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Abstract: The COVID-19 pandemic changed birth hospitalization, with many hospitals implementing
restrictions. Little is known about the impact of the COVID-19 pandemic on rates of early newborn
discharge and length of stay (LOS). The primary objective was to compare rates of early discharge
before and after the start of the COVID-19 pandemic. Secondary objectives included 28-day read-
missions and LOS. A single-center retrospective cohort study was undertaken of all live newborns
discharged from a well newborn nursery in the United States between 1 July 2015 and 18 June 2021.
The pre-COVID-19 era was defined as 1 July 2015 to 29 February 2020, and the COVID-19 era as
1 March 2020 to 18 June 2021, based on the first case reported in our state. Early discharge was
defined as less than or equal to 24 h. A total of 10,589 newborns were included: 8094 before and
2495 after the COVID-19 pandemic started. Overall, 43 newborns (0.41%) were discharged early.
In the COVID-19 era, early discharges significantly increased from 0.23% (n = 19) to 0.96% (n = 24)
(p < 0.001). Median LOS declined from 52.0 (IQR, 43.0–64.0) to 45.0 (IQR, 37.0–56.0) hours (p < 0.001).
The 28-day readmission rate decreased from 2.3% (n = 182) to 1.3% (n = 33) (p < 0.01). Since the
start of the COVID-19 pandemic, the number of early discharges has significantly increased at our
institution without an increase in readmissions. Additionally, overall decrease in length of stay for
the birth hospitalization was observed. Potential reasons include changes in hospital unit policies
including visitor limitations to reduce COVID-19 infection risk to patients and staff and/or parental
concern for iatrogenic acquisition of the virus.
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1. Introduction

Early discharge of a newborn infant has been shown in some studies to be associated
with increased risk of readmission [1–4]. In 2004, the American Academy of Pediatrics
(AAP) in the United States (U.S.) defined early discharge as less than or equal to 48 h [5]. In
2015, the AAP outlined minimum discharge criteria for term healthy infants, recognizing
that timing of discharge should be individualized to the mother-infant dyad and involve
shared decision-making with the parents [6]. In 2015, the World Health Organization
(WHO) published updated guidelines increasing the recommended minimum length of
stay (LOS) after an uncomplicated vaginal delivery from 12 to 24 h [7].

In 1996, the U.S. Congress passed the Newborns’ and Mothers’ Health Protection
Act [8]. This federal law mandates insurers to pay for at least a 48 h hospital stay following
vaginal delivery and 96 h after a Cesarean delivery [8]. After passage, several studies
demonstrated an increased length of hospital stay [4,9,10]. With guaranteed insurance
coverage, shorter length of stay may still occur if the practitioner, in agreement with the
parent, elects for early discharge [4].

The arrival of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2 virus),
the causative agent for Coronavirus-19 Disease (COVID-19), brought changes to the birth
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experience and hospitalization in general in the United States. Many hospitals adopted
restricted visitor policies [11,12]. These policies may have enhanced preexisting socioeco-
nomic disparities in the neonatal and post-partum period [13]. Little is known as to how
these policies have affected newborn and maternal health outcomes.

The primary objective of our study was to evaluate the incidence of early discharges
from our newborn nursery and compare rates before and after the start of the COVID-19
pandemic. We hypothesized that the number of early discharges would increase after the
start of the COVID-19 pandemic. Secondary objectives include LOS over time and rates of
readmission after discharge.

2. Materials and Methods
2.1. Study Design and Patient Population

We performed a retrospective cohort study at a single academic institution in the
Midwestern United States. Our medical center has the state’s only Level IV Neonatal
Intensive Care Unit (NICU), Level 1 trauma center, and is affiliated with the state’s medical
school. It is the major referral center for high-risk obstetrics and serves a large catchment
area due to the closing of regional birthing centers. The catchment area for our academic
institution is the eastern half of the state as well as the far western portion of the neighboring
state, an area of approximately 25,000 square miles. In 2020, approximately 2100 newborns
were admitted to the nursery.

