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Abstract

Background: Newborn infants with respiratory failure are often treated with intubation and mechanical ventilation
for prolonged periods of time. Our objective was to evaluate whether increasing use of non-invasive respiratory support
in newborn infants can improve patient health and reduce costs.

Methods: We utilized a natural experiment that took place in October 2008 when a large neonatal intensive care unit
in Norway moved into a new hospital building with new medical equipment. A change in respiratory support towards
increasing use of nasal biphasic positive airway pressure (n-BiPAP) instead of invasive mechanical ventilation treatment
followed the acquisition of the new equipment. We used a difference-in-difference method and data from the Norwegian
National Patient Registry to assess morbidity, mortality, number of hospital days and hospital costs in our unit following
this change. We stratified the results according to gestational age groups.

Results: We found a reduction in morbidity including bronchopulmonary dysplasia, retinopathy of prematurity
and intraventricular hemorrhage. No change in mortality was found. We found a reduction in number of hospital
days and hospital costs for preterm infants with gestational age <28 weeks and for term infants with diagnoses
affecting respiration.

Conclusions: We conclude that increasing use of n-BiPAP may improve health and reduce costs. However, more
research is needed to establish best practice. Comparing hospitals where treatment practices change to hospitals
where the same change does not occur may be a useful way to evaluate the efficacy of such a change, especially
when hospitals can be studied over time.
Background
Newborn infants with respiratory failure are often treated
with intubation and mechanical ventilation for prolonged
periods of time. In this study, we evaluated health out-
comes of patients and hospital costs associated with an
increasing use of nasal biphasic positive airway pressure
(n-BiPAP) instead of mechanical ventilation treatment
as the mode of respiratory support in term and preterm
infants with respiratory failure. We hypothesized that
increasing the use of n-BiPAP reduced morbidity and
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mortality as well as the number of hospital days and
costs.
In newborn infants, mechanical ventilation through an

endotracheal tube is associated with both short- and long-
term complications [1]. On the other hand, non-invasive
respiratory support has been demonstrated to be less
injurious [2]. Early nasal continuous positive airway
pressure (n-CPAP) can reduce exposure to or duration
of mechanical ventilation in extremely preterm infants
[3] by, for instance, reducing the risk of extubation failure
[4]. N-BiPAP is another mode of non-invasive respiratory
support that may additionally reduce the need for mech-
anical ventilation [5,6] and complications like broncho-
pulmonary dysplasia (BPD), retinopathy of prematurity
(ROP), intraventricular hemorrhage (IVH), periventricular
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leukomalacia (PVL) and necrotizing enterocolitis (NEC),
which have been associated with mechanical ventilation
treatment in preterm infants.
In October 2008 Akershus University Hospital (Ahus)

in Norway moved into a new hospital building and the
new neonatal intensive care unit (NICU) acquired new
equipment for non-invasive respiratory support. These
machines allow for both n-CPAP and n-BiPAP treatment
and had not been used in more than a few other hospitals
in Norway at the time. Based on emerging knowledge that
n-BiPAP improved gas exchange compared to n-CPAP [7],
we started to use n-BiPAP, primarily in preterm infants with
inadequate oxygenation and/or ventilation on n-CPAP. We
also used n-BiPAP in term or near-term infants with re-
spiratory symptoms of any cause that experienced n-CPAP
failure. We utilized a treatment protocol similar to those
published for nasal intermittent positive pressure ventila-
tion (NIPPV) with short inflation times of 0.3-0.4 s and
high rates of 40–60 per minute. However, since our equip-
ment only allows for maximum pressures of 9–10 cm H2O,
we called this mode of respiratory support n-BiPAP, even
though higher inflation times (or time high [Thigh]) and
lower rates are more commonly used in this treatment mo-
dality. We assumed that other hospitals that did not utilize
n-BiPAP would have to intubate and mechanically ventilate
newborn infants that did not respond properly to n-CPAP
treatment, whether n-CPAP was used as primary treatment
or post-extubation.
To make causal inference, on what medical treatment

