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Abstract

Background: Regional variation in cost of neonatal intensive care for extremely preterm infant is not documented.
We sought to evaluate regional variation that may lead to benchmarking and cost saving.

Methods: An analysis of a Canadian national costing data from the payor perspective. We included all liveborn 23–
28-week preterm infants in 2011–2015. We calculated variation in costs between provinces using non-parametric
tests and a generalized linear model to evaluate cost variation after adjustment for gestational age, survival, and
length of stay.

Results: We analysed 6932 infant records. The median total cost for all infants was $66,668 (Inter-Quartile Range
(IQR): $4920–$125,551). Medians for the regions varied more than two-fold and ranged from $48,144 in Ontario to
$122,526 in Saskatchewan. Median cost for infants who survived the first 3 days of life was $91,000 (IQR: $56,
500–$188,757). Median daily cost for all infants was $1940 (IQR: $1518–$2619). Regional variation was significant
after adjusting for survival more than 3 days, length of stay, gestational age, and year (pseudo-R2 = 0.9, p < 0.01).
Applying the model on the second lowest-cost region to the rest of the regions resulted in a total savings of $71,
768,361(95%CI: $65,527,634–$81,129,451) over the 5-year period ($14,353,672 annually), or over 11% savings for the
total program cost of $643,837,303 over the study period.

Conclusion: Costs of neonatal intensive care are high. There is large regional variation that persists after adjustment
for length of stay and survival. Our results can be used for benchmarking and as a target for focused cost
optimization, savings, and investment in healthcare.

Table of contents summary
A national data analysis evaluated regional differences in
cost of neonatal intensive care for preterm infants and
the potential cost saving in benchmarking better
performers.

What is known on this subject
Neonatal intensive care for extremely premature infants
(< 29 weeks) is prolonged and expensive. Regional vari-
ation has not been described in this population and can

assist in cost reduction by learning from high
performers.

What this study adds
There is a wide regional variation in the remarkably high
cost of neonatal intensive care that suggests a potential
for benchmarking and focused cost savings.

Background
Prematurity affects almost one in ten newborns [1], with
1 % of all newborns being extremely preterm (born be-
fore 29 weeks, or weighing less than 1500 grams [2, 3]).
These fragile infants are often hospitalized for many
weeks in a neonatal intensive care unit (NICU), requir-
ing prolonged respiratory support, parenteral nutrition,
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and undergo many interventions such as ultrasono-
grams, surgeries, and blood tests. The complex care for
this population involves multiple specialists in a level 3
(high acuity) NICU for several months. The intensive
care provided is reflected in its high cost [4–6]. Ex-
tremely preterm infants accounted for some of the high-
est patient expenditures in hospitals [7, 8].
In recent years, support for infants born at 23 and 24

weeks gestational age, previously thought to be unviable,
has become common in tertiary NICUs [2, 9, 10]. In-
deed, most of these extremely preterm infants are resus-
citated, with the majority surviving and being discharged
home [2]. This has “pushed the envelope” for neonatal
viability. Indeed, in many jurisdictions, it is standard
practice to provide life support to newborns born at 23
or more weeks of gestation [9, 10].
Costs for providing care to this most vulnerable group

have been uncertain [11–14]. Understanding these costs
is important for health policy makers and planners in al-
location decisions [15, 16]. As well, it has broad applic-
ability since cost is considered a component of quality
within the Institute of Healthcare Improvement’s (IHI)
Quadruple Aim of Healthcare Quality [17]. Previous
work with cost effectiveness analyses (CEAs) has esti-
mated the cost-effectiveness of NICU care in various sit-
uations [18–26]. For example, neonatal resuscitation at
23 weeks had an estimated cost-utility of $15,134 to $22,
256 per Quality-Adjusted Life Year (QALY) [19]. Vari-
ation in total cost can also affect the cost-effectiveness
of the intervention.
As with all high-cost interventions, there is frequently

wide variation in overall amounts. In this situation of ex-
treme expense, documenting regional variation can help
sites streamline processes and improve performance by
learning from high performers. Thus, we sought to
evaluate the cost and cost variation of care for these fra-
gile preterm infants.

