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Introduction

Premature birth affects almost one in ten newborns (1).  
Approximately one percent of newborn infants are 
extremely preterm, born before 29 weeks (2,3). Neonatal 
intensive care unit (NICU) care for extremely preterm 
infants is long and involves prolonged ventilatory support, 

parenteral nutrition, and multiple medical interventions. 
The intensive care required for this patient group naturally 
translates to a high healthcare cost (4-6). As a result, 
extremely preterm infants account for some of the highest 
expenditures in hospitalized patients (7). 

Of the preterm population, infants born at 23–25 weeks 
of gestation, sometimes referred to as micropreterm, are 
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the most vulnerable newborns and are considered at the age 
of borderline viability (8). These infants require the most 
intensive support and they are the focus of care optimization 
worldwide (9). In recent years it has become common 
practice to offer intensive care to these infants in tertiary 
NICUs (8,10). The majority survive to discharge home (2). 

Costs for providing care to extremely preterm infants, 
and specifically the micropremature (23–25-week) 
infants, have been uncertain and controversial (11-14).  
Understanding these costs is important for health 
policymakers and planners in resource allocation decisions 
(15,16). Further, cost is considered a component of the 
healthcare quality aims (17). Previous work with cost 
effectiveness analyses (CEAs) has estimated the cost-
effectiveness of NICU care (18-23) but this work did not 
include the most recent practice of 23–25-week infants. 
The most recent CEA (19) demonstrated cost effectiveness 
of resuscitation at 23 weeks in a theoretical model from 
maternal-neonatal perspective. Thus, we sought to calculate 
and compare the cost of care for extremely premature 
infants by gestational age at a national level from the public 
payor perspective and as a secondary outcome, to compare 
costs at the borderline viability preterm age of 23–25 
weeks. We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tp-21-36).

Methods

Data source

We analyzed data from the Canadian Institute for Health 
Information database (CIHI), a national agency responsible 
for collecting healthcare information. CIHI data validity is 
confirmed in multiple studies, demonstrating a typical 98% 
correlation with hospital patient charts (24,25). We included 
liveborn deliveries at gestational age of 23–28, between 
January 1st, 2011 and December 31st, 2015, a timeframe 
which represents completed, audited, quality assured-data, 
and that captures years when support for 23-week infants 
became common in NICUs across Canada. We excluded 
deliveries that were stillbirths or termination of pregnancies. 
We analyzed the cost of the initial neonatal stay from birth 
to discharge home or death and subcategorized the data 
by gestational age. We could not include the province 
of Quebec, as they do not submit data to CIHI, and we 
excluded the Canadian Territories (Yukon, Northwest, 
and Nunavut) and the province of Prince Edward Island 

due to incomplete cost data and small numbers of preterm 
deliveries. We used the total cost of hospitalization of each 
patient in the complete hospital stay from birth to discharge 
home or death, including all transfers, as this reflects the 
complete cost to the ministries of health, representing the 
public. CIHI costing methodology (26) is published and 
standardized across the Canadian provinces (27). Physician 
billing is not included in CIHI data as they are mostly 
compensated separately by provincial billing plans. Costing 
was adjusted for the published Canadian Healthcare 
Consumer Price Index (28) in Canadian dollars. The data 
is restricted and is restricted from general access due to 
data protection agreements. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Sunnybrook Hospital 
Research Ethics Board and CIHI (REB#: 485-2016). 
Individual consent for this database study was waived.

Statistical analysis

We calculated means, standard deviations, 95% confidence 
intervals (CIs), medians, and interquartile ranges (IQRs) 
for each gestational age group. To correct for the low cost 
associated with early mortality, we repeated the cost analyses 
for infants surviving more than 3 days. We compared groups 
using Mann-Whitney-Wilcoxon tests, for non-normally 
distributed cost data. For trends, we calculated coefficient of 
determination (R2) or the Kruskal-Wallis test for variance of 
non-normally distributed data. For effect size, we calculated 
Cohen’s D or Rosenthal’s r for non-normally distributed data. 
To evaluate the gestational age contribution to the cost, we 
performed a Gamma-fitted, outliers-eliminated generalized 
linear model, of daily or total cost adjusted for length of stay, 
survival, and year. The adjustment for survival >3 days was 
selected to correct for the early deaths that would result in 
lower costs overall. We calculated CIs for each coefficient, 
pseudo-R2 and Akaike information criterion (AIC) to assess 
the model’s robustness. Analyses were performed in R 
statistical language v4 and SPSS v23.