All live newborns discharged from the well-newborn nursery between 1 July 2015 and
18 June 2021 were included. At our institution, newborns of 35 weeks gestation or greater
weighing at least 1900 g may be admitted to the well-newborn nursery. Nursery capabili-
ties include intravenous (IV) antibiotics, phototherapy, and hypoglycemia management,
including dextrose gel and a single IV dextrose bolus. Newborns requiring respiratory
support or cardiopulmonary monitoring are admitted to the NICU. At our institution,
standard discharge is on day of life two for vaginal deliveries and day of life three for
cesarean section (C-section). We divided the cohorts into two groups based on the first
reported COVID-19 case in our state [14]. The pre-COVID-19 group included patients
discharged between 1 July 2015 and 29 February 2020. The COVID-19 group comprised
patients discharged between 1 March 2020 and 18 June 2021.

2.2. Outcomes and Study Definitions

The primary endpoint of the study was the proportion of newborns with early dis-
charge. The secondary endpoints were LOS and all-cause 28-day readmissions for patients
within our system. Early discharge was defined as a hospital stay less than or equal to
24 h of age. This definition was chosen based upon institutional practice, where newborns
are discharged based upon day of life rather than by hours of age. Standard institutional
practice is to discharge in the morning on day of life two after a vaginal or uncomplicated
C-section delivery and in the morning on day of life three for all other C-section deliveries.
LOS was calculated in hours using the date and time of birth and discharge. Time to
readmission was calculated from the date and time of the rehospitalization and newborn
nursery discharge.

2.3. Data Collection

All data were collected from the electronic medical record (EMR) and included date
and time of birth, hospital discharge, and readmission. Additional data collected included
gestational age, maternal age, mode of delivery, infant race, infant sex, birth weight, and
reason for readmission. Race was parent-reported and based upon predefined EMR racial
categories including White, African American/Black, American Indian/Alaska Native,
Asian, Hispanic, Native Hawaiian/Pacific Islander, Multiracial/two or more races, or
declined. LOS was categorized into five groups: less than or equal to 24 h, 25 to 30 h, 31 to
36 h, 37 to 48 h, and greater than 48 h.
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2.4. Statistical Analysis

Descriptive statistics were used to describe the study cohorts [15]. Bivariable statistical
procedures included the two-tailed Student’s t-test and Mann-Whitney-Wilcoxon test for
numerical variables. Chi-square tests and Fisher’s exact tests were calculated for categorical
variables. Column proportions were compared using the Z-test and a Bonferroni correction
was applied. To control for seasonal and temporal differences in LOS, focused analysis
was performed for patients discharged between 1 March 2018 and 18 June 2019 (Shortened
pre-COVID-19 group) and between 1 March 2020 and 18 June 2021 (COVID-19 group). The
two-sample Kolmogorov-Smirnov test was used to compare the cumulative distribution
functions of LOS and time to readmissions. Incidence rate ratios were computed for each
individual LOS group using the shortened pre-pandemic rates as reference. A significance
value of 0.05 was used. No data was missing. We performed statistical analyses with IBM
SPSS Statistics for Windows, Version 27.0 (Armonk, NY, USA).

3. Results
3.1. Demographics

A total of 10,589 newborns were included, with 8094 in the pre-COVID-19 and 2495 in
the COVID-19 cohorts. For the entire population, 65.8% (n = 6966) of infants identified as
White, 12.0% (n = 1271) African American/Black, 8.8% (n = 931) Multiracial/Two or More
Races, 6.4% (n = 677) Hispanic, 4.6% (n = 489) Asian, 0.3% (n = 33) American Indian/Alaska
Native, 0.1% (n = 13) Native Hawaiian/Pacific Islander, and 2.0% (n = 209) declined
categorization. Baseline characteristics for each cohort are described in Table 1.

Table 1. Baseline characteristics of newborns born before and during the COVID-19 pandemic.