Methods
Data source
We used data from the Canadian Institute for Health In-
formation (CIHI) database, a Canadian national agency
responsible for the collection and analysis of health in-
formation. We received information on total cost of the
neonatal stay from birth to discharge home or death,
subcategorized by gestational age, province, and year.
CIHI data is subject to quality checks, with ≥98% correl-
ation with patient charts in multiple studies [27, 28].
Costing components are detailed in CIHI indicator li-
brary [29].
We included all newborn deliveries at 23–28 weeks

gestational age, between January 1st, 2011 and Decem-
ber 31st, 2015. This represented years when 23-week in-
fants began to be frequently supported in NICUs across

Canada. There is usually a long delay in data availability
as a result of extensive quality and audit checks preclud-
ing more current information.
We did not include Quebec as they do not submit data

to CIHI. As well, the Canadian territories (Yukon,
Northwest, and Nunavut) and the province of Prince Ed-
ward Island were excluded because of small numbers of
deliveries and incomplete cost data. We also excluded
stillbirths.
We used the province-submitted total cost for each

patient for the complete neonatal hospital stay from
birth to discharge home or death, including all hospital
transfers. This excluded physician compensation. Which
is not included in the database. Costing data is collected
in the national database, CIHI, from the provinces using
a standardized costing method [30]. This reflects the
complete cost to the payor—the Ministries of Health—
thereby providing a public perspective. Costing followed
CIHI’s standardized approach [31–33]. Cost was ad-
justed to the published Canadian Healthcare Consumer
Price Index [34] in 2011 Canadian dollars.

Statistical analysis
Sunnybrook Hospital Research Ethics Board and CIHI
approved the study protocol.
We calculated means, 95% confidence intervals

[95%CI], medians, interquartile ranges [IQR] and stand-
ard deviations (SD) for each patient group. We com-
pared groups using the Mann-Whitney-Wilcoxon test
and Kruskal-Wallis test for non-normally distributed
data. For variance, we used the Fligner-Killeen test for
variance of multiple, non-normally distributed variables.
For trends, we calculated the coefficient of determin-
ation (r2). We evaluated regional variation by adjusting
for gestational age, length of stay, and year, using a
multivariate analysis of cost. Length of stay was added to
the multivariate analysis to correct for variation in
hospitalization practices and discharge criteria varia-
tions. We calculated confidence intervals for each coeffi-
cient, pseudo-R2 and Akaike Information Criterion
(AIC) to assess the model’s robustness. We repeated the
model with cost data on infants who survived the first 3
days to accurately capture the cost impact of NICU stay,
eliminating those who were too ill to survive or those
who may have been withdrawn of life support. We also
eliminated extreme outliers by calculating Cook’s D.
Analyses were performed in R statistical language v4 and
SPSS v21.

Results
We analysed the costs for 6932 extremely preterm in-
fants from 2011 to 2015 (Table 1). There were 5033 in-
fants who survived more than 3 days. The absolute
numbers of births for the 23–28-week age group was
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relatively constant year to year. The proportion of 23-
and 24-week infants related to the total of 28 weeks and
under was stable and ranged from 22.3–25.4% during
the years of study (p = 0.5). Ontario accounted for 50.3%
of all infant data, and Alberta, British Columbia, and
Ontario together accounted for to 83% of the infants in
all ages. For 23-week infants, Ontario accounted for 56%
of the cohort. The proportion of 23-week infants was
stable during the study years.

Length of stay
The median length of stay (LOS) was 41 days (IQR: 1–
77). Ontario had the lowest median LOS (29 days, IQR:
1–66) and Nova Scotia had the highest median LOS of
77 days (IQR: 53–106). (Table 1) For infants who sur-
vived more than 3 days, the median LOS was 61 days
(IQR: 34–90) and ranged from 51 days (IQR: 27–82) in
Ontario to 88 days (IQR: 64–126) in Newfoundland.

Cost
The median total cost was $66,668 (IQR: $4920–$125,
551). This ranged from $48,144 in Ontario (IQR:

$2807–$90,619) to $122,526 in Saskatchewan (IQR:
$8288–$273,699). The lowest costing for the entire re-
gional cohort was in Ontario, with median cost of $48,
144 (IQR: $2807–$90,619), and the second lowest was in
New Brunswick, with median cost of $72,956 (IQR: $33,
265–$89,216). Figure 1 demonstrates the regional vari-
ation in cost for the entire cohort by gestational age. For
infants who survived more than 3 days, the median total
cost was $91,137 (IQR: $56,596–$188,757). The median
daily cost was $1940 (IQR: $1515–$2619) and ranged
from $1661 in New Brunswick (IQR: $1325–$2567) to
$2696 in Saskatchewan (IQR: $1958–$3420). The me-
dian daily cost for infants who survived more than 3
days was $1805 (IQR: $1392–$2419) and ranged from
$1567 in New Brunswick (IQR: $1252–$2325) to $2764
in Saskatchewan (IQR: $1931–$3436). There was a small
increase in the median total cost over the years of the
study (r2 = 0.043 p < 0.001).
There was wide variation between regions even within

similar age groups (Fig. 1). For example, median total
costs for 25-week infants in Saskatchewan were as high
as $273,698 while in Ontario the median was $78,565,

