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ABSTRACT
Objectives  To evaluate the effect of delivery hospital 
busyness on the postnatal condition and the perinatal 
mortality among small preterm infants born at ≤32+0 
gestational weeks.
Design  The daily delivery volume distribution is defined 
as lowest 10% (‘quiet’) and highest 10% (‘busy’) delivery-
volume days, and days between (80%) as optimal delivery-
volume days. We analysed differences in the incidence of 
selected adverse outcomes between quiet and busy days 
compared with optimal delivery-volume days by logistic 
regression followed by crude (ORs) and adjusted ORs 
(aORs) with 99% CIs.
Setting  A population-based cohort study based on 
prospectively collected real-world data from five university 
hospitals and 21 non-tertiary-level delivery hospitals in 
Finland, 2006‒2016.
Participants  4323 small preterm infants.
Primary outcome measures  Umbilical cord pH ≤7.05, 
Apgar score 0–3 points at the age of 1 min, Apgar score 
0–3 points at age 5 min, birth asphyxia (International 
Classification of Diseases-10 code), resuscitation with 
intubation.
Secondary outcome measures  Perinatal mortality 
comprising stillbirths and early neonatal deaths (<7 days).
Results  Busy days (busy vs optimal) showed no 
correlation with the primary birth-related outcomes. 
However, in the university hospitals, quiet days were 
associated with 80% lower odds of asphyxia (aOR 0.20, 
99% CI 0.08 to 0.48) and 47% lower odds of resuscitation 
(aOR 0.53, 99% CI 0.39 to 0.72) compared with their 
incidence on optimal days.
In university hospitals, the odds of early neonatal mortality 
among small preterm infants on busy days were twofold 
(aOR 2.08, 99% CI 1.26 to 3.45) than on optimal days. In 
the non-tertiary hospitals, however, this difference was 
statistically non-significant (aOR 0.68, 99% CI 0.19 to 
2.45).
Conclusions  In the tertiary university delivery hospitals, 
busyness was associated with a twofold increase in early 
neonatal mortality among small preterm infants, whereas 
infants’ condition at birth on busy days was comparable 
to their condition on optimal days. Neonatal capacity 
in tertiary units during busy days may be critical under 
stress.

INTRODUCTION
Preterm birth is one of the leading causes 
of severe perinatal morbidity and mortality 
worldwide.1 The WHO has categorised 
preterm birth as extremely preterm (<28+0 
weeks), very preterm (28+0–31+6 weeks) 
and moderate or late preterm (32+0–36+6 
weeks).2 The highest risk of antepartum 
death, stillbirth and early neonatal death 
occurs, among very or extremely preterm 
infants, in whose their earlier gestational 
age and low birth weight causes increased 
severe morbidity or mortality.3 Antepartum 
mortality may be associated with maternal 
pregnancy complications or infection leading 
to fetal asphyxia and/or infection, placental 
dysfunction or fetal abnormalities or severe 
haemorrhage.4 5

Preterm deliveries begin spontaneously 
with contractions, with the rupture of amni-
otic membranes or due to some medical 
indication. Labour induction or caesarean 
section may be necessary, based on the condi-
tion of either fetus or mother.6 Delivery 
hospital practices play a major role in 
preventing early neonatal mortality.7 Small 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The methodology of this study setting was validated 
in previous studies on term pregnancies.

	⇒ Medical Birth Register data were completed with 
Population Register data from the Finnish Digital 
and Population Data Service Agency (live births), 
and cause-of-death data from Statistics Finland 
(stillbirths and small preterm deaths).

	⇒ The number of daily deliveries served as the best 
proxy for the busyness but did not take into account 
the casemix differences and upward transfers from 
secondary to tertiary-level university hospitals.

