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Abstract

Background: Postmenstrual age for surviving infants without congenital anomalies born at 24 to
29 weeks’ gestational age from 2005 to 2018 in the United States increased 8 days, discharge
weight increased 316 grams, and median discharge weight z-score increased 0.19 standard units.
We asked whether increases were observed in other countries.

Methods: We evaluated postmenstrual age, weight, and weight z-score at discharge of surviving
infants without congenital anomalies born at 24 to 29 weeks’ gestational age admitted to
Vermont Oxford Network member hospitals in Austria, Ireland, Italy, Switzerland, the United
Kingdom, and the United States from 2012 to 2020.

Results: After adjustment, the median postmenstrual age at discharge increased significantly in
Austria (3.6 days, 99% CI [1.0, 6.3]), Italy (4.0 days [2.3, 5.6]), and the United States (5.4 days
[5.0, 5.8]). Median discharge weight increased significantly in Austria (181 grams, 99% CI [95,
267]), Ireland (234 [143, 325]), Italy (133 [83, 182]), and the United States (207 [194, 220]).
Median discharge weight z-score increased in Ireland (0.24 standard units, 99% CI [0.12, 0.36])
and the United States (0.15 [0.13, 0.16]). Discharge on human milk increased in Italy,
Switzerland, and the U.K. while going home on cardiorespiratory monitors decreased in Austria,
Ireland and U.S. and going home on oxygen decreased in Ireland.

Conclusions: In this international cohort of neonatal intensive care units, postmenstrual discharge
age and weight increased in some, but not all, countries. Processes of care at discharge did not

change in conjunction with age and weight increases.



Introduction

A recent study found that postmenstrual age at discharge increased 8 days, discharge
weight increased 316 grams, and median discharge weight z-score increased 0.19 standard units,
among surviving infants without congenital anomalies who were born at 24 to 29 weeks’
gestational age from 2005 to 2018 and admitted to a Vermont Oxford Network member hospital
in the United States (U.S.).[1] The authors observed increases within every week of gestational
age with and without adjustment for infant characteristics. The increases in discharge age
occurred despite morbidity decreases[2] and care process improvements[3] that would suggest
that infants should be discharged sooner.

One hypothesis for the increase in discharge age was care process improvements such as
resolving apnea of prematurity or establishing breastfeeding prior to discharge. Another
hypothesis was misaligned financial incentives in the U.S. healthcare system that may encourage
hospitals to keep infants hospitalized, although an accompanying commentary observed that
financial incentives were stable during the study period, suggesting that probably was not the
cause.[4]

This study replicates the original discharge age and weight methodology in Austria, Ireland,
Italy, Switzerland, and the United Kingdom (U.K.) to ascertain if discharge age and weight
increased in these countries. The idea stemmed from unpublished data in Italy where similar
increases were observed. The goals of healthcare’s quintuple aim are to improve population
health, enhance care, reduce costs, reduce provider burnout, and advance health equity.[5]
Understanding whether postmenstrual discharge age and weight increased in countries other than
the United States can help identify the role of neonatal care management and what could or

should be done to help neonatology enhance care, reduce costs, and improve population health.



Methods

Vermont Oxford Network (VON) is a voluntary worldwide community of practice with
members in 38 countries dedicated to improving the quality, safety, and value of newborn care
through a coordinated program of data-driven quality improvement, education, and research. The
University of Vermont institutional review board determined that the use of data from the VON
Research Repository for this analysis was not human subjects research.

VON member hospitals in Austria, Ireland, Italy, Switzerland, the U.K., and the U.S.
contributed data on infants 401 to 1500 grams or 22 0/7 to 29 6/7 weeks’ gestational age at birth
who were inborn or transferred to the reporting hospital within 28 days from birth from January
1, 2012 to December 31, 2020. These countries were chosen because all or many NICUs
participate in VON. The study started in 2012 due to adoption of a diagnosis-based group
hospital payment system in Switzerland.[6] All data were collected by local staff using
standardized definitions[7] which facilitated comparisons across countries.