Fig. 1 Cost variation between Canadian provinces, by gestational age. CA – Combined, included provinces, AB- Alberta, BC- British Columbia, MB-
Manitoba, NB- New Brunswick, NL- Newfoundland and Labrador, NS- Nova Scotia, ON- Ontario, SK- Saskatchewan. p values for Wilcoxon test
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and in New Brunswick it was $57,356, a 4.8-fold differ-
ence. We examined for regional cost variation for infants
born at 28-week gestation (Fig. 2), a typically more
stable population, with fewer complications of NICU
stay. The median costs in Ontario were $40,524, in
Manitoba they were $80,829, and in Saskatchewan they
were $116,113, a 2.9-fold difference. There was wide re-
gional variation in cost for every gestational age when
compared to the entire cohort. The variation in costs of
hospitalization between the regions for each age group
were significant (p < 0.001). In a multivariate analysis
using a generalized model, fitted to its Gamma distribu-
tion, and after elimination of extreme outliers, we dem-
onstrated a persistent regional variation in cost of care
after adjustment for length of stay, survival more than 3
days, gestational age, and year of study (n = 6890). For
example, for 28-week infants, the adjusted variation was
up to 1.87-fold in cost. This model was robust, demon-
strated by a pseudo-R2 = 0.93, p < 0.001.
Using the model to estimate potential cost savings, we

applied the lowest cost to the other regions in the co-
hort. The total cost saving calculated was $87,801,982
(95%CI: $95,783,981–$83,810,983) over the 5 years,
representing 13.6% saving of the total budget of $643,
837,303 over the same timeframe, or $17,560,396
annually.
For a more achievable benchmark [35],we applied the

second-lowest cost region to the other regions in the co-
hort. This resulted in a total cost savings of $71,768,361

(95%CI: $65,527,634–$81,129,451) over the 5-year
period. This represented 11.15% of the total budget of,
or $14,353,672 annually.

Discussion
We evaluated all extremely premature infants born in
Canada from 2011 through 2015. We demonstrated high
overall cost for premature infants and their complica-
tions. There was up to 8-fold regional variation in cost.
The effects persisted even after adjustment for differ-
ences in survival, gestational age, length of stay, and year
of birth. We found that overall, the median cost of care
was $66,668 and for infants who survived more than 3
days median cost was $91,000. This did not change sig-
nificantly over the study period. We also found that the
median length of stay for the entire cohort was 41 days
and did not change over time. Moreover, we found that
significant savings could be achieved with benchmarking
to lower cost regions. In a recent cost evaluation study,
Rios et al. [36] reported the cost of tertiary NICU care
using a predictive model, estimating the cost of the age
group of < 29 week infants at $100,423 (IQR: $56,
800–$159,358) and a mean daily cost of $1964. Our
study differed in focusing on regional differences and
the inclusion of the different age groups and stay at dif-
ferent level of hospital units.
Our study has several strengths. First, we used a reli-

able, quality-standardized, national-level dataset that in-
cludes cost and gestational age. Second, our study

Fig. 2 Regional variation in 28-week infants who survived the first 3 days of life, representing a relatively more mature and more stable preterm
populations in our cohort. Kruskal-Wallis test for variance. CA – Combined, included provinces, AB- Alberta, BC- British Columbia, MB- Manitoba,
NB- New Brunswick, NL- Newfoundland and Labrador, NS- Nova Scotia, ON- Ontario, SK- Saskatchewan
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reflects data from time periods when infants born at 23
weeks gestation began to be routinely supported. Third,
our findings follow the patient care pathway in the
complete hospitalization from birth to discharge home or
death. This includes hospital transfers to higher and lower
acuity sites, thus providing the cost of care for the infant
prolonged stay, at the provincial level, from the payor per-
spective. Fourth, our cost modelling shows robust, signifi-
cant variation after adjustment for several variables.
Healthcare spending in Canada is determined region-

ally, where each province is responsible for most of its
own healthcare services [37]. The coverage and costing
are influenced by local healthcare policies in the context
of local economies, and by differences in clinical prac-
tices, as well as medical decisions. Notably, regional dif-
ferences in healthcare costs were demonstrated
previously in other areas of healthcare [18–23] but not
in NICU patients.
International reports through the World Health

