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Abstract

Background: Preterm newborns may be discharged when 
clinical conditions are stable. Several criteria for early dis-
charge have been proposed in the literature. This study 
carried out the first quantitative comparison of their 
impact in terms of hospitalization savings, safety and 
costs.
Methods: This study was based on the clinical histories 
of 213 premature infants born in the Neonatal Intensive 
Care Unit of Padova University Hospital between 2013 and 
2014. Seventeen early discharge criteria were drawn from 
the literature and retrospectively applied to these data, 
and computation of hospitalization savings, safety and 
costs implied by each criterion was carried out.
Results: Among the criteria considered, average gains 
ranged from 1.1 to 10.3 hospital days and between 0.3 and 
1.1 fewer infections per discharged infant. Criteria that led 
to saving more hospital days had higher cost-effectiveness 
in terms of crisis and infection, and they spared infants 
from more infections. However, episodes of apnea and 
bradycardia were detected after the potential early dis-
charge date for all criteria, with a mean number of epi-
sodes numbering between 0.3 and 1.4.

Conclusion: The results highlight a clear trade-off between 
days saved and health risks for infants, with potential con-
sequences for health care costs.

Keywords: cost-effectiveness; criteria for discharge; early 
discharge infants; safety.

Introduction
Early discharge programs were introduced in most neo-
natal intensive care units (NICUs) worldwide to reduce 
the hospital length of stay for preterm infants [1]. Leaving 
economic considerations aside, discharging patients as 
soon as possible or transferring them to lower levels of 
care while still hospitalized could decrease risks related 
to hospitalization and hospital-acquired infections, and 
could be beneficial for infants’ development and for the 
family’s psychological and emotional condition.

Preterm newborns may be discharged when stabiliza-
tion of clinical conditions and maturity of physiological 
functions have been gained. Specifically, an early dis-
charge is aimed at reducing the negative effects of hos-
pitalization. As NICU stays often represent a stressful 
– almost traumatic – period, reducing them may improve 
outcomes for both the baby and the parents. However, 
the definition of common criteria for early discharge that 
would not result in increased risk for neonates’ health is 
far from settled. Indeed, no consensus on parameters such 
as weight and gestational age at discharge has yet been 
reached [2], and many criteria coexist in the literature.

One reason for such an ambiguity is the lack of a quan-
titative comparison for each criterion outcome in terms 
of cost savings, on the one hand, and risks for infants’ 
health, on the other hand.

This work aims at filling this gap in the literature by 
providing an empirical assessment of the impact of the 
application of several early discharge criteria proposed 
in the literature in terms of hospitalization savings, safety 
and costs, via a retrospective analysis of patients admit-
ted to the NICU of the Padova University Hospital and a 
simulation on the potential incidence of adverse events 
and costs.
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Materials and methods
Study design

All patients admitted into the NICU of Padova University Hospital 
between 1st January 2013 and 30th June 2014  were included in the 
analysis. Criteria for inclusion and exclusion from the study, as well 
as resulting sample size, are reported in Figure 1. Hospitalization 
history has been reconstructed on a day-by-day basis using medical 
records for each patient. Patients could be discharged from Padova’s 
NICU if their weight was above 1800 g, they had a gestational age of 
at least 36 gestational weeks (GWs), they did not experience apnea 
or bradycardia for at least 5 days and they were fully fed with a baby 
bottle. Selected discharge criteria taken from the literature and dis-
cussed below have been retrospectively applied to each patient’s his-
tory, creating a simulated what-if scenario in correspondence to each 
discharge criterion.

Discharge criteria

Seventeen criteria [2–18] for early discharge of premature infants 
proposed in the literature have been considered in this paper. All 
criteria were based on the following parameters: weight, gestational 
age, feeding, temperature and clinical conditions. No considered cri-
terion included “parental involvement” as a parameter to determine 
early discharge, as this information was not available in the medi-
cal records of the Padova University Hospital’s NICU. Criteria and 
parameters are listed in Table 1.

Among the 17 criteria, 2 were considered only for an initial anal-
ysis and excluded from the subsequent analyses, as they involve full 
feeding at the breast as a condition for early discharge. Breastfeeding 
was uncommon in Padova University Hospital’s NICU, and discharge 
was usually allowed even at the earlier development stage of feeding 
via a baby bottle. In this NICU, parents’ visits were permitted for only 
a few hours a day due to space constraints. Hence, although mothers 
could occasionally feed their child at the breast, breastfeeding was 
not a regular practice and it was not considered among the discharge 
criteria. At discharge, 100% of babies were fed by a baby bottle.

