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Abstract
Objective: To examine the effect of prophylactic continuous positive airway pressure (CPAP) on infants
born in 25 South American NICUs affiliated with the Neocosur Neonatal Network using novel

multivariate matching methods.

Sudy Design: A prospective cohort was constructed of infants with a birthweight 500 to 1500 grams
born between 2005 and 2011 who clinically were eligible for prophylactic CPAP. Patients who received
prophylactic CPAP were matched to those who did not on 23 clinical and sociodemographic variables

(N=1268). Outcomes were analyzed using McNemar’s test.

Results: Infants not receiving prophylactic CPAP had higher mortality rates (OR=1.69, 95% CI 1.17,
2.46), need for any mechanical ventilation (OR=1.68, 95% CI 1.33, 2.14), and death or BPD (OR=1.47,

95% CI 1.09, 1.98). The benefit of prophylactic CPAP varied by birth weight and gender.

Conclusions: The implementation of this process was associated with a significant improvement in

survival and survival free of BPD.



[ntroduction

With an increasing number of infants delivering prematurely throughout the world, thereis
growing attention toward optimizing the disease-free survival of these patients, particularly surrounding
short and long-term pulmonary outcomes. Since 2008, there have been several randomized trialsin both
the devel oped and devel oping world to investigate the impact of using prophylactic continuous positive
airway pressure (CPAP) during or immediately following the initial resuscitation of the very-low birth
weight (VLBW) infant.! These trials suggest that prophylactic CPAP reduces the need for surfactant and
mechanical ventilation compared to either prophylactic intubation with surfactant or oxyhood alone.
However, rates of mortality and bronchopulmonary dysplasia (BPD) were not conclusively lower in
infants treated with CPAP because of either insufficient sample size or the size of the clinical effect. With
this published evidence, more policies support the use of CPAP in the initia resuscitation of VLBW
infants.?®

What is less understood is how the outcomes of VLBW infants are modified when implementing
prophylactic CPAP into standard clinical practice. While there is some evidence showing improvement
in infection rates with the implementation of infection control programsin China® and Nicaragua,” thereis
little information on the outcomes of implementing such a change in respiratory management in
populations outside of Europe and the United States,® where there are different patient populations that
survive to delivery, different medical systems, and fewer resources to obtain and use CPAP effectively.”®
There islimited evidence to assess the impact of CPAP for infants of different birth weights, which may
be important to optimize outcomes in hospitals where CPAP isarare, limited resource for use in the
delivery room. Finally, the association between CPAP and the outcomes may be influenced by selection
bias: children receiving CPAP may have alower illness severity than infants intubated in the delivery
room, which may influence the observed outcomes.

Thus, the goal of this project was to evaluate the effect of prophylactic CPAP on rates of
mortality and bronchopulmonary dysplasia (BPD) in 25 hospitals participating in the Neocosur network

between 2005 and 2011. Neocosur is avoluntary nonprofit network of NICUsin Argentina, Brasil,
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Chile, Paraguay, Peru, and Uruguay, whose main goal isto continuously improve neonatal health in the
region (ww.neocosur.org). Use of CPAP has gradually increased in the Network, with use of CPAP at any
time of the hospital stay increasing from 27% in 2001 to 60.9% in 2012. Prophylactic CPAP wasrarely
employed before 2005; however, after at least 2 workshops were held to teach the correct use of
prophylactic CPAP, this rate has increased to 15.5% in 2012 (non-published data, Neocosur Network).

To handle the potentia problem of selection bias in the infants receiving prophylactic CPAP, we exclude
infants whose clinical status may have resulted in the immediate use of mechanical ventilation, use recent
optimal multivariate matching methods to control for selection bias based on observed covariates, and

conduct sensitivity analyses of the results to bias from unobserved covariates.