Organization (WHO) and the Organization for Eco-
nomic Cooperation and Development (OECD) have
compared national outcomes and financial performance
in healthcare for many years. Regional variation has pre-
viously been reported in various healthcare expenditures
[38–41] at the national level, both in per capita calcula-
tions and in relationship to GDP. National comparisons
are fraught with difficulties in comparing like elements.
In contrast, regional comparisons can often be more
standardized. Indeed, regional cost differences have been
demonstrated in cancer care [38], cochlear implants
[42], tuberculosis care [43], and long-term care [44]. The
latter, for example, demonstrated 5-fold variation in re-
gional cost in the same country [44]. Quantifying this
variation within a country is important for the regional
policymakers to allocate resources, and for policymakers
in other countries to compare and benchmark their re-
sults and variation. This variation is sometimes reflective
of local policies and costing mechanisms. Our data differ
because of the consistency in the costing and outcome
methods. We found that the variation persisted regard-
less of the gestational age. Indeed, the variation in me-
dian total costs was striking even after rigorous
adjustments. For example, median costs for infants born
at 28 weeks gestation, a more stable population in this
cohort, varied 2.9-fold between the regions. These differ-
ences persisted in the multivariate model, supporting the
notion that regional variation contributed significantly to
the cost of care. Examining the costs for 28-week infants
is highly illustrative because their survival rate is close to
100%, and they would complete their stay to discharge.
Indeed, their course is typically less complicated [2, 45]
and expected to be less expensive. Therefore, regional
practices and their inherent costs are more explanatory
of the variation in their cost of care.

There are several potential causes for cost variation.
Previously listed [46] drivers of healthcare cost are popu-
lation complexity, physician billing, inflation, pharma-
ceuticals, materials, remunerations and administrative
costs. Some have noted [35] that acuity and complexity
can drive these cost differences. However, less is known
about cost differences between jurisdictions when com-
paring the same condition with similar acuity. While
there are demonstrable variations in specific cost com-
ponents between regions, we currently cannot determine
the specific causes, or subcategories, of the differences in
our data [47]. This is well demonstrated in the fact that
one province (SK) had higher median cost while having
another had a relatively shorter length of stay (NFL).
The differences may stem from local hospital costs,
medication and procedural practices, and expensive in-
terventions such as ventilation and parenteral nutrition.
The variation in these practices are reflected in national
level reports [2] but have not been translated to costs.
Our study has several limitations. First, we excluded

some jurisdictions from the analysis due to availability of
or quality of data. Nevertheless, we include over 70% of
the national population. Additional data may only add to
the observed variation. Second, as in many studies, our
findings rely on coding accuracy and consistency of ad-
ministrative data. However, the standardized approach
to cost calculation that has been applied to acute care
hospitals across Canada in CIHI methodologies [27, 28]
was demonstrated to be highly accurate. This enables
the calculation of accumulated cost of hospital stay of a
preterm infant from birth, through hospital units or
transfers, to discharge or demise. Third, our analyses
considered only hospital costs from the birth to dis-
charge home or death. It did not include health services
in later life that many of these infants, who suffer from
complications related to preterm birth, will require.
While this may lead to an underestimate of costs, our
focus was on the costing of entire hospital stay, thereby
better reflecting the local policies. Fourth, the cost of
care did not adjust for clinical outcomes or adverse
events. These important aspects need to be included
within an in-depth comparison of programs, which
should be considered in future work. Fifth, we were un-
able to adjust for clinical practice differences (such as
particular procedures, ventilation modes, staffing, or nu-
trition). This could assist in calculation of cost avoidance
due to local systemic contributors to costing. Confidenti-
ality agreements or data limitations prevented us from
performing this type of analysis. Sixth, physician com-
pensations are not included in this analysis since this is
not reported to CIHI as part of the cost of care calcula-
tion. Although this puts an underestimation to the soci-
etal cost, this emphasizes even more the high cost in
preterm care. Finally, we report cost of hospital stay
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without ethical consideration regarding quality of life,
and without performing a formal cost-effectiveness or a
cost-utility analysis. Indeed, ethics in the costs of med-
ical care have been considered in other policy relevant
work [14, 18–23, 48–50].

Consclusions
We found extensive regional cost variation for extremely
preterm infants. The findings persisted after adjusting
for several predictive factors. These results demonstrate
that there is much room for cost reduction and
standardization in support of cost reduction, one of the
quadruple aims of healthcare quality improvement [51].
Reducing large cost variation through standardization
can lead to cost savings [52, 53]. Our findings may be
useful to policymakers for planning and resource alloca-
tion decisions. Moreover, small cost differences can be
amplified over large patient cohorts. In our study, even a
small cost variation of 3% translated to large total differ-
ences of $2786 per patient and $19,315,117 in total.
These were further magnified when potentially achiev-
able amounts for lower cost regions were applied
broadly and over several years [54]. Decreasing such
variation can help centres and regions decrease their
cost while maintaining excellent care. In time, this will
allow for channelling the savings towards further invest-
ments and innovations to improve the care of these fra-
gile infants.
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