Results

We analysed the costs for 6,932 extremely preterm infants. 
Table 1 details the costs and length of stay by gestational age 
and survival more than 3 days.

The length of stay was variable between age groups. 
The median length of stay was 41 days (IQR, 1–77 days) 
for all included patients. The median length of stay for 
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Table 1 Total costs, daily costs, and length of stay by gestational age and by survival

Gestational age 
(weeks)

Total cost ($) Daily cost ($) Length of stay (days)

min 1Q Median Mean 3Q Max min 1Q Median Mean 3Q Max min 1Q Median Mean 3Q Max

All infants

23 949.7 1,571 2,294.2 45,978.8 24,899.7 743,359.6 633 1,571 2,012 2,622 2,672 146,939 1 1 1 21.4 7 272

24 645.3 3,241.5 55,290.3 112,767.5 223,757.2 1,577,166.2 645.3 1,850.9 2,378.6 2,627.1 2,934 84,851.8 1 1 21 53.7 104 1,011

25 1,422 13,366 97,398 123,043 215,347 816,337 722 1,711 2,186 2,516 2,827 94,451 1 4 55 59 98 415

26 813 30,926 87,436 109,685 155,592 662,927 496.1 1,459.2 1,942.5 2,191.8 2,619.5 62,612.3 1 13 56 56.5 87 270

27 813 34,672 72,193 90,246 111,783 813,162 406.5 1,358.5 1,789.3 2,196.5 2,415.2 71,546.8 1 19 48 49.7 74 395

28 804.4 23,013 58,778.4 71,611.5 88,727.3 599,894.2 581.3 1,345.9 1,653.4 1,914.3 2,211.8 32,599.2 1 12 40 41 64 371

<26 645.3 2,639 44,481.7 99,515.1 177,501.1 1,577,166.2 633 1,706 2,179 2,582 2,849 146,939 1 1 17 47.4 92 1,011

23–28 645.3 4,920 66,668.4 92,879 125,550.7 1,577,166.2 406.5 1,515.6 1,940.3 2,278.8 2,619.2 146,938.6 1 1 41 48 77 1,011

Surviving >3 days

23 10,290 44,711 147,835 159,830 233,847 743,360 633 1,836 2,381 2,606 3,142 7,310 4 13.75 71.5 75.05 123 272

24 10,126 61,160 154,736 172,455 248,290 1,577,166 695.6 1,792.7 2,204 2,386 2,755.8 7,446.1 4 24.5 88 82.44 116 1,011

25 9,904 79,737 130,317 161,120 229,058 816,337 722 1,704 2,038 2,234 2,643 6,484 4 40 78 77.48 108 415

26 7,355 72,420 104,778 138,444 211,265 662,927 638.5 1,379.3 1,811.4 2,013.2 2,417.7 26,071.5 4 46 70 71.45 92.75 270

27 3,411 56,991 85,060 109,075 125,411 813,162 611.7 1,296.9 1,635.3 1,863.8 2,185 13,178 4 37 58 60.37 79 395

28 7,886 42,408 72,193 86,870 98,812 599,894 581.8 1,297.7 1,552.7 1,792.4 2,001.4 13,885.7 4 27 49 49.79 67 371

<26 9,904 69,783 140,526 165,232 236,832 1,577,166 633 1,712 2,121 2,336 2,755 7,446 4 30 79 79.06 113 1,011

23–28 3,411 56,596 91,137 126,657 188,757 1,577,166 581.8 1,392.2 1,805.5 2,023.7 2,419.2 26,071.5 4 34 61 65.62 90 1,011

the micropremature (23–25 weeks) was 17 days (IQR,  
1–92 days). For infants surviving more than 3 days, the 
median length of stay was 61 days (IQR, 61–90 days) and 
for micropremature infants 79 days (IQR, 4–113 days).