is most efficient and improves health most, is a challenge.
The most common method is randomized controlled trials
(RCTs) that select patients randomly to different treatment
methods. We instead utilized the change in treatment
practices that took place when Ahus moved into a new
hospital building and the change in respiratory support
towards increasing use of n-BiPAP instead of invasive
mechanical ventilation treatment that followed.
This change in treatment practices may be seen as a nat-

ural experiment. Such a quasi-experimental design has a
long tradition in social sciences [8,9], but we argue that
such methods could also be utilized in medicine where
RCTs are the gold standard for comparing treatments,
medical equipment, new technology or treatment modes.
In Norway, the provision of health care is organized

through health enterprises that are owned and governed by
the state regional health authorities. The regional health
authorities are financed by a combination of block grants
and an activity-based system. Together, the two types of
funding are meant to cover the running costs of providing
somatic hospital services. The government determines the
relative shares of the two sources of funding on a yearly
basis. The activity-based share is based on the Diagnosis-
Related Group (DRG) system and accounted for 40–60%
of the funding in the observation period. The DRG system
is meant to reflect the average costs of providing treatment
to patients within different DRGs [10]. One patient can
be categorized to several combined DRGs, depending on
treatment procedures. As DRG is based on an estimated
cost of a certain patient group, reducing expenditures, by
for instance reducing length of stay, for this patient group
will improve hospital economy, at least in the short term.
Infants on mechanical ventilator treatment often require

sedation and analgesia, arterial and central intravenous
lines, antibiotics and parenteral nutrition. Mechanical ven-
tilation may thus be expensive compared to n-BiPAP due
to the need for more intensive monitoring and care.
Increased use of n-BiPAP may therefore reduce hospital
costs as well as the number of hospital days (NHD). These
economic effects might be enhanced by reduced short-
and long-term morbidity in patients receiving n-BiPAP in-
stead of mechanical ventilation.

Methods
Ideally, in order to capture the effects of a change in treat-
ment procedures, we should know what the outcomes for
the exposed patients would have been in the original treat-
ment regime. Since this cannot be observed, the outcomes
for patients treated in hospitals that did not use n-BiPAP
represent the counterfactual.
We used a difference-in-difference (DID) approach [11].

Having data from 2002 to 2010, we were able to observe
outcomes in exposed and unexposed hospitals before, and
after, the change towards increasing use of n-BiPAP. This
allows us to control for the possibility that both groups
have changed over time for reasons unrelated to the inter-
vention or that they were different in some aspects at
baseline. In effect, the analysis isolates the impact of the
intervention by removing other known or unknown fac-
tors that may have affected the groups during the study
period.
The DID design is based on comparing four different

groups. Three of these groups are not affected by the in-
vestigated treatment, which in this study was n-BiBAP.
The difference between Ahus before November 1st 2008
(a) and after October 31st 2008 (b) compared to the differ-
ence between the unexposed hospitals before November
1st (c) and after October 31st 2008 (d) was calculated. The
DID unadjusted is: (b-a)-(d-c). Thus, if the exposed and
unexposed are subject to the same time trends, such as
changes in medication practices like the use of antenatal
steroids and surfactant treatment, this will not confound
the results, since we use the change in the other hospitals
as a reference.
No other changes in the treatment protocols of sick

term and preterm infants took place at Ahus at the same
time. There were no big changes in the care of the infants’
mothers prior to birth such as the use of antenatal steroids,
other than the national trends. There has been a move
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towards less mechanical ventilation in newborns in general
the last decade, unrelated to the use of n-BiPAP. However,
since we in the DID approach use the trends in other hospi-
tals as reference, such trends will not confound the results.
We performed regression analyses using individual data;

adjusted for compositional differences in the patient popu-
lations by including gender, birth weight, and patent ductus
arteriosus (PDA); and took into account whether or not
the admission was planned. In Norway, a planned hospital
admission of an infant the first year of life is usually due to
a transfer for a procedure or treatment at a tertiary referral
center and then back to the referring hospital. All other ad-
missions the first year of life, including the admission to
the NICU at birth, are defined as unplanned and may indi-
cate differences in health status of the individuals included
in the study.
All outcome parameters were analyzed within the DID