All liveborn infants born from 24 0/7 to 29 6/7 weeks’ gestation without congenital
anomalies who survived to discharge home were included. Postmenstrual age at discharge was
calculated as gestational age at birth in days plus total length of stay in days. Transferred infants’
length of stay was tracked by the reporting hospitals until ultimate disposition. Discharge weight
for infants was assessed for infants initially discharged home only because weight at ultimate
disposition for transferred infants was not available. Z-scores for weight at birth and discharge
up to 50 weeks postmenstrual age were calculated using the Fenton growth chart.[8] Z-scores for
discharge after 50 weeks’ postmenstrual age were calculated using the WHO Child Growth

Standards with corrected age.[9] The proportions of infants who were discharged home on



oxygen, on cardiorespiratory monitors, or on any human milk were assessed to evaluate clinical
factors that may influence discharge age.

The median postmenstrual age, weight, and z-score for weight at discharge were
calculated using bootstrapping to estimate a 99% confidence interval for each country and year.
Quantile regression adjusted for infant characteristics (gestational age in weeks, birth weight z-
score, sex, multiple birth, one minute Apgar score, inborn/outborn) was used to estimate
differences over time in median age, weight, and discharge weight z-score in each country.
Logistic regression models with linear time trend were used to assess the significance of changes
in discharges on human milk, on oxygen, and on cardiorespiratory monitors over the time period.
All analyses used significance level 0=0.01. Sensitivity analyses were performed to assess the
potential impact of the SARS-COV-2 pandemic by removing 2020.

Hospital characteristics were obtained from the VON annual member survey. Using
responses to whether the hospital was required to transfer infants for assisted ventilation or
whether one of eight surgeries was performed at the hospital (omphalocele repair,
ventriculoperitoneal shunt, tracheoesophageal fistula and/or esophageal atresia repair, bowel
resection and/or reanastomosis, meningomyelocele repair, PDA ligation, cardiac catheterization,
or cardiac surgery requiring bypass), hospitals were divided into four groups: ventilation
restrictions, no surgery; no ventilation restrictions, no surgery; no ventilation restrictions, surgery
except cardiac requiring bypass; and no ventilation restrictions, cardiac surgery requiring bypass.
Teaching hospitals included those in which pediatric residents, neonatology fellows, or other

residents participated in direct patient care in the NICU.



Results

From 2012 to 2020, 967 hospitals contributed data (Austria (n=11), Ireland (n=20), Italy
(n=87), Switzerland (n=9), U.K. (n=38), U.S. (n=802)) of which 13% were hospitals with
ventilation restrictions and without surgical services, 37% were without restrictions on
ventilation that did not do surgery, 36% were without restrictions on ventilation that performed
surgery except cardiac surgery requiring bypass, and 14% were without restrictions on
ventilation that performed cardiac surgery requiring bypass. Hospital data by country are
provided in Supplemental Table 1.

Overall, 232,203 infants were evaluated. From 2012 to 2020, the median postmenstrual
age at discharge ranged from 37 weeks, 6 days (Ireland) to 38 weeks, 5 days (U.S.). The median
discharge weight ranged from 2400g (Italy) to 2900g (Switzerland), and the median discharge
weight z-score ranged from -1.5 (Italy) to -0.7 (Ireland). Observed medians over time are shown
in Figure 1 and Table 2, and infant characteristics in Table 1.

After adjustment, the median postmenstrual age at discharge increased at hospitals in
Austria (3.6 days, 99% CI [1.0, 6.3]), Italy (4.0 days, 99% CI [2.3, 5.6]), and the U.S. (5.4 days,
99% CI [5.0, 5.8]). Median postmenstrual age at discharge increased at hospitals in Ireland and
decreased at hospitals in Switzerland and the U.K., although not significantly (Table 2 and
Figure 2). Median postmenstrual age at discharge decreased with increasing gestational age at
birth (Figure 3).