	⇒ Exposure, defined here as ‘busyness’, was estimat-
ed on a daily basis and may have varied over the 
length of a day.
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preterm infants make up one of the most vulnerable 
patient groups with their need for special high-level 
care8; quality-improvement targets are essential to reduce 
child mortality.6 9 Obstetric care has clear implications for 
perinatal outcome, but quality indicators may vary, with 
consensus as to the best possible indicators being rare.10

In addition to quality indicators, the delivery hospital’s 
busy days, once categorised, can provide novel indicators 
of obstetric care quality. Therefore, defined busyness 
indicate as a quality indicator of weaknesses in processes 
leading to worsening outcomes of term infants.11 Busy-
ness in obstetrics, resulting from suddenly increasing daily 
patient flow, is in part unavoidable; labour moves into 
its active stage on its own individual schedule. However, 
busyness in delivery hospitals may also challenge neonatal 
service capacity12 altering the processes13 or outcomes 
of obstetric and neonatal care.14 Still, the association of 
busyness in delivery hospitals with premature births is the 
unstudied topic.

Our aim was to study the effect of delivery hospitals’ 
daily delivery volume, defined as quiet, optimal or busy 
days, on the quality of obstetric care defined as selected 
adverse outcomes of small preterm infants with gesta-
tional weeks ≤32. Optimal busyness in delivery hospitals is 
difficult to assess and might well differ from unit to unit. 
In this study, the daily average was initially used as the 
optimal number of births. On quiet days (approx. 10% of 
days), the number of births was below the daily average, 
and on busy days (approx. 10% of days), at least twice the 
average. Hospitals were classified into categories based 
on their annual number of births and hospital profile. 
Therefore, lowest 10% and highest 10% allowed us to 
analyse hospital system’s capacity to keep the quality of 
care stable also during the busiest days, compared with 
optimal.12 13

METHOD
Finland is a Nordic country with 5.5 million inhabitants. 
In 2024, the annual delivery volume was approx. 43,700. 
Almost all women (99.4%) give birth in publicly funded 
delivery hospitals; private delivery hospital services 
are not available.15 The profile of the Finnish delivery 
hospital varies based on location and expertise level 
from the tertiary-level university hospitals to small local 
delivery hospitals with <1000 annual deliveries. Based 
on the legislation of the Health Care Act,16 deliveries at 
≤32+0 weeks gestational age—ones equalling beforehand 
estimated low birth weight (<1500 g)— are centralised in 
five university-level hospitals to achieve the best possible 
care. Due to long distances and unpredictable course of 
pregnancy, this is not always possible. Non-tertiary hospi-
tals also need to be able to deal with premature infants 
and have 24/7 readiness for emergency cases, including 
a neonatal surveillance unit with required equipment. A 
referral system is available between all delivery hospital 
levels with a well-functioning patient transfer system.17 18

This is a population-based cohort study, based on data 
from the Finnish Medical Birth Register (MBR), a manda-
tory national database including information on all live 
and stillbirths (from 22 gestational weeks or birth weight 
of 500 g). Data include information on maternal char-
acteristics, care during pregnancy and birth, and each 
newborn’s characteristics and outcomes. MBR data are 
owned and maintained by the Finnish Institute of Health 
and Welfare. MBR data have been collected since 1987 
and are highly respected for their coverage and reli-
ability.19 20 Study data were collected from 2006 to 2016 
and include information on 634 810 hospital deliveries. 
For this study, only singleton small preterm infant deliv-
eries were included at ≤32+0 weeks of gestational age, 
meaning exclusion of multiple pregnancies (n=9149, of 
which 806 were born at ≤32+0 weeks).

During the study period, the Finnish delivery hospital 
network consisted of 34 delivery hospitals, 8 of which had 
an annual delivery volume of fewer than 1000. Due to this 
low delivery volume, these hospitals were closed during 
the study period. The 24 414 deliveries occurring in these 
small hospitals comprised 25 premature singleton births. 
After this exclusion, the total for preterm infants born 
at ≤32+0 gestational weeks in the remaining 26 delivery 
hospitals was 4323.

Unfortunately, our data did not include the informa-
tion on patient transfers. The policy is to transfer most of 
the very low birthweight infants postnatally to university 
hospitals, but we are unable to analyse this in the current 
study.