framework. However, the outcome parameters were in dif-
ferent formats, and thus, different regressions were used.
For the linear outcome parameters; NHD and hospital costs
(DRGs), an ordinary least-square regression was used.
However, these variables all demonstrated a skewed dis-
tribution. Thus, a log transformation was also performed.
An ordinary least-square regression on log-transformed
data has often been used in this kind of data and appears
to be a consistently performing estimator [12]. Regarding
the outcome of mortality, we had the date of death and
thus a Cox regression was used to estimate the effect
on mortality. Logistic regressions were used for the other
health outcomes. Regression results are presented with
95% confidence intervals (CI). All analyses were conducted
in Stata, version 12 (StataCorp LP, Texas, USA).
We used individual data from the Norwegian Patient

Register (NPR) 2002–2010.
For each patient, we have information on NHD, gender,

DRG, diagnoses, and treatment procedures, whether or not
the admission was planned, in which hospital the treat-
ment was performed and the date of death recorded if the
patient died in the hospital. For all patients, we included
diagnoses and treatment procedures per patient, per year
and per hospital, regardless whether they were primary
or secondary diagnoses or procedures. This is important,
since what is reported as primary diagnoses may be a stra-
tegic choice of hospitals according to DRG rates [13].
The main outcome parameters for the preterm infants

were morbidity, defined as BPD, ROP, IVH, PVL and/or
NEC and in-hospital mortality; as well as NHD, defined as
the number of hospital days per patient within the same
year and hospital; and hospital costs within the same year
and hospital, measured in aggregated DRGs per patient.
For term infants, the outcomes were only NHD and hos-
pital costs (DRGs).
We included only hospitals certified to care for preterm

infants with gestational age (GA) <28 weeks, by which we
attempted to reduce heterogeneity. We excluded other
hospitals that started to utilize n-BiPAP during the obser-
vation period. These hospitals could have been included in
the treatment (exposed) group. However, as indications
for and extent of use of n-BiPAP varied among exposed
hospitals, and the exact date when n-BiPAP was intro-
duced as a treatment modality in these hospitals could not
be established, we decided to exclude them from the main
analysis.
We defined an infant as being born the same year he or

she was admitted to the hospital. Our unit of observation
was preterm infants as well as term infants with diagnoses
affecting respiration by hospital and year. Diagnoses that
frequently affect respiration and cause a need for respira-
tory support include ‘respiratory failure’, respiratory distress
syndrome, persistent pulmonary hypertension, transitory
tachypnoe of the newborn/wet lung, meconium aspiration
syndrome and perinatal asphyxia.
The NPR assigned patients with a new identification

(ID) number each year, and in each hospital, the patients
were admitted before 2008. After 2008, the NPR allows for
tracking individual patients between years and hospitals. In
order to make data after 2008 comparable with those be-
fore 2008, we gave each patient a new ID for each year and
hospital. We stratified the data according to the gestational
age groups extremely preterm infants (GA <28 weeks),
other preterm infants (GA ≥28 but <37 weeks), and term
infants with respiratory symptoms (Figure 1).
By coincidence, three out of six infants who died at Ahus

in 2010 had trisomy 18. Hence, we excluded all infants
(13 preterm and 18 term infants) with this severe chromo-
somal abnormality that is associated with high mortality
and morbidity but cannot be improved by the new treat-
ment procedure.
In Norway, pregnant women can choose which hospital

to give birth in, which in general is the hospital closest to
their home. The exception is an anticipated very preterm
birth which is regarded as an emergency, and the woman
will deliver in the most nearby hospital, unless she is
expected to give birth prior to gestational week 26. Caring
for infants younger than 26 weeks of gestation is a central-
ized task, as is cardiac anomalies or other severe malforma-
tions diagnosed in the fetus. We allowed for an individual
hospital effect by a dummy per hospital due to some of the
resulting differences in the patient population between
hospitals.