Variables definition and data collection

Following the definition provided by the World Health Organization 
(WHO) [19], in this study babies were considered premature if they were 
born before the 37th GW; in particular, they were considered extremely 
preterm if they were born before 28 GWs, very preterm between 28 and 
32 GWs, and moderate and late preterm above 32 GWs.

An infant was defined as normo-thermic if her/his temperature 
was between 36.5°C and 37.4°C for more than 24 h [20]. An episode of 
infection was defined in correspondence with the beginning of any 
antibiotic therapy. On any given day, babies were considered to expe-
rience bradycardia if at least one episode of less than 100 beats per 
minute was recorded. Similarly, apnea was defined as the presence 
of either a respiratory break of at least 20 s or an  episode of desatura-
tion (oxygen saturation below 85%). However, no  information about 
the severity or duration of the episodes of apnea or bradycardia were 
available in the data, neither was  information about whether apneas 
resolved spontaneously or required stimulation by nurses. Therefore, 
we considered this information only a categorical variable. Conse-
quently, a crisis on any given day was defined as the experience of 
apnea, bradycardia or both.

Basic demographic information (sex, gestational age at birth, 
cause of birth, maternal disease, twin, relocated, follow-up days) 
were collected, together with a daily diary with data on health sta-
tus (presence/absence of bradycardia, apnea, desaturation, tem-
perature, blood pressure, ventilation type, drugs, infusion, weight, 
nutrition type). Data were collected via REDCap [21]. Permission to 
collect the data was granted by the central administration of Padova 
University Hospital. Informed consent was not applicable because it 
was granted under the general agreement of the health care system.

Statistical methods

Basic exploratory data analysis was performed on the sample and 
reported using median and I, III quartiles for continuous variables, 
and percentages (absolute numbers) for categorical variables. Chi-
square (χ2) tests or Wilcoxon signed rank tests were used to evaluate 
the significance of differences in factor distributions across prema-
turity classes.

For each criterion, the number of hospital days saved was com-
puted as the difference between the date at which babies would have 
been eligible for early discharge and their actual discharge date. The 
average number of days saved, the number and the percentage of 
babies that would have been eligible for early discharge were esti-
mated, together with their 95% confidence intervals (CIs).

For each criterion, the probability of observing an infection, 
apnea, bradycardia or both were computed as the percentage of 
discharged children that presented at least one event in the period 
between the hypothetical early discharge date and the observed one. 
The mean number of apnea, bradycardia and crisis events per child 
were estimated using zero-inflated Poisson models [22], and their 
95% CIs were estimated by 1000 bootstrap samples.

Finally, a cost-effectiveness analysis was carried out using 
American [23] and European [24] data to compute for each criterion 
the cost needed to reduce the observed number of crises by one unit. 
Cost distribution was estimated using micro simulations, and corre-
sponding credibility intervals at the 95% level are presented. Analy-
ses were conducted using the R system [25] with root mean squares 
(RMS) [26], bootstrap [27] and pscl [28] libraries.

491 patients in NICU
from 01.01.13 to

30.06.13

21 deaths

Final sample
231 newborns

– 35 for other concurring pathologies
– 104 relocated to other hospitals
– 118 born after 37 gesational week

4710 alive

257 excluded from the sample:

Figure 1: Sample selection criteria. NICU, neonatal intensive care unit.
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Results
Overall, 234 children were enrolled in the study. Twenty 
subjects died within the first week after birth from pathol-
ogies that had compromised survival since birth. In one 
case, death occurred 2  months after birth, when the 
neonate reached the 37th GW; the death was due to a res-
piratory virus. For none of the criteria considered was this 
child dismissible before contracting the virus. The final 
sample was composed of 213 subjects. Characteristics of 
the sample are reported in Table 2.

Fifteen percent of the sample was born before the 
28th GW, 31.5% between the 28th and the 32nd GW and the 

remaining 53.5% after the 32nd GW. The average gestational 
age at birth was 32  weeks, and the average birth weight 
was 1605 g. More than half of the subjects were allowed to 
quit the NICU; such relocation can take place in Padova 
University Hospital only if the baby reached the 34th GW 
and 1500 g.