Patients and M ethods

Sudy site and patients:

The study population was all the infants with birth weights between 500 and 1500 grams, bornin
one of the 25 NICUsin Neocosur between 2005 and 2011. This network provides a continuous database
that prospectively gathersinformation from all inborn VLBW (BW from 500 to 1500 grams) from the
participating centers using predefined diagnostic criteria and online data entry. Information includes
sociodemographic information, maternal and pregnancy data, and detailed clinical information about the
treatment received by VLBW infantsin each NICU. The network data entry is reviewed by two trained
nurses who contact centersin case of missing or inconsistent data. Additionally, at least once ayear the
database is checked by a statistician and a physician belonging to the Database Unit to assess the validity
of the data. The Ethics Committee of Pontificia Universidad Catolica de Chile approved this study. From
al eligible patients included in the Neocosur data set, we excluded al the infants that died in the delivery
room; had missing values for the treatment variable or one of the outcomes below; or whose clinical
status would make them ineligible for prophylactic CPAP. Those infants would either be intubated as
part of their initial resuscitation in the delivery room, or have a 5-minute APGAR score less than or equal

to7.



Covariates and matching methodol ogy:

Among others, the Neocosur data included prospective information on potential confounders of
the treatment such as gestational age, birth weight, delivery type, number of fetuses, 1-minute APGAR
score, and use of prenatal corticosteroids. It also included mother’s age, hypertension, diabetes, educa-
tional level and pregnancy controls. In total, we had 23 covariates for which we needed to adjust in the
analysis (see Tables 1, 2 and 3 for alist of these covariates). To adjust for these covariates, we used opti-

1,910

mal multivariate matching, specifically matching based on mixed integer programming which can

adjust for observed covariates in a transparent manner.* 231415 This type of matching allows the
investigator to enforce precise forms of covariate balance in the matched samples by design.'® 1" 1819
We enforced three different forms of balance depending on the prognostic importance of the
covariates. To account for potential differencesin practice styles, we matched pairs exactly for NICU,
and also for gender.?* %% 212 For other important nominal covariates, including gestational age,
delivery type, prenatal corticosteroids, year of birth and mother’ s education, we matched with fine
balance.* % Fine balance results in perfect balance of the marginal distributions of nominal covariates
across the matched groups, but unlike exact matching it does not require pairs to be matched within the

same category of the nominal covariate. For the rest of the covariates, such as birth weight and 1-minute

APGAR score, we matched with mean balance.

Outcomes:

Our outcomes included: death outside the delivery room; any use of mechanical ventilation;
supplemental oxygen at discharge; supplemental oxygen at 36 weeks, administered by any method (nasal
cannula, CPAP, mechanical ventilation); death outside the delivery room or oxygen at 36 weeks; any
administration of surfactant; late-onset sepsis diagnosed by a positive blood culture; and intraventricular

hemorrhage, made by cranial ultrasound or autopsy and classified according to Papile and Bursten.?

Satistical analysis:

The matches were found using the R package mipmatch.*® % Covariate balance after matching



was assessed using Fisher’s exact test for categorical covariates® and Wilcoxon's rank-sum test for
continuous covariates.?” Binary outcomes were analyzed using McNemar'stest.”” The sensitivity of
results to bias of unmeasured confounders was assessed using Rosenbaum bounds.”® ?** This method
guantifies the amount of unmeasured bias that would need to be present to explain away the conclusions

of the study. All statistical calculations analyses were conducted using R version 3.0.0.%

Results
Covariate balance:

Before matching the sample was composed of 887 infants that received CPAP and a pool of 4081
controls that received other forms of treatment. From this sample, the matching algorithm found 634
pairsthat satisfied the desired covariate balance. Tables 1, 2, and 3 display the covariate balance before
and after matching. Before matching, the distribution of important covariates differed between the case
and control population. These differences reached statistical significance for factors such as neonatal
intensive care unit, gestational age, receipt of antenatal corticosteroids, maternal age, maternal diabetes or
hypertension, and multiple gestation pregnancy. After matching, the means of the covariatesin Table 3
have differences that not significant with standardized differences smaller than 0.05. Standardized
differences less than 0.2 (ideally less than 0.1) are considered adequate.*" ** Furthermore, the entire
marginal distributions of the means, variances and higher moments of the covariatesin Table 2 are
perfectly balanced. Finaly, the whole joint distribution of the covariatesin Table 1 is perfectly balanced
via exact matching. These patterns of covariate balance show that the case and control infants are very

similar after matching.