Ethics statement
The research has been performed in accordance with the
Declaration of Helsinki. We used data from the Norwegian
patient registry (NPR). This is a registry including all
patients treated in all Norwegian hospitals. The data
were processed in accordance with guidelines issued
by the Local Privacy Legislation Authority, and results



Figure 1 Flow chart describing the study population. *’Respiratory symptoms’ include the diagnoses respiratory failure, respiratory distress
syndrome, persistent pulmonary hypertension, transitory tachypnoe of the newborn/wet lung, meconium aspiration syndrome and perinatal
asphyxia.
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are presented in a manner that preserves personal
anonymity. Using data from NPR was approved by The
Norwegian Data Protection Authority, reference- 11/00266-
4/CGN. Individual consent was not required as we utilized
data from NPR and the natural experiment that took place
when Ahus moved into a new hospital buildings and the
change in respiratory support that followed. All infants in all
Norwegian hospitals were treated according to best practice
and guidelines available at the time. This study is an assess-
ment of minor differences in treatment practices. Such qual-
ity assessments were one of the political motivations
for establishing NPR registry.

Results
Table 1 compares the outcome variables, for the four
groups Ahus before November 1st 2008 (a) and Ahus
after October 31st 2008 (b) compared to the unexposed
before November 1st 2008 (c) and after October 31st 2008
(d), stratified by the three gestational age groups. On
average, treatment costs for extremely preterm infants
(GA <28 weeks) at Ahus were reduced from 10.7 to 6.7
DRGs, while we observed a slight increase from 13.0 to
13.8 in other hospitals during the same period. The un-
adjusted DID is (6.7-10.7)-(13.8-13.0) = −4.7 DRGs. Thus,
the change in Ahus is measured using the change in other
hospitals as reference. A reduction by 4.7 DRGs, represents
approximately 22,000 EUR per patient. The extremely
preterm infants spent on average 47 days in hospital be-
fore Ahus moved into a new hospital building and 18 days
after, while other hospitals changed from 37 to 34 days, i.e.
an unadjusted effect of (47–18)-(37–34) =26 days. NHD
in term infants with diagnoses affecting respiration chan-
ged from 8.4 to 4.9 days at Ahus and from 7.3 to 6.9 in the
other hospitals, thus the unadjusted effect is 3.1 days for
term infants with respiratory problems.
Table 2 displays the results from the logistic regression

and the Cox regression. We found a reduced morbidity
by approximately 60% in the exposed population at Ahus
for both extremely preterm and other preterm infants when
adjusting for confounding variables, No change in mortality
after the introduction of n-BiPAP treatment was found.
Table 3 displays the results from the ordinary least-square
regression. For the extremely preterm infants, we found a
reduction in NHD by 70% at Ahus after October 31st 2008,
or 26 days on average. Costs measured by DRG points
were also reduced by 67% (Table 3). For this patient
group, this represents (≈26 patients per year)*60.000
(average cost per patient)*48% ≈ 212,655 EUR (95% CI
107,092 EUR −1,483,995 EUR) saved per year at Ahus.
For term infants, we found a reduction in NHD days by

75%, or 1–5 days. The costs measured by DRG points were
reduced by 67% or by 0.6 to 1.8 points. For this patient
group, this represents (≈250 patients per year)*9.000
(average cost per patient)*33% ≈ 1,521,524 EUR (95% CI



Table 1 Descriptive statistics, before and after the introduction of n-BiPAP treatment at Ahus stratified by gestational
age groups

Ahus before November
1st 2008 (a)

Ahus after October
31st 2008 (b)

All hospitals but Ahus before
November 1st 2008 (c)

All hospitals but Ahus after
October 31st 2008 (d)

Difference in
difference (b-a)-(d-c)

Preterm infants <28 weeks (N =989)

Fraction Fraction Fraction Fraction (b-a)-(d-c)

BPD 0.313 0.094 0.243 0.116 −0.091

ROP 0.063 0.000 0.106 0.184 −0.141

IVH 0.063 0.038 0.244 0.168 0.051

Combined
morbidity

0.375 0.151 0.502 0.421 −0.144

In-hospital
death

0.107 0.075 0.268 0.221 0.015

Mean Mean Mean Mean (b-a)-(d-c)