Median discharge weight increased at hospitals in Austria (181 grams, 99% CI [95, 267]),
Ireland (234 grams, 99% CI [143, 325]), Italy (133 grams, 99% CI [83, 182]), and the U.S. (207

grams, 99% CI [194, 220]). Median discharge weight decreased at hospitals in Switzerland and



increased in the U.K., although not significantly (Table 2 and Figure 2). Median weight at
discharge decreased with increasing gestational age at birth (Figure 3).

Median discharge weight z-score increased at hospitals in Ireland (0.24 standard units,
99% CI [0.12, 0.36]) and the U.S. (0.15 standard units, 99% CI [0.13, 0.16]). Median discharge
weight z-score increased at hospitals in Austria, Italy, and the U.K. and decreased in
Switzerland, although not significantly (Table 2 and Figure 2). Median discharge weight z-score
generally increased with gestational age at birth (Figure 3).

From 2012 to 2020, the percentage of infants discharged on human milk increased in
Italy (61% to 75%), Switzerland (70% to 76%), and the U.K. (43% to 62%). Hospitals in Austria
(50% to 32%), Ireland (17% to 16%), and U.S. (28% to 18%) decreased the percentage of infants
going home on a cardiorespiratory monitor. Hospitals in Ireland decreased (7% to 3%) rates of
oxygen at discharge (Figure 4).

A sensitivity analysis excluding 2020 did not change the results (Supplemental Figure 1).
The proportion of extremely preterm infants born from 24 to 26 weeks’ gestational age and the

proportion who survived did not change over time (Supplemental Figure 2).

Discussion

In this international cohort, postmenstrual age, weight, and weight z-score at discharge
increased significantly in some, but not all, countries. Median postmenstrual age at discharge
increased in three of six countries (Austria, Italy, and the U.S.), median weight at discharge in
four (Austria, Ireland, Italy, and the U.S.), and median discharge weight z-score in two (Ireland
and the U.S.). While the difference in postmenstrual age at discharge between the six countries

was only six days on average (37 6/7 to 38 5/7), there was more variation in discharge weights



(2400 grams to 2900 grams on average) which likely reflects differences in feeding or nutritional
practices.

We explored discharge on oxygen, cardiorespiratory monitors, and human milk to
explain the increases in postmenstrual age at discharge. The proportion of infants discharged on
cardiorespiratory monitors decreased in Austria and the U.S. without a decrease in oxygen at
discharge. This finding suggests that use of monitors with home oxygen for bronchopulmonary
dysplasia was stable while use of monitors for apnea decreased, perhaps due to more emphasis
on apnea management before initial discharge or due to more strict indications for the need to
discharge an infant on a monitor. However, understanding the relationship between the use of
cardiorespiratory monitors and length of stay requires more detailed information than is available
in the VON database. The proportion of infants discharged home on human milk increased
significantly in Italy, suggesting more time or effort spent establishing breastfeeding. There is
little correspondence at the country level between the increases in postmenstrual age and weight
at discharge and changes in these factors. Whether these factors definitively influenced
postmenstrual age at discharge is unknown. There is marked variation in clinical practices related
to apnea monitoring, oxygen supplementation, postnatal steroids for chronic lung disease, and
breastfeeding within and among countries, all of which may affect length of NICU stay, growth
at discharge, and readmission rates. Future research should address the impact of these practices
on the outcomes we have assessed. Of particular importance is the use of human milk which
should be available for all preterm infants.

A previous study of length of stay among survivors born from 24 to 28 completed weeks
gestational age in 2014 to 2016 across 10 countries including Switzerland and the U.K. found

that median length of stay varied from 75 days in Finland to 107 days in Israel.[10] Median