Quality of care was assessed based on five selected 
adverse outcomes: umbilical cord arterial pH≤7.05 at the 
moment of birth (missing values 391, 9.0%), Apgar score 
0–3 points at 1 min (missing values 306, 7.1%), Apgar 
score 0‒3 points at 5 min (missing values 550, 12.7%), 
birth asphyxia (all asphyxia diagnoses based on cardio-
tocography, diagnoses or microsampled blood during 
labour and/or the International Classification of Diseases 
(ICD)-10 codes O68, P20 or P21 arterial and/or vein or 
umbilical artery blood pH<7.05), and all resuscitation 
performed when intubation was necessary. Perinatal 
deaths were explored separately for stillbirths (including 
deaths before or during delivery) and early neonatal 
mortality (0‒6 days).

To study the effect of daily delivery volume as an 
exposure of the present study, daily delivery volume 
was defined separately for each calendar day for each 
included (n=26) delivery hospital. A day was defined 
from midnight (00.00 am) to midnight (24.00 pm). As 
previously described,11 12 14 quiet days were determined 
by defining around 10% of days, when the daily delivery 
volume was lowest at delivery-hospital level. To define 
busy days by the same methods, daily delivery volume was 
defined as approximately 10% of the days when the daily 
delivery volume was highest at delivery-hospital level. 
Days in between were defined as optimal days (around 
80%), to reflect the period when daily delivery volume 
at delivery-hospital level was optimal for that hospital’s 
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Table 1  Background characteristics of 4323 small preterm infants with gestational weeks of ≤32+0 by delivery hospital 
categorisation on quiet, optimal and busy days

Background 
characteristics Categorisation

Hospital level in study 
setting Quiet day (n, %) Optimal day (n, %) Busy day (n, %) Total (n, %)

Delivery mode Vaginal delivery University hospital 204 1168 129 1501

41.3% 42.8% 36.9% 42.0%

Non-tertiary hospitals 56 409 56 521

73.7% 68.6% 75.7% 69.8%

Vacuum-assisted 
vaginal delivery

University hospital 0 15 4 19

0.0% 0.5% 1.1% 0.5%

Non-tertiary hospitals 1 1 0 2

1.3% 0.2% 0.0% 0.3%

Emergency
Caesarean section

University hospital 256 1311 178 1745

51.8% 48.0% 50.9% 48.8%

Non-tertiary hospitals 18 175 18 211

23.7% 29.3% 24.3% 28.2%

Elective
Caesarean section

University hospital 34 236 39 309

6.9% 8.6% 11.1% 8.6%

Non-tertiary hospitals 1 11 0 12

1.3% 1.8% 0.0% 1.6%

Birth weight ≤500 g University hospital 22 168 17 207

4.5% 6.2% 4.9% 5.8%

Non-tertiary hospitals 6 88 15 109

7.9% 14.9% 20.3% 14.7%

501–1500 g University hospital 347 1906 268 2521

70.4% 69.9% 76.6% 70.6%

Non-tertiary hospitals 50 329 38 417

65.8% 55.7% 51.4% 56.3%

>1500 g University hospital 124 654 65 843

25.2% 24.0% 18.6% 23.6%

Non-tertiary hospitals 20 174 21 215

26.3% 29.4% 28.4% 29.0%

Gestational 
weeks

≤28 University hospital 200 1069 147 1416

40.5% 39.1% 42.0% 39.6%

Non-tertiary hospitals 28 253 37 318

36.8% 42.4% 50.0% 42.6%

28+1–32+0 University hospital 294 1663 203 2160

59.5% 60.9% 58.0% 60.4%

Non-tertiary hospitals 48 344 37 429

63.2% 57.6% 50.0% 57.4%

Pre-eclampsia ICD-code O.14 University hospital 108 531 77 716

21.9% 19.4% 22.0% 20.0%

Non-tertiary hospitals 0 33 6 39

0.0% 5.5% 8.1% 5.2%

Gestational 
diabetes

GDM University hospital 42 171 23 236

8.5% 6.3% 6.6% 6.6%

Non-tertiary hospitals 3 26 2 31

3.9% 4.4% 2.7% 4.1%

Quiet day: Approximately 10% of days, with daily delivery volume lowest at delivery-hospital level.
Optimal day: Approximately 80% of days, between lowest-delivery and highest-delivery volume days at delivery-hospital level.
Busy day: Approximately 10% of days, with daily delivery volume highest at delivery-hospital level.
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Table 2  Selected outcomes in different level delivery hospitals and in total during quiet, optimal and busy days

Hospital category
n (%)