NHD 47.964 18.585 37.282 34.116 −26.213

DRG 10.729 6.709 13.066 13.842 −4.796

N 112 53 634 190

Preterm infants 28–37 weeks (N =13209)

Fraction Fraction Fraction Fraction (b-a)-(d-c)

BPD 0.023 0.006 0.016 0.009 −0.010

ROP 0.004 0.006 0.013 0.025 −0.010

IVH 0.010 0.006 0.019 0.016 −0.001

Combined
morbidity

0.032 0.017 0.044 0.046 −0.018

In hospital
death

0.004 0.009 0.015 0.014 0.006

Mean Mean Mean Mean (b-a)-(d-c)

NHD 17.246 16.494 15.573 15.175 −0.354

DRG 4.939 5.130 5.097 5.609 −0.321

N 1680 538 8290 2701

Term infants with respiratory symptoms (N =10270):

Mean Mean Mean Mean (b-a)-(d-c)

NHD 8.433 4.913 7.332 6.916 −3.104

DRG 2.009 1.431 1.767 2.253 −1.064

N 1082 482 6646 2060

Patent ductus arteriousus (PDA), Bronchopulmonary dysplasia (BPD), Retinopathy of prematurity (ROP), Intraventricular hemorrhage (IVH), Number of hospital days
(NHD), Nasal biphasic positive airway pressure (n-BiPAP), Akershus University Hospital (Ahus).
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1,264,175 EUR - 1,805,964 EUR) saved per year at Ahus.
We found no change in NHD or DRG for other preterm
infants.
Complications of prematurity and other complications

in the perinatal period can lead to major disability like
cerebral palsy in the survivors. The long-term costs of
patients with, for instance, BPD, ROP and cerebral palsy
resulting from IVH can be great. However, as there is no
precise way to quantify such costs, we chose to extrapo-
late by using compensations received by plaintiffs that
have suffered from medical malpractice in the perinatal
period. In Norway, such reimbursement for cerebral palsy
caused by IVH has in recent years been approximately
400,000 EUR per child with a severe disability. Severe ROP
was reimbursed by 1,000,000 EUR in one severe case.
Having one or more of the morbidities and assuming a
reduction by ≈ 60% (Table 2), this represents approximately
10 patients per year at Ahus, i.e., 2,400,000-6,000,000 EUR
saved in costs associated with long-term disability at Ahus
per year.
The cost related to a change in mode of treatment simi-

lar to the one made at Ahus are only investment costs,
since costs associated with the education of staff in the
new mode of assisted ventilation are minimal. All hospitals
will still need equipment related to mechanical ventilation
assistance, i.e., business as usual will have no change in



Table 2 Estimated effect on health outcomes, stratified by gestational age

Logistic regression Cox regression

Odds ratio Odds ratio Odds ratio Odds ratio Hasard ratio

ROP BPD IVH Morbidity Mortality

Preterm infants <28 weeks (N =989)

DID-estimate . 0.350*** 0.674 0.393*** 1.945

95% CI . [0.305,0.402] [0.202,2.247] [0.287,0.540] [0.217,17.409]

Preterm infants 28–37 weeks (N =13209)

DID-estimate 1.392 0.243*** 0.397*** 0.397*** 2.143

95% CI [0.747,2.595] [0.200,0.295] [0.321,0.492] [0.337,0.468] [0.335,13.697]

The results are adjusted for weight, gender, PDA and whether or not the admission was planned.
***p <0.001.
Bronchopulmonary dysplasia (BPD), Retinopathy of prematurity (ROP), Intraventricular hemorrhage (IVH), Difference-in-difference (DID), Confidence interval (CI). No
observations of ROP at Ahus after the intervention, a change cannot be estimated.
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investment. Ahus has purchased nine machines, which
the staff evaluated as a sufficient number. If we assume
that they can be used in 10 years, the yearly cost for Ahus
is approximately 100,000 EUR per year. Accordingly, the
savings far exceed the costs, even at the lowest estimates
of savings.

