOOST-Il Australia 57 345 57 345 20.9% 1.00[0.72, 1.40] -
Subtotal (95% CI) 739 727 496%  093[0.75,1.16] <P
Total events 127 134
Heterogeneity: Chiz = 1.15, df = 2 (P = 0.56); 2= 0%
Test for overall effect: Z =0.62 (P = 0.54)
1.6.2 Revised oximeters
cot 46 273 38 270 14.0% 1.200.81, 1.78] -1
BOOST-Il UK 101 371 69 369 25.4% 1.46[1.11,1.9]] —
BOOST-Il Australia 43 216 30 217 11.0% 1.4410.94,2.21] T =
Subtotal (95% CI) 860 856 50.4%  1.38[1.13, 1.68] <o
Total events 190 137
Heterogeneity: Chi2=0.69, df =2 (P = 0.71); 2= 0%
Test for overall effect: Z = 3.20 (P = 0.001)
Total (95% Cl) 1599 1583 100.0%  1.16[1.00, 1.34] > 4
Total events 317 271

. . ] ] ] ]

Heterogeneity: Chiz = 8.70, df =5 (P = 0.12); 12 = 43% 072 0:5 1 é EIS

Test for overall effect: Z = 1.97 (P = 0.05)

Test for subaroun differences: Chiz = 6.75, df = 1 (P = 0.009), 12 = 85.2%

Favours Lower SpO2  Favours Higher SpO2

Table 1: Combined results. Mean distributions of the proportions of time spent by each
infant in low (85-89%) and high (91-95%) ranges of actual SpO2 using revised versus
original oximeters. Pooled net improvements stratified by trial.

Low-target range
(SpO: 85-89%)

High-target range
(SpO2 91-95%)

Aus UK Aus UK

Low-target infants

Using original oximeters (n=457) 14.3% 17.2% 32.2% 34.7%
Using revised oximeters (n=591) 20.0% 22.4% 32.3% 32.5%
Change using revised vs original oximeters +5.8% +5.3% +0.1% -2.2%
High-target infants

Using original oximeters (n=460) 8.5% 12.3% 38.9% 46.0%
Using revised oximeters (n=588) 11.8% 14.0% 42.1% 41.6%
Change using revised vs original oximeters +3.3% +1.7% +3.2% -4.5%
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Net improvement in targeting

+2.5%

+3.6%

+3.1%

-2.2%

Pooled net improvement

+2.9%

+1.0%

(95% Cl)

(+1.4%, +4.4%)

(-1.0%, +3.0%)

p-value

<0.001

0.322

Overall improvement for both ranges

+3.9%

(95% Cl)

(+1.6%, +6.2%)

Overall p-value

<0.001

Table 2, online

Distributions of the proportions of time spent by each infant in low (85-89%), high (91-

95%) and other ranges of actual SpO2 using revised versus original oximeters. BOOST-

Il Australia.

SpO; range

N <85% 85-89% 90% 91-95% >95%
Low-target infants
Using original oximeters 344 13.0% 14.3% 3.8% 32.2% 36.8%
Using revised oximeters 219 13.0% 20.0% 5.7% 32.3% 29.0%
Change using revised vs o o o 0 o
original oximeters +0.0% +5.8% +1.9% +0.1% -7.8%
High-target infants
Using original oximeters 345 7.4% 8.5% 2.8% 38.9% 42.4%
Using revised oximeters 220 6.8% 11.8% 4.6% 42.1% 34.7%
Change using revised vs
original oximeters -0.6% +3.3% +1.8% +3.2% -7.7%
Net improvement in
targeting +2.5% +3.1%
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(95% Cl) (+0.4%,
+0.4%, +4.6%
(+0.4% ) +5.8%)
p-value 0.017 0.032

Overall improvement for
both ranges

+5.6%

(95% Cl)

(+2.1%, +8.7%)

Overall p-value

<0.001

Table 3, online

Mean distributions of the proportions of time spent by each infant in low (85-89%0),

high (91-95%) and other ranges of actual SpO2 using revised versus original oximeters.

BOOST-I1 UK.
SpO; range
N < 85% 85-89% 90% 91-95% >95%

Low-target infants
Using original oximeters 113 19.0% 17.2% 4.2% 34.7% 24.9%
Using revised oximeters 372 16.1% 22.4% 6.3% 32.5% 22.8%
Change using revised vs

.. . -3.0% +5.3% +2.1% -2.2% -2.1%
original oximeters
High-target infants
Using original oximeters 115 11.4% 12.3% 3.9% 46.0% 26.3%
Using revised oximeters 368 9.5% 14.0% 5.0% 41.6% 29.9%
Change using revised vs

. . -2.0% +1.7% +1.1% -4.5% +3.6%
original oximeters
Net im.provement in +3.6% 2.9%
targeting
(95% Cl) (+1.5%, +5.7%) (-5.3%, +0.7%)
p-value 0.003 0.100
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Overall improvement for
both ranges

+1.3%

(95% Cl)

(-2.3%, +4.8%)

Overall p-value

0.465
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