Pre-COVID-19 Era *
(n = 8094)

COVID-19 Era *
(n = 2495) p Value

Gestational age, mean
(SD), weeks 39.2 (1.3) 39.0 (1.3) <0.001

Maternal age, mean (SD), years 29.8 (5.3) 29.7 (5.4) 0.35
Birth weight, mean (SD), grams 3381 (503) 3354 (488) 0.02

Race, n (%) **
White 5387 (66.6) 1579 (63.3) 0.003

African American/Black 998 (12.3) 273 (10.9) 0.06
American Indian/Alaska Native 24 (0.3) 9 (0.4) 0.62

Asian 393 (4.9) 96 (3.8) 0.04
Hispanic 502 (6.2) 175 (7.0) 0.15

Native Hawaiian/Pacific
Islander 8 (0.1) 5 (0.2) 0.21

Multiracial/two or more races 690 (8.5) 241 (9.7) 0.08
Declined 92 (1.1) 117 (4.7) <0.001

Mode of Delivery, n (%)
Vaginal delivery 5761 (71.2) 1780 (71.3) 0.87
Cesarean section 2333 (28.8) 715 (28.7)

* Pre-COVID-19 era was defined as 1 July 2015 to 29 February 2020, and the COVID-19 era as 1 March 2020 to 18
June 2021. ** Chi-square test, X2(7, n = 10,589) = 138.93, p < 0.001. “Declined” accounted for 88% of the chi-square
statistic. Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation.

Mean gestational age was significantly higher in the pre-COVID-19 era, 39.2 vs.
39.0 weeks (p < 0.001). Mean birth weight was significantly higher in the pre-COVID-
19 era, 3381 vs. 3354 g (p = 0.02). For race, the pre-COVID-19 cohort had a significantly
lower proportion decline categorization (1.1% vs. 4.7%, p < 0.001), and a higher proportion
of White newborns (66.6% vs. 63.3%, p = 0.003). There was no significant difference in
maternal age or mode of delivery between the two cohort groups (Table 1).
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3.2. Early Discharge (Less Than or Equal to 24 h of Age)

Early discharge occurred at a significantly lower rate during the pre-COVID-19 period,
0.23% vs. 0.96% (p < 0.001). During the pre-pandemic era, 19 newborns were discharged
at less than or equal to 24 h of age over a 56-month period compared to 24 newborns
over almost 14 months during the pandemic era. Mothers of early discharged newborns
were significantly older in the pre-pandemic era compared to the pandemic era, 31.8 vs.
29.1 years, (p = 0.04). There were no significant differences in gestational age or birth
weight. All newborns discharged early were born by vaginal delivery (Table 2). In addition,
discharges before 24 h of age also significantly increased during the COVID-19 era, 0.11%
(n = 9) vs. 0.60% (n = 15) (p < 0.001).

Table 2. Characteristics of newborns discharging early (less than or equal to 24 h) before and during
the COVID-19 pandemic.

Pre-COVID-19 Era *
(n = 19)

COVID-19 Era *
(n = 24)

p
Value

Gestational age, mean (SD), weeks 39.8 (1.1) 39.7 (0.6) 0.57
Maternal age, mean (SD), years 31.8 (3.9) 29.1 (4.3) 0.04
Birth weight, mean (SD), grams 3407 (332) 3464 (381) 0.60

Mode of Delivery, n (%)
Vaginal delivery 19 (100) 24 (100)
Cesarean section - -

28-day Readmission, n (%) 1 (5) 0 (0) 0.44
* Pre-COVID-19 era was defined as 1 July 2015 to 29 February 2020, and COVID-19 era as 1 March 2020 to 18 June
2021. Abbreviation: COVID-19, coronavirus disease 2019; SD, standard deviation.

3.3. Length of Stay

The median (interquartile range) LOS was significantly higher during the pre-COVID-
19 pandemic era at 52.0 (43.0–64.0) vs. 45.0 (37.0–56.0) hours (p < 0.001). A two-sample
Kolmogorov-Smirnov test showed a significant difference towards earlier discharge across
the entire population (p < 0.001).