Discussion
In this study, we found that morbidity and number of hos-
pital days and hospital costs were significantly reduced fol-
lowing a change toward an increasing use of non-invasive
respiratory support for preterm infants. For term infants,
we found a reduction in NHD and hospital costs. The
need for invasive mechanical ventilation may have been
Table 3 Estimated effect on costs and number of hospital day

Ordinary least square regression

Log transformed

Number of hospital days DRG poin

Preterm infants <28 weeks (N =989):

DID-estimate −0.861* −0.482*

95% CI [−1.565,-0.157] [−0.931,-0.

N 989 989

R-sq 0.076 0.095

Preterm infants 28–37 weeks (N =13209):

DID-estimate −0.05 0.017

95% CI [−0.242,0.142] [−0.078,0.1

N 13209 13209

R-sq 0.322 0.206

Term infants - with respiratory problems (N =10270):

DID-estimate −0.257** −0.326***

[−0.443,-0.0705] [−0.443,-0.

N 10270 10270

R-sq 0.07 0.172

The results are adjusted for weight, gender, patent ductus arteriosus and whether o
*p <0.05, **p <0.01, ***p <0.001, confidence intervals in brackets.
Difference-in-difference (DID), Confidence interval (CI).
reduced, as well as the need for staff due to easier surveil-
lance and shorter hospital stays in the initial treatment of
the newborn infant.
Using changes in treatment practices or investments in

one hospital that does not happen in other hospitals at the
same time may be a way of evaluating procedural and
technological changes as long as we have data on out-
comes both before and after the change for both the
exposed and unexposed hospitals. In this way, we can esti-
mate opportunities for improved health, reduced costs,
and/or increased efficiency while the changes are used in a
normal hospital setting.
Some patients may have a prolonged stay in local hospi-

tals following discharge from the study hospitals. However,
s, stratified by gestational age

Ordinary least square regression

ts Number of hospital days DRG points

−26.60* −5.428***

0326] [−47.46,-5.738] [−8.344,-2.513]

989 989

0.076 0.115

−1.656 −0.266

13] [−4.839,1.527] [−0.787,0.254]

13209 13209

0.327 0.323

−3.023** −1.288***

209] [−5.113,-0.933] [−1.897,-0.680]

10270 10270

0.078 0.21

r not the admission was planned.
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Ahus only occasionally discharges newborns to other
NICUs and almost invariably discharges infants to their
home. NHD at Ahus therefore most often reflects the total
length of hospital stay in the neonatal period, and the re-
duction of NHD at Ahus after October 31st 2008 is not
likely to be associated with prolonged stays in other units.
However, the NPR does not have information about this,
since it does not allow for following patients between hos-
pitals over the entire study period. In Norway, delivery
and treatment of extremely premature infants are central-
ized tasks. Once infants are stabilized, often synonymous
with being off mechanical ventilation, they are transferred
to hospitals closer to home. Hence, in general, a reduction
in ventilator days would allow for an earlier transfer to
local hospitals and additional benefits for patients, neo-
natal service provision and for families.
The regression does not indicate changed mortality,

though the estimates are based on few observations. In
the patient group with highest mortality, i.e. the patients
born before 28 weeks of gestation, no increase in mortality
was seen. However, early mortality with a non-invasive
treatment method needs more research and should be
followed closely.
Using large population registers for evaluating changes

in treatment procedures that occur in one unit is import-
ant regarding the costs associated with registry administra-
tion. Many countries cannot afford managing such a total
patient registry. Norway has chosen to prioritize gathering
data on all patients admitted to hospital since 1997. It is
important to use such registers in research also in order to
improve the quality of registration and coding practices.
Limitations of the study include its retrospective nature.