Matched analysis:
Table 4 shows that infants that did not receive CPAP have a higher odds of death outside the
delivery room than those that received CPAP (OR=1.69, 95% CI 1.17, 2.46). This 65% reduction in

mortality trandlated into a 5.3% absolute reduction in mortality (10.0% mortality in prophylactic CPAP



group versus 15.3% in the no prophylactic CPAP group). Use of mechanical ventilation and surfactant
was significantly higher among infants that did not receive CPAP: OR=1.68 (95% CI 1.33, 2.14) and
OR=1.75 (95% CI 1.37, 2.24), respectively. After aBonferroni correction for multiple testing, we
obtained a significance threshold of 0.006 and all significant results remained significant at the 5% level.
Figure 1 shows the estimated probability of death versus birth weight by gender for the infants
that received CPAP versus those that did not. We observe that the probability of death decreases with
birth weight and that, for all birth weights, this probability is higher for infants that did not receive CPAP
(dashed curve) than for those that received CPAP (solid curve). Treatment appears to affect female
infants differently than male infants: for female infants, the greatest reduction in mortality isfor birth
weights between 750 and 1100 grams, whereas for male infants, the improvement in mortality increases
with birth weights smaller than 1000 grams. These differences are not statistically significant when tested

with an interaction term in alogistic regression model.

Sensitivity of results to unmeasured bias:

The previous results are insensitive to moderate biases due to unmeasured confounders but not to
biases of large size. For mortality, we would have to have an unobserved covariate that increased the
odds of not receiving prophylactic CPAP and the odds of death by afactor of 1.95 timesto explain away
the significance of this result, but a smaller unmeasured bias would not.*®* For mechanical ventilation and
surfactant the results are more robust: the unmeasured confounder would have to increase the odds of not
receiving prophylactic CPAP and increase the likelihood of receiving either mechanical ventilation or
surfactant by afactor of 2.38 timesto explain away the estimated effects. There are few, if any,
unobserved factors that meet these criteria. For details see the supplemental appendix.

We additionally reran the models excluding the APGAR score requirement. The association
between CPAP administration, mortality, and mechanical ventilation was stronger, suggesting that
without this exclusion criterion, the illness severity of infantsin the control group was much greater than

their matched counterparts.



Discussion

These data support the ability of the NICUs in the Neocosur network of South American hospitals
to implement a change in their respiratory management of infantsin the immediate post-delivery period.
Previous work from South American NICUs focused on variationsin practice or outcomes,® ** * with
less information on methods to improve outcomes of VLBW infants. After using novel multivariate
matching techniques that better adjust for observed confounders, eligible VLBW infants who receive
prophylactic CPAP exhibit 65% less mortality outside the delivery room than those that did not receive
the treatment, with a 5.3% absolute decrease in mortality. These results support the use of prophylactic
CPAP as an initial treatment strategy for infants born in NICUs across Latin America.

Several recent randomized trials found lower rates of mechanical ventilation and surfactant
administration in VLBW infants who received CPAP initialy."®** 2 Thisresult is similar to our
findings. Only one study found an improvement in survival: the SUPPORT study found a 27% reduction
in mortality for the 24-25 week subgroup of patients treated with CPAP, even though the overall study
only found areduction in mortality and BPD or mortality that did not reach statistical significance.®
Similar trends in mortality and BPD were found in other randomized studies. Our study found a5.3%
overal reduction in mortality for infants treated with CPAP without any increase in other adverse
outcomes (with the exception of two outcomes, but these were not statistically significant), even though
the control population included patients who did not receive prophylactic CPAP and never required
additional respiratory support, as well asinfants who later required CPAP or mechanical ventilation.'® *"
1819 The matching algorithm provided improved comparisons of the infants who received prophylactic
CPAP; control infants were similar to, and thus had a similar presentation, to these infants, which
improves the assessment of how prophylactic CPAP affected outcomes in these infants. Improved
methods of distinguishing which infants in the delivery room may require mechanical ventilation at a later

time would likely increase the improvement in mortality of infants receiving prophylactic CPAP in the

delivery room.