To control for seasonal and temporal trends in length of stay, a focused data analysis
was performed for discharges across the same months of the year in different years. Table 3
demonstrates the incidence rate ratios of discharges grouped in five LOS categories. In the
COVID-19 era, a discharge at less or equal to 24 h of age was 3.1 times (95% CI, 1.3–7.2)
more likely to occur compared to the pre-pandemic levels. Similarly, a discharge at 25–30 h
of age was 4.2 times more likely (95% CI, 3.3–5.4) to occur in the COVID-19 era. Figure 1
illustrates the shift in distribution of LOS over the same periods (1 March–18 June). Figure 2
showcases the trends in LOS for our institution for cesarean, and vaginal deliveries over
the six-year period.

Table 3. Proportion of Discharges by length of stay before and during the COVID-19 pandemic.

Shortened
Pre-COVID-19 Era *

(n = 2268)
n (%)

COVID-19 Era *
(n = 2495)

n (%)

Incidence Rate
Ratio

(95% CI)

Discharges ≤24 h 7 (0.31) 24 (0.96) 3.1 (1.3–7.2)
Discharges from 25 to 30 h 73 (3.2) 338 (13.5) 4.2 (3.3–5.4)
Discharges from 31 to 36 h 120 (5.3) 245 (9.8) 1.9 (1.5–2.3)
Discharges from 37 to 48 h 750 (33.1) 881 (35.3) 1.1 (1.0–1.2)

Discharges >48 h 1318 (58.1) 1007 (40.4) 0.7 (0.6–0.8)
To control for seasonal and temporal trends in length of stay, focused data analysis was performed for discharges
across the same months of the year in different years. * Shortened pre-COVID-19 era was defined as 1 March 2018
to 18 June 2019, and COVID-19 era as 1 March 2020 to 18 June 2021. Abbreviation: COVID-19, coronavirus disease
2019; CI, confidence interval; h, hours.
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Figure 2. Mean length of stay in hours for overall, cesarean, and vaginal deliveries before and during
the COVID-19 pandemic Footnote—Pre-COVID-19 era (1 July 2015–29 February 2020) is shaded in
light green. COVID-19 era (1 March 2020–18 June 2021) is shaded in light pink. * A new newborn
sepsis algorithm was implemented in December 2019.

3.4. Readmissions

Readmissions included all causes within the first 28 days after the day of newborn
nursery discharge. For newborns with more than one readmission, only the first readmis-
sion was included. Readmissions occurred in 2% (n = 182) of the pre-COVID-19 cohort
compared to 1% (n = 33) of the COVID-19 cohort (p = 0.004). There was no association
between study cohorts and LOS for readmitted patients (p = 0.07). There was also no
association between study cohorts and race for readmitted patients (p = 0.05). Only one
newborn discharged early was readmitted. The newborn failed the critical congenital heart
disease screen at a follow-up appointment one day after discharge and was found to have
pulmonary hypertension on an echocardiogram (Table 4).
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Table 4. Characteristics of infants readmitted within 28 days of hospital discharge.

Pre-COVID-19 Era *
(n = 182)

COVID-19 Era *
(n = 33) p Value

Gestational age, mean (SD), weeks 38.6 (1.5) 38.6 (1.3) 0.90
Maternal age, mean (SD), years 30.2 (5.1) 30.6 (5.3) 0.65
Birth weight, mean (SD), grams 3379 (486) 3227 (555) 0.15

Mode of Delivery, n (%)
Vaginal delivery 144 (79) 27 (82) 0.82
Cesarean section 38 (21) 6 (18)

Length of Stay, n (%)
Discharges ≤24 h 1 (1) 0 (0) 0.07

Discharges from 25 to 30 h 4 (2) 5 (15)
Discharges from 31 to 36 h 8 (4) 1 (3)
Discharges from 37 to 48 h 64 (35) 11 (33)

Discharges >48 h 105 (58) 16 (49)
* Pre-COVID-19 era was defined as 1 July 2015 to 29 February 2020, and COVID-19 era as 1 March 2020 to 18 June
2021. Abbreviations: COVID-19, coronavirus disease 2019; h hours; SD, standard deviation.