Changes other than n-BiPAP may have occurred at Ahus
only and at the time when Ahus moved into a new hospital
building. Even though we controlled for some confounding
variables, we cannot conclude that the observed changes
were due to the new treatment procedures under investiga-
tion. Moving into new hospital buildings may have affected
our patient group in ways for which we did not account.
Renewal of all medical equipment, besides the n-CPAP/
n-BiPAP machines, is likely to have improved efficiency
and quality of care. However, the move was not associated
with significant changes in staff or other medical guidelines.
Thus to check the robustness of the results, we per-

formed the regression including the other exposed hos-
pitals that we excluded from our main analyses. In this
analysis we excluded Ahus. With this alternative regres-
sion, we found similar effects on morbidity and hospital
costs, and most health outcomes for extremely preterm
infants. This strengthens our results. However, the alterna-
tive regression indicated increased mortality among the
smallest babies. The protocols for n-BiPAP usage in differ-
ent units may play a role in mortality, and further studies
are required. We did not include these units in the main
study, because we only knew the month of purchase of
the equipment that allowed for n-BiPAP treatment. We
did not know if, when or on what indications the n-BiPAP
treatment was used. However, including these units has an
advantage, since the different units bought the equipment
at different times, which makes the regression results
more robust.
The NPR did not allow us to follow individual patients

as they were transferred between hospitals and units. This
makes us unable to make conclusions about the total length
of hospital stay for each infant. However, the NHD in our
unit was significantly reduced after we started to treat
infants with n-BiPAP. As our unit is not a tertiary referral
center, we almost exclusively treat infants that belong to
our own referral area. As previously mentioned, very few
patients are transferred to other units after discharge from
our NICU. Hence, the possibility that a shorter stay in our
NICU is followed by a longer stay in another unit is
unlikely.
There has been a move towards less mechanical ventila-

tion in newborns in general the last decade, unrelated to
the use of n-BiPAP. However, the DID approach will en-
sure that this will not confound the results. It is likely that
Ahus has followed national guidelines concerning these
treatments. If the levels of antenatal steroids and surfac-
tant treatment, are different in various hospitals, or if they
change over time, this will not confound the results. This
is resolved using the DID approach.
There has been no other major change in the care of

preterm infants the last decade comparable to antenatal
steroids and surfactant treatment of respiratory distress
syndrome 20 years ago. However, if there had been changes
in such use, it would only confound our results if it hap-
pened at Ahus only, and at the same time as Ahus moved
into a new hospital building.
Conclusions
In conclusion, assessing the effect of a shift towards n-
BiPAP instead of mechanical ventilation treatment of term
and preterm infants in need of respiratory support, by
using a population register, we found a reduction in mor-
bidity, the number of hospital days needed, and hospital
costs. The retrospective nature of the study offers chal-
lenges but also advantages. In prospective studies, report-
ing side effects and negative outcomes may be influenced
by the staff being aware that the treatment practices are
under evaluation, and we argue that population registers
and DID methods can be useful in estimating effects of
changes in treatment practices. A total population registry
has the potential of evaluating the health effects and costs
of investments within a DID framework, given that the in-
vestments are not introduced in all hospitals at the same
time.



Kann and Solevåg BMC Health Services Research 2014, 14:494 Page 8 of 8
http://www.biomedcentral.com/1472-6963/14/494
Abbreviations
PDA: Patent ductus arteriosus; BPD: Bronchopulmonary dysplasia;
ROP: Retinopathy of suprematurity; PVL: Periventricular leukomalacia;
IVH: Intraventricular hemorrhage; NEC: Necrotizing enterocolitis;
DID: Difference-in-difference; PDA: Patent ductus arteriosus; Ahus: Akershus
University Hospital; n-BiPAP: Nasal biphasic positive airway pressure;
n-CPAP: Nasal continuous positive airway pressure.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ICK and ALS conceptualized the overall article. Both authors contributed to
the methodology. ICK performed all statistical analyses. Both authors
contributed to the writing of the manuscript and approved the final version.

Acknowledgements
Hilde Lurås and Jun Yin gave valuable advice to drafts of the article. Jun Yin
and Fredrik Dahl gave valuable advice on methods and statistical analysis.