Selected neonatal adverse 
outcomes for study setting Parameters

Quiet days
n=570 (13.2 %)

Optimal days
n=3329 (77 %)

Busy days
n=424 (9.8)

Tertiary-level 
university hospitals
3 576 (82.7)

Arteria pH≤7.05 n (%) 13 (2.6) 74 (2.7) 7 (2.0)

cOR (CI 99%) 0.95 (0.43 to 2.10) Ref. 0.71 (0.21 to 2.24)

aOR (CI 99%) 0.93 (0.42 to 2.05) Ref. 0.67 (0.20 to 2.31)*

1 min Apgar score 0–3 n (%) 144 (29.1) 733 (26.8) 87 (24.9)

cOR (CI 99%) 1.12 (0.85 to 1.48) Ref. 0.90 (0.64 to 1.26)

aOR (CI 99%) 1.16 (0.86 to 1.55)* Ref. 0.87 (0.61 to 1.24)*

5 min Apgar score 0–3 n (%) 70 (14.2) 349 (12.8) 46 (13.1)

cOR (CI 99%) 1.00 (0.78 to 1.30) Ref. 1.16 (0.87 to 1.56)

aOR (CI 99%) 0.98 (0.75 to 1.27)* Ref. 1.09 (0.81 to 1.48)*

Asphyxia n (%) 9 (1.8) 221 (8.1) 32 (9.1)

cOR (CI 99%) 0.21 (0.09 to 0.51) Ref. 1.14 (0.69 to 1.91)

aOR (CI 99%) 0.20 (0.08 to 0.48)* Ref. 1.06 (0.62 to 1.79)*

Resuscitation n (%) 108 (21.9) 895 (32.8) 112 (32.0)

cOR (CI 99%) 0.57 (0.43 to 0.77) Ref. 0.97 (0.71 to 1.32)

aOR (CI 99%) 0.53 (0.39 to 0.72)* Ref. 0.93 (0.68 to 1.29)*

Still births n (%) 49 (9.9) 301 (11.0) 37 (10.6)

cOR (CI 99%) 0.89 (0.59 to 1.35) Ref. 0.95 (0.59 to 1.53)

aOR (CI 99%) 1.03 (0.62 to 1.70)* Ref. 1.18 (0.66 to 2.12)*

Early neonatal mortality in age 
of <7 days

n (%) 17 (3.4) 158 (5.8) 39 (11.1)

cOR (CI 99%) 0.58 (0.30 to 1.13) Ref. 2.04 (1.26 to 3.32)

aOR (CI 99%) 0.58 (0.30 to 1.15)* Ref. 2.08 (1.26 to 3.45)*

Non-tertiary 
hospitals
747 (17.3)

Arteria ph≤7.05 n (%) 3 (3.9) 17 (2.8) 0 (0)

cOR (CI 99%) 0.69 (0.12 to 3.85) Ref. 0.00

aOR (CI 99%) 0.63 (0.10 to 3.87)* Ref. 0.00*

1 min Apgar score 0–3 n (%) 30 (39.5) 276 (46.2) 38 (51.4)

cOR (CI 99%) 0.76 (0.40 to 1.44) Ref. 1.23 (0.65 to 2.32)

aOR (CI 99%) 0.69 (0.35 to 1.37)* Ref. 1.20 (0.60 to 2.40)*

5 min Apgar score 0–3 n (%) 23 (30.3) 187 (31.3) 25 (33.8)

cOR (CI 99%) 1.13 (0.53 to 2.41) Ref. 0.84 (0.37 to 1.92)

aOR (CI 99%) 1.15 (0.51 to 2.59)* Ref. 0.98 (0.40 to 2.39)*

Asphyxia n (%) 4 (5.3) 20 (3.4) 1 (1.4)

cOR (CI 99%) 1.60 (0.38 to 6.81) Ref 0.40 (0.03 to 5.64)

aOR (CI 99%) 1.36 (0.28 to 6.63)* Ref. 0.55 (0.04 to 8.28)*

Resuscitation n (%) 14 (18.4) 77 (12.9) 8 (10.8)

cOR (CI 99%) 1.52 (0.67 to 3.48) Ref. 0.82 (0.30 to 2.26)