Figure 3 shows the cumulative proportion of readmissions by time to hospitalization.
There was no difference in the cumulative distribution function, with a Kolmogorov-
Smirnov test D(215) = 0.997, (p = 0.27) indicating no difference between time to readmission
between the cohorts.
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The reasons for readmission were categorized as hyperbilirubinemia, infection (in-
cluded documented or suspected, fever, and hypothermia), feeding problems (included
dehydration), surgical, and other. Less common reasons included in the category of “other”
included but was not limited to fall, cardiac or respiratory issues, and suspected child
abuse. Hyperbilirubinemia was the most common reason for readmission, accounting for
over 50% of readmissions in both groups. For the pre-COVID-19 cohort, 52% (n = 94) were
readmitted for hyperbilirubinemia, 33% (n = 60) infection, 7% (n = 13) feeding problems,
3% (n = 5) surgical, and 6% (n = 10) other. In the COVID-19 cohort, 52% (n = 17) were
readmitted for hyperbilirubinemia, 18% (n = 6) infection, 9% (n = 3) feeding problems, 9%
(n = 3) surgical, and 12% (n = 4) other. There was no significant difference in readmission
diagnosis between the cohorts (p = 0.177). Eleven newborns were admitted twice within
first 28 days. Figure 4 shows the breakdown of readmission by indication.
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Figure 4. Readmitted infants and reason for readmission during first 28 days after discharge.
Footnote—Infection includes confirmed or suspected fever and hypothermia. Feeding problems
include dehydration. The distribution of readmission reason in the pre-COVID-19 era included 52%
hyperbilirubinemia, 33% infection, 7% feeding problems, 3% surgical, and 6% other. The distribution
of readmission reason in the COVID-19 era included 52% hyperbilirubinemia, 18% infection, 9%
feeding problems, 9% surgical, and 12% other.

4. Discussion

The length of birth hospitalization after an uncomplicated delivery has decreased in
several countries worldwide, including the U.S., United Kingdom (U.K.), and Canada [16,17].
Currently, in these countries the average length of stay after a singleton vaginal delivery
ranges between 1.5 and 2.0 days [18]. Cited benefits for earlier discharge include improved
family bonding, decreased risk of iatrogenic infection, and potentially decreased healthcare
cost [17,19,20]. Little is known about the impact of COVID-19 on the birth hospitalization.
In our study in the U.S., we found that rates of early newborn discharge, at less than or
equal to 24 h of age, increased without an increase in 28 day readmissions.

The definition of early discharge varies significantly among studies resulting in con-
flicting and challenging results in terms of interpretation [17,21]. In 2021, a Cochrane
review looking at early postnatal discharge of term infants weighing 2500 g or more at birth
found that the definition of “early” varied from 6 h to four to five days [17]. The authors
concluded that early discharge probably leads to a higher risk of infant readmission within
28 days of birth [17]. A 2020 meta-analysis by Jones et al. pooled readmission data from
seven randomized controlled studies and found that infants discharged early were more
likely to be readmitted within 28 days compared to standard discharge [2].

Our results are consistent with recently published studies since the onset of the
pandemic. In a study of 35 health systems in the U.S. including over 200,000 healthy term
singleton infants, Handley et al. reported early postnatal discharge increased from 28.5%
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to 43% for all births during the COVID-19 era, defined as less than two midnights for
vaginal and three midnights for cesarean births [22]. They looked at readmission rates in
the first seven days of life, and reported a slight decrease during the pandemic, 1.2% versus
1.1% [22]. After modification of unit policy in response to COVID-19, one U.S. hospital
reported that almost half of newborns born vaginally were discharged home after one
midnight compared to a quarter prior to implementation [23]. Similarly, 42.5% versus
12.5% of newborns born via C-section were discharged after less than or equal to two
midnights. Rates of newborn readmission within 28 days decreased from 2.1% to 1.3%
postimplementation [23]. In a study of seven New York hospitals, a significant decrease in
postnatal hospital LOS in the COVID-19 era was observed for both vaginal and C-section
deliveries [24]. Similarly, in the U.K. the COVID-19 New Mum Study reported a significant
decrease in postnatal length of stay after implementation of lockdown measures [25].