One potential reason for this difference is the implementation of a change in respiratory practice.
The implementation of evidence-based practice can be chalenging. There are multiple studies of the
difficulty in choosing interventions to implement, overcoming the multiple barriers that exist within and
between different health care organizations, and showing a change in outcomes associated with the
implementation.®” 3394041 Ag 4 result, there continues to be practice variation in all aspects of pediatric
care throughout the world.***! With the successful implementation of one treatment, though, there may
be improvementsin other respiratory processes of care that may improve outcomes.

These data al so suggest that the effect of CPAP varies by birth weight and gender. There may be
several explanations for thisfinding. The effect of CPAP may be limited in infants with a birth weight
under 750 grams, as there are fewer numbers of infants who are spontaneously breathing at birth or whose
pulmonary development is sufficient to tolerate CPAP. For infants over 1250 grams, the risk of mortality
islow enough that the study may not be powered to detect the added benefit of CPAP. Gender
differences may reflect different overall risk of mortality between sexes, or differencesin the overall
severity of RDSin male infants. The lack of any adverse outcomes in these patient groups, though,
supports recommendations that attempt to place spontaneously breathing infants on CPAP first.? 2

To control for selection bias due to observed covariates we used recent optimal multivariate
matching methods. In observational studies, matching is an attractive method for covariate adjustment
because it controls for observed covariates in avery transparent manner, while attempting to replicate the
structure of a controlled experiment. Asshownin Tables 1, 2, and 3, we adjusted very precisely for the
observed covariates obtaining a matched design that greatly simplifies the conditions of observation of the
effects of the treatment on the outcomes.”> Matching is also attractive because its analysis does not rely
on functional or distributional assumptions (such as linearity and normality), and because it allowsto
conduct sensitivity analyses of results to unmeasured biasesin a straightforward way. As said above, our
results appeared to be insensitive to biases of small to moderate size.

Even with the matching study design, there are several potential limitations to thiswork. First,

this study only included patients who received care at Neocosur hospitals. The outcomes of these patients
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may not be representative of patients who live in these countries but do not receive care at these South
American hospitals. Also, these hospitals may have improved outcomes compared to other hospitals
from the same South American countries, and thus the results of implementing CPAP in the Neocosur
hospitals may not be representative to other hospitals. However, the results that we found in this study
are similar to those seen in previous randomized tria data, with the exception that we had the power to
find the survival benefit suggested by previous studies. The Neocosur data has clinical data detailing the
initial illness severity of the VLBW infants. Thisinformation does not include information about why
infants failed CPAP or why the attending physician chose to bypass CPAP initially for either early
intubation with surfactant administration or for other forms of non-invasive management, such as high
flow nasal cannula. Finaly, the results that we present are conservative, in that we excluded infants with
APGAR scores < 7. While not a perfect measure, low APGAR scores may suggest some measure of the
illness severity of the infant, and the possibility that these infants may not have been clinically stable to
safely receive prophylactic CPAP in the delivery room.

In conclusion, these data suggest that the implementation of prophylactic CPAP during the initial
resuscitation or immediately after resuscitation of aVLBW infant both reduced the need for mechanical
ventilation or surfactant, and was associated with alower mortality rate. These results also show the
ability to implement such a change in management in a setting outside of the United States or Europe to
improve patient outcomes. Future work should help determine what additional processes of care further

optimize the outcomes of VLBW infants in the developing and developed world.
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Figure L egend

Estimated probahility of death with (dashed line) and without (solid line) administration of prophylactic

CPAP, for female (top panel) and male infants (bottom panel).
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