Author details
1The Health Services Research Centre HØKH, Akershus University Hospital,
Lørenskog, Norway. 2The Department of Pediatric and Adolescent Medicine,
Akershus University Hospital, Lørenskog, Norway.

Received: 30 June 2014 Accepted: 6 October 2014

References
1. Owen LS, Morley CJ, Davis PG: Neonatal nasal intermittent positive

pressure ventilation: a survey of practice in England. Arch Dis Child Fetal
Neonatal Ed 2008, 93:F148–F150.

2. Thomson MA, Yoder BA, Winter VT, Martin H, Catland D, Siler-Khodr TM,
Coalson JJ: Treatment of immature baboons for 28 days with early nasal
continuous positive airway pressure. Am J Respir Crit Care Med 2004,
169:1054–1062.

3. Booth C, Premkumar MH, Yannoulis A, Thomson M, Harrison M, Edwards AD:
Sustainable use of continuous positive airway pressure in extremely
preterm infants during the first week after delivery. Arch Dis Child Fetal
Neonatal Ed 2006, 91:F398–F402.

4. Davis PG, Henderson-Smart DJ: Nasal continuous positive airways pressure
immediately after extubation for preventing morbidity in preterm infants.
Cochrane Database Syst Rev 2003, (2):CD000143. Review

5. Ancora G, Maranella E, Grandi S, Pierantoni L, Guglielmi M, Faldella G:
Role of bilevel positive airway pressure in the management of
preterm newborns who have received surfactant. Acta Paediatr 2010,
99:1807–1811.

6. Lista G, Castoldi F, Fontana P, Daniele I, Cavigioli F, Rossi S, Mancuso D, Reali R:
Nasal continuous positive airway pressure (CPAP) versus bi-level nasal CPAP
in preterm babies with respiratory distress syndrome: a randomised control
trial. Arch Dis Child Fetal Neonatal Ed 2010, 95:F85–F89.

7. Migliori C, Motta M, Angeli A, Chirico G: Nasal bilevel vs. continuous
positive airway pressure in preterm infants. Pediatr Pulmonol 2005,
40:426–430.

8. Meyer BD: Natural and quasi-experiments in economics. J Bus Econ Stat
1995, 13:151–161.

9. Holmås THKE, Lurås H, Straume OR: Does monetary punishment crowd
out pro-social motivation? a natural experiment on hospital length of
stay. J Econ Behav Organ 2010, 75:261–267.

10. Ministry of Health and Social Services: Innsatsstyrt finansiering 2013. Ministry
of Health and Social Services 2013, IS-2041;. Oslo. Available from: http://
helsedirektoratet.no/publikasjoner/innsatsstyrt-finansiering-2013/Publikasjoner/
IS-2041_web.pdf

11. Wooldridge JM: Econometric analysis of cross section and panel data,
Econometric analysis of cross section and panel data: The MIT press.
2002:130.
12. Moran JL, Solomon PJ: A review of statistical estimators for risk-adjusted
length of stay: analysis of the Australian and new Zealand intensive care
adult patient data-base, 2008–2009. BMC Med Res Methodol 2012, 12:68.

13. Abler S, Verde P, Stannigel H, Mayatepek E, Hoehn T: Effect of the
introduction of diagnosis related group systems on the distribution of
admission weights in very low birthweight infants. Arch Dis Child Fetal
Neonatal Ed 2011, 96:F186–F189.

doi:10.1186/s12913-014-0494-4
Cite this article as: Kann and Solevåg: Economic and health consequences
of non-invasive respiratory support in newborn infants -a difference-in-
difference analysis using data from the Norwegian patient registry.
BMC Health Services Research 2014 14:494.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://helsedirektoratet.no/publikasjoner/innsatsstyrt-finansiering-2013/Publikasjoner/IS-2041_web.pdf
http://helsedirektoratet.no/publikasjoner/innsatsstyrt-finansiering-2013/Publikasjoner/IS-2041_web.pdf
http://helsedirektoratet.no/publikasjoner/innsatsstyrt-finansiering-2013/Publikasjoner/IS-2041_web.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics statement

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