Cost

The median total cost of care for the entire cohort was 
$66,668 (IQR, $4,920–$125,550). The median daily cost 
for the entire cohort was $1,940 (IQR, $1,515–$2,619). 
To reduce the confounding effect of infants who were too 
ill to survive or were not actively supported, we calculated 
the costs for infants who survived more than 3 days. The 
median total cost of care for the entire cohort who survived 
>3 days was $91,137 (IQR, $56,596–$188,757). The median 
daily cost for the entire cohort who survived >3 days was 
$1,805.5 (IQR, $1,392–$2,419) (Figure 1). 

There was no trend in cost medians during the years of 

the study (P=0.4).
The median total cost for the micropremature infants 

was $44,481 (IQR, $2,639–$177,501). The median daily 
cost for the micropremature infants was $2,179 (IQR, 
$1,706–$2,849). The median total costs of care for the 
micropremature infants who survived >3 days was $140,526 
(IQR, $69,783–$236,832). The median daily cost for the 
micropremature infants who survived >3 days was $2,121 
(IQR, $1,712–$2,755).

There was no difference between median total costs for 
the 23-week—$147,835; 24-week—$154,736; 25-week—
$130,317 (Figure 2, P>0.2). The median daily costs of care 
for the micropremature infants who survived the first 3 days 
of life were 23-week—$2,381; 24-week—$2,204; 25-week—
$2,038. The 3 groups were statistically different (Figure 2, 
P≤0.01). However, the effect size was small for all (r=0.027 
for 23–24-week comparison, r=0.12 for 24–25, and r=0.005 
for 23–25).
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Figure 1 Cost of care for extremely premature infants by gestational age. (A) All included infants; (B) infants who survived >3 days.

Figure 2 Cost of care for 23–25-week infants. (A) Daily cost; (B) total cost.

Adjusted model

The adjusted model for the entire cohort found that 
gestational age was a significant predictor of total cost when 
adjusted for survival over 3 days and length of stay (exponentiated 

coefficient estimate: 0.98, 95% CI: 0.97–0.99, P=0.001). The 
model was robust (pseudo-R2 =0.92). Gestational age was a 
significant predictor of daily cost (exponentiated coefficient 
estimate: 0.92, 95% CI: 0.91–0.93, P<0.001). However, the 
model fit was poor (pseudo-R2 =0.2). 
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For the micropremature infants, gestational age also 
predicted total cost (exponentiated coefficient estimate: 
1.09, 95% CI: 1.07–1.11, P<0.001). This model fit was 
robust (pseudo-R2 =0.95). Gestational age was not a 
significant predictor of daily cost (exponentiated coefficient 
estimate: 1.014, 95% CI: 1.001–1.03, P=0.07) but the model 
fit was poor (pseudo-R2 =0.1).

Discussion 

We evaluated the costs of NICU stay for extremely preterm 
infants of 23–28 weeks gestation at birth at a national 
level from a government payor perspective. We found that 
overall, the median daily cost of care for a very premature 
infant was $1,940 (IQR, $1,515–2,619) and did not change 
significantly over the study period. We also found that 
the median length of stay was 41 days (IQR, 1–77 days). 
The total costs were high: the median was $66,669 (IQR, 
$4,920–$125,550) and varied between gestational ages, 
increasing with lower gestational age at birth, representing 
more prematurity and risk of complications. For infants 
living more than 3 days, the median was $91,137 (IQR, 
$56,596–$188,575). 

We found that in the micropremature population who 
survived more than 3 days, the total cost was not different 
between 23- and 24-week infants and the daily cost differed 
little. This likely reflects the difference between the lower 
cost for infants born at 23 weeks gestation who had low 
survival rates due either palliative care (leading to 1 day of 
admission until death) or early mortality due to extreme 
prematurity, and the higher survival rates in the 24–25-week  
population. Indeed, modelling the relationship of cost to 
gestational age, we found that age was a poor predictor 
of cost, while survival of more than 3 days was a better 
predictor. 