aOR (CI 99%) 1.54 (0.63 to 3.77)* Ref. 1.04 (0.35 to 3.03)*

Still births n (%) 33 (43.4) 275 (46.1) 36 (48.6)

cOR (CI 99%) 0.90 (0.48 to 1.69) Ref. 1.11 (0.59 to 2.09)

aOR (CI 99%) 0.75 (0.35 to 1.63)* Ref. 0.86 (0.38 to 1.96)*

Early neonatal mortality in age 
of <7 days

n (%) 8 (10.5) 51 (8.5) 5 (6.8)

cOR (CI 99%) 1.26 (0.45 to 3.54) Ref. 0.78 (0.22 to 2.71)

aOR (CI 99%) 1.34 (0.46 to 3.93)* Ref. 0.68 (0.19 to 2.45)*

Total 4323 (100) Arteria ph≤7.05 n (%) 16 (2.8) 91 (2.7) 7 (1.7)

cOR (CI 99%) 0.93 (0.46 to 1.90) Ref. 0.56 (0.17 to 1.83)

aOR (CI 99%) 0.91 (0.44 to 1.85)* Ref. 0.54 (0.16 to 1.77)*

Continued
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capacity. This approach was supported by our earlier 
publication.12 Delivery hospitals numbered five univer-
sity hospitals and 21 non-tertiary-level delivery hospitals. 
The adverse outcomes of small preterm infants occur-
ring on quiet and busy days were compared with adverse 
outcomes of those born on optimal days.

The prevalence of newborn and maternal demo-
graphics, as well as obstetric characteristics, is reported by 
daily delivery volume (quiet, optimal and busy days) and 
hospital categories (university hospitals and non-tertiary 
hospitals). Logistic regression with crude (ORs) and 
adjusted ORs (aOR) with 99% CIs to consider casemix, 
allowed study of the association between small preterm 
infants’ adverse outcomes and daily delivery volume 
defined as quiet, optimal or busy. Optimal days served as 
the reference category, with comparisons made between 
quiet versus optimal and busy versus optimal days. Anal-
yses covered the total population and were conducted 
separately for the two hospital categories.

Covariate selection was made based on previous liter-
ature and chosen as delivery mode (vaginal, vacuum-
assisted, caesarean section and elective caesarean 
section), birth weight (≤500 g, 501–1500 g and ≥1501 g), 
gestational weeks (≤28+0, 28+1–32+0), pre-eclampsia and 
gestational diabetes (identified based on ICD-10 codes 
O24.4 and O24.9).

All analyses were conducted using the Statistical 
Package for Social Sciences V.29.

Patient and public involvement
Neither patients nor the public were directly involved 
with this study in any way. Study participants were not 
contacted at any stage of this population-based cohort 
study. All of the data used were pseudonymised.

RESULTS
Quiet, optimal and busy days in delivery hospitals
In university hospitals, 494 (13.8%) deliveries occurred 
on quiet, 2732 (76.4%) on optimal and 424 (9.8%) on 
busy days. In non-tertiary hospitals, deliveries numbered 
a respective 76 (10.2%), 597 (79.9%) and 74 (9.9%) 
(table 1). The occurrence of these characteristics did not 
statistically vary between quiet, optimal and busy days in 
the whole cohort, in university hospitals, or in other non-
tertiary hospitals.

When comparing the differences in incidences of 
adverse outcomes by daily delivery volume in both hospital 
categories, university hospitals and non-tertiary hospi-
tals, differences were detectable. In university hospitals, 
incidence of asphyxia was positively associated with daily 
delivery volume, although non-significantly. Incidences 

Hospital category
n (%)

Selected neonatal adverse 
outcomes for study setting Parameters

Quiet days
n=570 (13.2 %)

Optimal days
n=3329 (77 %)

Busy days
n=424 (9.8)