During the COVID-19 era, data from U.S. healthcare systems discussed above showed
that early discharge has not been shown to increase readmissions; in fact, a decrease in
readmissions has been observed [22,23]. The reason for this is unclear, and contradicts
the findings of a pre-pandemic meta-analysis which found infants discharged early were
more likely to be readmitted within 28 days [2]. In the meta-analysis, early was defined
as less than 48 h for vaginal and 96 h for cesarean delivery, which exceeds the average
postnatal LOS in several developed countries [2,18]. Five of the included studies from
Canada, Spain, Sweden, Switzerland, and the U.S. were published 15 or more years
ago [2]. A single study from Egypt of cesarean deliveries only accounted for 86.9% of
the readmissions [2]. A study by Hadley et al. found that a large and diverse population
of healthy newborns, including over 57,000 born during the COVID-19 pandemic, were
discharged earlier without an increase in readmission. This suggests that families and
practitioners were appropriately assessing discharge readiness based upon the outcome of
readmission. Time-based definitions of early discharge do not allow for individualization;
therefore, discharge checklists may be a better assessment of optimal discharge timing for
the mother-infant dyad [6].

Since the beginning of the COVID-19 pandemic, reasons for readmission remain
similar, with jaundice, dehydration, and feeding difficulties being most common [4,22,26].
Hyperbilirubinemia was the most common, accounting for over 50% of rehospitalizations
prior to and during the pandemic in both our study and in Handley et al. [22]. With
the anticipated release of the updated AAP hyperbilirubinemia guideline, the number
of readmissions for jaundice may decrease. Similar to a prior report, we found that
readmissions due to documented or suspected infection decreased after the start of the
pandemic [22]. This may be related to increased mask wearing, school closures, less travel,
and heightened awareness and practice of infection prevention. The pandemic also brought
changes in healthcare utilization as evidenced by delayed immunizations and other health
maintenance [27]. We chose a 28-day readmission window to ensure that delays in seeking
care did not mask readmission rates. We found no difference in time to readmission
between the cohorts.

The reasons for increase in early newborn discharge since COVID-19 are unknown and
can only be speculated on. Potential reasons for the increase include changes in labor and
delivery unit policies, including visitor limitations, in order to reduce SARS-CoV-2 infection
risk to patients and staff and/or parental concern for iatrogenic acquisition of COVID-19.
Prior to the pandemic, our nursery postnatal LOS had already been decreasing. The reasons
for this are multifactorial and have accompanied an increase in patient volumes. This may
have led to changes in staff practice habits and families being aware that early discharge
is possible. Three months prior to the pandemic, our institutional management of infants
with suspected sepsis was updated to align with the AAP’s 2018 recommendations [28].
This was likely another contributing factor.

Social disadvantage and healthcare inequities disproportionately affect minorities [29].
Identifying and addressing such inequities is imperative. In the U.S. studies of changes in
LOS during the pandemic, 43% to 61% of women were White [22–24]. In our study, almost
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two-thirds of infants were White. Additional studies involving a more diverse population
are needed to assess any differences among ethnic groups, especially in larger metropolitan
areas. Globally, studies in low-income countries, where infant and maternal mortality may
be higher, are needed. In the 2021 Cochrane Review of early postnatal discharge, none of
the evidence came from low-income countries [17].

5. Conclusions

Since the start of the COVID-19 pandemic, the number of newborns discharging early
at 24 h or less has significantly increased without an increase in readmissions. In addition,
overall postnatal length of stay has decreased. Potential explanations for these observations
include changes in hospital and unit policies including visitor and labor support restrictions
and parental concern about iatrogenic acquisition of COVID-19. In addition to rehospital-
ization, more trials exploring expanded outcomes including unplanned healthcare visits,
breastfeeding rates, caregiver wellbeing, and timeliness of follow-up are needed.
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