Days saved and infections

Table 3 and Figure 2 show that all but two criteria [3, 12] 
would have led to a significant and positive decrease in 
hospitalization days, with average gains ranging from 

Table 2: Main characteristics of the sample. Data are presented as percentages (absolute numbers) or I quartile/median/III quartile 
respectively for categorical or continuous variables. P-value refers to overall differences test according to gestational age at delivery.

Characteristics   Combined  
(n = 213)

  Extremely 
preterm (n = 33)

  Very preterm 
(n = 67)

  Moderate and late 
preterm (n = 113)

  P-value

Male (n)   57% (122)   52% (17)   51% (34)   63% (71)   0.219
Twins (n)   36% (77)   36% (12)   37% (25)   35% (40)   0.967
Gestational age, weeks   29/32/33   24/26/27   29/30/31   32/33/34   <0.001
Follow-up days   11/28/53   63/92/123   34/42/59   6/11/18   <0.001
Weight, g   1135/1605/2041   545/720/890   1092/1290/1505   1767/2010/2351   <0.001
Weight at discharge, g   2015/2205/2466   2165/2400/2822   2010/2300/2470   2015/2150/2440   0.317
Relocated at neonatal unit (n)   59% (125)   24% (8)   49% (33)   74% (84)   <0.001
Mean number of infections per infant  0/0/1   1/3/4   0/1/1   0/0/0   <0.001
Mean number of apneas per infant   0/1.0/5.0   9.0/10.0/12.0   2.0/4.0/6.5   0.0/0.0/1.0   <0.001
Mean bradycardia per infant   0/2/5   6/9/10   2/4/6   0/0/1   <0.001
Mean crisis per infant   1/2/6   9/10/12   3/5/6   0/1/1   <0.001
Number of days of infection   0/0/1   11/17/32   0/1/14   0/0/0   <0.001

Table 3: Potential saving in terms of hospitalizations and burden of infections as simulated by the retrospective application of each 
criterion.

Discharge criterion   No. of  
discharged  

infant

  % discharged  
infant (95% CI)

  Mean days  
saved per  

early-discharged 
infant (95% CI)

  Probability  
of infection  

(95% CI)

  Overall number  
of infections  

days (95% CI)

  Mean number  
of infections 
per children 

(95% CI)

Dillard and Korones (1973) [9]   90  42.2 (35.6; 48.8)  3.8 (2.8; 4.8)  2.2 (0; 5.2)  31 (0; 78)  0.3 (0; 0.8)
Derbyshire et al. (1982) [8]   100  46.9 (40.2; 53.6)  4.5 (3.3; 5.7)  11.0 (4.8; 17.1)  66 (26; 118)  0.6 (0.2; 1.2)
Brooten et al. (1986) [5]   88  41.3 (34.7; 47.9)  3.9 (2.7; 5.0)  9.1 (3.2; 15.1)  46 (13; 95)  0.5 (0.1; 1.0)
Schmidt and Levine (1990) [16]   51  23.9 (18.2; 29.7)  1.6 (0.3; 2.2)  9.8 (1.6; 18.0)  34 (5, 78)  0.7 (0.1; 1.5)
Casiro et al. (1993) [6]   82  38.5 (31.9; 45.0)  3.2 (2.3; 4.1)  6.1 (0.9; 11.2)  36 (6; 79)  0.4 (0.1; 0.9)
Kotagal et al. (1995) [11]   77  36.1 (29.7; 42.6)  3.0 (2.1; 4.0)  9.1 (2.7; 15.5)  41 (11; 83)  0.5 (0.1; 1.1)
Rawlings and Scott (1996) [15]   49  23.0 (17.3; 28.6)  2.2 (1.4; 3.0)  6.1 (0; 12.8)  22 (0; 58)  0.4 (0; 1.7)
Evanochko et al. (1996) [10]   100  46.9 (40.2; 53.6)  8.3 (6.5; 10.2)  16.0 (8.8; 23.1)  105 (56; 175)  1.0 (0.5; 1.7)
Merrit (2003) [13]   85  39.9 (33.3; 46.4)  3.4 (2.4; 4.4)  9.4 (3.2; 15.6)  44 (13; 9)  0.5 (0.1; 1.0)
Vecchi (1996) [18]   108  50.7 (43.9; 57.4)  5.8 (4.6; 6.9)  12.0 (5.9; 18.1)  88 (39; 153)  0.8 (0.3; 1.4)
Cruz et al. (1996) [7]   28  13.1 (8.6; 17.7)  1.1 (0.4; 1.7)  3.6 (0; 10.4)  15 (0; 45)  0.5 (0.0; 1.6)
Ortenstrand et al. (1999) [14]   128  60.0 (53.5; 66.6)  10.3 (8.3; 12.3)  11.7 (6.1; 17.2)  122 (59; 206)  0.9 (0.4; 1.6)
Sellers and Davidson (2000) [17]   89  41.7 (35.1; 48.4)  7.1 (5.5; 8.0)  16.8 (9.0; 24.6)  101.0 (48.0; 169.0)  1.1 (0.5; 1.8)
Lian et al. (2008) [2]   54  25.3 (19.5; 31.1)  2.4 (1.6; 3.2)  1.9 (0; 5.4)  15.0 (0; 60)  0.2 (0; 1.1)
Bathie and Shaw (2013) [4]   88  41.3 (34.7; 47.9)  7.0 (5.4; 8.6)  12.5 (5.6; 19.4)  84.0 (35.9; 146.0)  0.9 (0.4; 1.6)