length of stay was 84 days (IQR: 69, 103) in Switzerland and 82 days (IQR: 66, 103) in the U.K.
A study comparing hospital length of stay for infants born 22 to 31 completed weeks gestational
age in 10 European regions showed no change across regions from 2003 to 2011/2012 after
adjustment, but with wide variation by country.[11] A systematic review of factors that increase
length of stay in a neonatal unit found that organizational factors within a geographic region,
such as level of care, may influence length of stay, but the study did not mention factors across
geographic regions, such as healthcare financing systems.[12] Organizational factors such as
management of neonatal intensive care units in Italy has also been found to be associated with
outcomes.[13] However, in a large integrated health system in southern California, NICU
patient days decreased from 2010 to 2018, although most of the change occurred among infants
with higher birth weights and gestational ages.[14] The authors of that study suggest that the
hospital system’s financial structure, which is population-based rather than fee-for-service, had
financial incentives to decrease NICU admissions and lengths of stay. The role of financial
incentives in the increases observed in the current study is complex because healthcare financing
mechanisms differ at the federal, state, and even local level. Still, increases in postmenstrual age
at discharge were observed regardless of financing systems.

This study’s limitations include lack of information on discharge policies at the unit or
country level. While in Austria, Ireland, Italy, Switzerland, and the United States, all or nearly all
NICUs routinely caring for the study population participate in VON, not all NICUs are VON
members and the results may be different for non-members. Membership by country varies by
NICU level; higher-level NICUs are more likely to be represented in VON except in the U.K.,
which has a highly regionalized care structure with more non-tertiary level units than tertiary

units. We do not know readmission rates, and we do not have enough information to determine



causal mechanisms. There could be unmeasured differences in survivors contributing to our
findings. Finally, 2020 includes part of the SARS-CoV-2 pandemic, which influenced NICU
admissions and discharges[15,16]; however, a sensitivity analysis excluding 2020 did not change
our results.

What do these findings mean for families? In Austria, Italy, and the U.S., age at discharge
increased, meaning that infants are spending more time away from their homes today than in
previous years. The balance between longer stays and readmission is the biggest unknown,
although a U.S. study found that infants with shorter initial NICU lengths of stay had higher
readmission rates.[17] Readmission rates may be easier to measure in countries with social
insurance systems; readmission deserves further inquiry given the increases in discharge age.
Infants in Austria and the U.S. are going home with less monitoring, which should benefit
families. Discharge weight increased in Austria, Italy, and the U.S. too, but discharge weight z-
scores increased only in the U.S., suggesting that increases in discharge weight in Austria and
Italy were due to increases in discharge age and not in gains made against gestational age
standards (although experts are uncertain about the usefulness of z-scores).[18] In Switzerland
and the U.K., postmenstrual age at discharge did not increase significantly; however, discharge
weight and discharge weight z-score also did not increase, although discharge weight and
discharge weight z-score were among the highest in Switzerland during the entire period despite
the highest proportion of infants small for gestational age at birth. The Irish units may have
solved the value equation for families: the lowest median postmenstrual age at discharge and
increases in discharge weight, discharge weight z-score, and the proportion discharged on human

milk, without significant increases in discharge age.
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Conclusions

In this international cohort of NICUs, postmenstrual age, weight, and weight z-score at
discharge age increased in some, but not all, countries. Despite the study’s limitations, we
contribute to the growing literature about NICU length of stay. Enhancing care, reducing costs,
and advancing health equity, three parts of healthcare’s quintuple aim,[5] are essential to
improve the value of care for families. Apnea monitoring practices, discharge care practices, and
readmission rates deserve deeper examination as the field continues to evaluate the impact of

these increases.
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Figure Legends

Figure 1: Observed medians for postmenstrual age at discharge (red), discharge weights (green),
and discharge weight z-scores (blue) with 99% confidence intervals, 2012 to 2020, by country.

Figure 2: Changes in postmenstrual age at discharge, discharge weights, and discharge weight z-
scores with 99% confidence intervals, 2012 to 2020, by country, adjusted for gestational age in
weeks, birth weight z-score, sex, multiple birth, one minute Apgar score, and inborn/outborn
status.

Figure 3: Median postmenstrual age at discharge (red), discharge weights (green), and discharge
weight z-scores (blue) with 99% confidence intervals by gestational age at birth, by country.

Figure 4: Observed rates of infants discharged on human milk (red), cardiorespiratory monitor
(green), and oxygen (blue), 2012 to 2020, by country.
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