Previous analyses of preterm care costing (29) have 
recently been published and confirm our results (29-31)  
of increased cost at younger ages. However, direct 
comparison of costing between age groups at the most 
extreme periviable ages was not available at the time of this 
analysis. Canadian funding of healthcare, a public universal 
healthcare coverage, is complex (32) and is comprised of 
federal funding, provincial funding, and other sources. 
In the Canadian context, and as confirmed in the other 
studies mentioned, the cost of neonatal care for preterm 
infants is very high, and is a source of interest for payors, 
policymakers and healthcare providers.

The strengths of our study include the use of a reliable, 

audited, standardized, national dataset. This source used 
standardized sums of the total cost of stay continuously 
for each patient, thereby categorizing the costs according 
to gestational age. As well, we were able to use recent data 
from time periods when infants born at 23 weeks gestation 
began to be supported. Further, the large number of infants 
born over several years helped with the comparability of 
our findings. Another strength is the use of “real-life” 
national payment validated data, that is free of any patient 
characteristics. Finally, we employed a validated modelling 
technique to adjust for important variables. 

Our study has  several  l imitat ions.  First ,  some 
jurisdictions were not included in the analysis because of 
incomplete or unavailable data. Nevertheless, our data 
captures almost three-quarters of the national cohort. 
Second, cost calculations are dependent on data inputs 
from the various hospitals. However, CIHI implemented 
a standardized approach to cost calculation that has been 
applied to all acute care hospitals across Canada to mitigate 
this risk. Third, we rely on the accuracy of the CIHI data 
coding for several elements of our analysis. Notably, this 
data has been evaluated in several studies and found to 
be highly reproducible (24,25). Fourth, our analyses only 
considered hospital costs from delivery through NICU, 
to discharge home or death. We did not include later life 
healthcare expenses secondary to complications related to 
preterm birth that are common in this cohort. Thus, this 
results in an underestimate of total costs but still reflects 
our main outcome related to NICU costs. Fifth, our study 
did not adjust for baseline characteristics or typical neonatal 
complications and outcomes. Our study was designed to 
describe the costs associated with extreme preterm birth 
in hospital care with an aim to measure the cost to the 
payor. A formal cost-effectiveness analysis could provide 
further details on cost per-outcome. Nevertheless, we can 
predict with the current result cost-effective NICU care 
as the survival of the infants is so high. Lastly, the ethical 
questions regarding quality of life versus resource allocation 
are not discussed in this study. These considerations were 
out of scope but undeniably important. The consideration 
of cost in medical care has been discussed in other studies 
(14,33-35). Neonatal intensive care has used this data to 
demonstrate cost effectiveness. We believe that an updated 
formal cost utility analysis informed by our data is timely 
and relevant. Our demonstration that even at the extreme 
periviable ages of 23–25 weeks gestation the cost of care 
is not different, may be an argument for or reassurance to 
continue the practice of life support for this gestational age 
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group for policymaker and funding authorities.
Our f indings  descr ibe  the  high cost  of  in i t ia l 

hospitalization for extremely preterm infants by gestational 
age. The cost and length of stay reflect differential survival 
of infants by birth age, but also underscore similarities 
even in the lowest age groups. The overall cost of care for 
extremely preterm infants is high and reflects the prolonged 
stay till maturity to discharge home. Our current knowledge 
of preterm outcomes demonstrates this cost is associated 
with high and increasing survival rates and a good quality 
of life in this population later in life (36). Our next steps 
would be to specifically evaluate regional differences and 
diagnoses that predict higher costs, thereby enabling a 
better understanding of neonatal morbidities as important 
determinants of societal spending on health. 

Our study of costs for critical care of extremely 
premature infants underscores the notion that extremely 
preterm infants are not substantively different from 
slightly older preterm infants in their health-related costs 
in the neonatal period. Indeed, the advances that “push 
the envelope” in the care of these fragile newborns do not 
appear to come with markedly different costs. 
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