CI, confidence interval.
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1.1 to 10.3 days saved. Depending on the criterion consid-
ered, from 13.1% to 60.0% of infants would have been eli-
gible for early discharge.

Assuming that hospital-acquired infections are the only 
ones that infants would develop in the absence of infusion 
or central access and mechanical ventilation, we examined 
whether early discharge can spare children from infectious 
episodes. Table 3 also presents the percentage, for each cri-
terion, of early-discharged infants that would have experi-
enced an infection after the early discharge threshold. Four 
criteria would lead to a positive but no significant increase 
in the percentage of babies getting an infection, while 
for the others the probability of getting an infection was 
between 6.1% and 16.8%. The total number of infection days 
recorded ranged from 36 to 122, implying a mean number of 
infection days per child between 0.4 and 1.1.

Apnea, bradycardia and crisis

Table 4 reports the percentage of early discharged infants 
that experienced an apnea (or an episode of desatura-
tion), episodes of bradycardia and crisis after the early 
discharge day.

For all criteria, infants experienced at last one apnea 
episode between the hypothetical and actual discharge. 
The percentage of infants with apnea varied from 9.8% 
to 33.0%, and the number of apneas from eight to 129. 

The mean number of apneas per discharged child ranged 
between 0.3 and 1.2.

The percentage of children with bradycardia varied 
from 7.4% to 34.0%, and the number of bradycardia epi-
sodes between eight and 113. Hence, we computed a mean 
number of bradycardia episodes per child between 0.3 
and 1.0.

Overall, children experiencing a crisis ranged from 
11.8% to 37.1%, depending on the criteria considered, and 
the number of crisis varied between 17 and 156. Hence, the 
mean number of crisis episodes per child ranged between 
0.3 and 1.4.

Economic impact analysis

The choice of the criteria used for early discharge of 
the child is not irrelevant from the point of view of its 
economic implications. As a proof-of-concept, a simple 
cost analysis exercise showed that the costs necessary 
to avoid one crisis (thus not discharging the child) were 
estimated to range between €23,790 and €52,953 ($36,733 
and $81,271 with respect to US standards), depending on 
the chosen criterion (Table 5). On the other hand, the 
savings associated with one avoided infection were esti-
mated to vary between €26,565 and €51,719 ($40,428 and 
$79,057).
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Figure 2: Box plot representing hospitalization days saved, by criterion.
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Discussion

Days saved

According to the considered criteria, at least one infant 
could have been discharged earlier or could have avoided 
relocation, except for criteria that included breastfeeding 
as a parameter for early discharge.

Parameters established by four criteria [8, 10, 14, 18] 
would have granted early discharge to more than 100 
infants. According to four studies, more than a week of 
hospital days could have been saved [4]. All these studies 
had a common feature: the discharge with nasogastric 
tube (NGT) feeding was allowed, as full feeding via a baby 
bottle or at the breast was not required as a condition for 
early discharge. Successful home NGT feeding is, however, 
possible only if parents are competent, confident, commit-
ted and supported enough. For this to be possible, parents 
should be involved with NGT feeding early on, during their 
child’s hospital stay. Nevertheless, NGT feeding at home is 
perceived as a heavy burden for some families, especially 
because of the possibility of complications related to tube 
feeding [29]. Support in the community once discharged 
would also be required in this case [10, 30, 31], with poten-
tial increments in cost.

In our study, the criteria that would save the least 
number of days and to discharge the smallest fraction of 
children were those proposed by Cruz et  al. [7], Schmidt 
and Levine [16] and by Lian et  al. [2]. This happened 
because both criteria required weight limits similar to the 
ones adopted in Padova University Hospital (1800 g).

Safety

As our study showed, at least one baby developed an 
infection within the early and actual discharge dates for 
all but three of the criteria considered. A strong associa-
tion between days saved and infections saved has been 
found: the earlier the discharge (i.e. the higher the number 
of days saved), the higher the likelihood of not developing 
a hospital-acquired infection [4].

Results of this study showed that at least one baby 
developed a crisis between hypothetical and actual dis-
charge dates and that the likelihood of a crisis was higher 
the earlier the baby was discharged, for each criterion 
considered. Hence, early discharge could have potential 
negative consequences for infants’ health in terms of 
death or rehospitalization. Therefore, these results high-
lighted a clear trade-off between saving hospital days and Ta
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protecting infants from hospital-acquired infections on 
the one hand, and the risk of developing crises at home 
on the other hand. Nevertheless, these aspects have not 
been stressed in the studies that proposed the criteria we 
have analyzed.

Economic evaluation

The analysis of the costs to be sustained to avoid one crisis 
suggested a wide heterogeneity across criteria using both 
European and US standards. The ordering of criteria in 
terms of cost-efficacy was qualitatively similar to the one 
in terms of days saved and number of infections. Criteria 
that saved more hospitalization days were also the ones 
according to which it would be less costly to avoid one 
more crisis. Similarly, these criteria were also the ones 
according to which hospitalization costs to reduce infec-
tions were lower. The overall message, however, remains 
that the adoption of one instead of another criterion has 
potential economic implications. This perspective could 
also be considered in planning future studies on the topic.

Study limitations

This study has several limitations. First, because only a 
yes/no indicator for the incidence of crisis is available 
in our data, this study cannot assess the severity of the 
health crisis detected in the period after the hypothetical 
early discharge date. On the one hand, no new pharmaco-
logical therapy is recorded after these crises. On the other 
hand, the data collected do not allow discerning if the 
crisis resolved spontaneously or if stimulation of infants 
by nurses was needed. In this latter case, the study would 
suggest a reconsideration of the health risks connected 
with early discharge. Another potential explanation for 
this new finding is that parents involved in other studies 
could not detect a crisis because they did not have the 
instruments to measure it.

The second limitation is related to the bias derived 
from the important presence of moderate and late preterm 
infants in the study population (53%). These neonates 
were also the larger ones. Therefore, some of the large 
effects reported could be related to an excessive delay in 
discharging ‘larger’ preterm infants (moderate and late 
preterm ones). Performing a subgroup analyses by gesta-
tional age would be helpful in addressing this topic, but 
the sample size of the study does not allow this type of 
analysis. To overcome these issues, a more contemporary 
prospective study would be the best next step, in order to 
increase the clinical evidence related to such an approach.

Furthermore, as a future perspective, a follow-up 
randomized control-trial study assigning infants to differ-
ent criteria and carefully monitoring health outcomes at 
home after early discharge would provide clear answers 
in this sense.

Conclusion
Early discharge of premature infants is a complex deci-
sion in pediatric medicine and nursing, and no con-
sensus about common criteria in this sense has been 
reached. One reason for this uncertainty is surely the 
lack of information about the potential health-related 
benefits and cost savings related to different criteria. 
Indeed, prior to this study, no other quantitative bench-
marking exercise was carried out to provide guidelines 
in this sense.

Results of this study allow the identification of more 
permissive and more conservative criteria, and highlight 
a clear trade-off between days saved and health risks for 
infants. Moreover, this study shows that more permis-
sive criteria are also the more cost-effective ones in terms 
of costs to be sustained to decrease crisis and infection 
risks.

The first finding is particularly interesting and calls 
for further investigation, as no previous study detected 
health risks connected with early discharge. Overall, this 
quantitative evaluation provides a first step to develop 
new criteria for early discharge that will aim at balancing 
the trade-off discussed, with potential benefits in terms of 
both healthcare spending and infants’ health.
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