1 min Apgar score 0–3 n (%) 174 (30.5) 1009 (30.3) 125 (29.5)

cOR (CI 99%) 1.01 (0.78 to 1.30) Ref. 0.96 (0.72 to 1.29)

aOR (CI 99%) 1.06 (0.81 to 1.38)* Ref. 0.93 (0.68 to 1.26)*

5 min Apgar score 0–3 n (%) 93 (16.3) 536 (16.1) 71 (16.7)

cOR (CI 99%) 1.06 (0.83 to 1.35) Ref. 1.12 (0.85 to 1.47)

aOR (CI 99%) 1.01 (0.79 to 1.29)* Ref. 1.07 (0.81 to 1.42)*

Asphyxia n (%) 13 (2.3) 241 (7.2) 33 (7.8)

cOR (CI 99%) 0.30 (0.14 to 0.63) Ref. 1.08 (0.66 to 1.78)

aOR (CI 99%) 0.28 (0.13 to 0.59)* Ref. 1.03 (0.62 to 1.72)*

Resuscitation n (%) 122 (21.4) 972 (29.2) 120 (28.3)

cOR (CI 99%) 0.66 (0.50 to 0.87) Ref. 0.96 (0.71 to 1.29)

aOR (CI 99%) 0.60 (0.45 to 0.80)* Ref. 0.88 (0.64 to 1.19)*

Still births n (%) 82 (14.4) 576 (17.3) 73 (17.2)

cOR (CI 99%) 0.80 (0.58 to 1.12) Ref. 0.99 (0.70 to 1.41)

aOR (CI 99%) 0.93 (0.63 to 1.38)* Ref. 1.08 (0.69 to 1.69)*

Early neonatal mortality in age 
of <7 days

n (%) 25 (4.4) 209 (6.3) 44 (10.4)

cOR (CI 99%) 0.68 (0.39 to 1.20) Ref. 1.73 (1.10 to 2.71)

aOR (CI 99%) 0.70 (0.40 to 1.24)* Ref. 1.70 (1.07 to 2.70)*

Quiet day: Approximately 10% of days, with daily delivery volume lowest at delivery hospital level.
Optimal day: Approximately 80% of days, between lowest-delivery and highest-delivery volume days.
Busy day: Approximately 10% of days, with daily delivery volume highest at delivery hospital level.
Bolded text in the table indicates very highly significant values (P-value ≤ 0.001).
* indicates aOR values in the table.
aOR, adjusted OR; cOR, crude OR.

Table 2  Continued
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of asphyxia were 1.8%, 8.1% and 9.1% during quiet, 
optimal and busy days. Based on these figures, it seems 
obvious that busyness in university hospitals was associ-
ated with increased cases of asphyxia in preterm infants. 
In non-tertiary hospitals, the effect was the reverse, with 
lower incidence of asphyxia associated with busyness: 
5.3%, 3.4% and 1.4%, during quiet, optimal and busy 
days. An association was also noticeable in university 
hospitals for resuscitation of preterm newborns: 21.9%, 
32.8% and 32.0% during quiet, optimal and busy days. 
In contrast, in non-tertiary delivery hospitals, the propor-
tions of resuscitation were lower on busy days, 18.4%, 
12.9% and 10.8%, during quiet, optimal and busy days 
(table 2).

In the university hospitals, the odds of early neonatal 
mortality were twofold (aOR 2.08, 99% CI 1.26 to 3.45) 
on busy when compared with optimal days. In addition, in 
the university hospitals, quiet days compared with optimal 
days were associated with 80% (aOR 0.20, 99% CI 0.08 to 
0.48) and 47% (aOR 0.53, 99% CI 0.39 to 0.72) decreased 
odds of asphyxia and resuscitation, respectively. For non-
tertiary hospitals, comparable results were non-significant 
(table 2, figure 1).

DISCUSSION
Birth on a busy day in the Finnish university hospitals was 
associated with a significantly higher perinatal mortality in 
small preterm infants than occurred on optimal or quiet 
days. The increased risk was doubled and related not to 
varying stillbirth rate, but to increased early neonatal 
mortality. Interestingly, the early postnatal condition of 
small preterm infants did not differ by daily variation in 
delivery hospitals busyness, suggesting that the outcome 
difference was related to differences in neonatal care 
rather than in differences in obstetric care. Quiet days 
in the university hospitals resulted less frequently than 
did optimal days in newborn asphyxia and resuscitation, 
with a decrease in perinatal mortality remaining non-
significant. In the non-tertiary hospitals, differences in 
small preterm outcomes between quiet, optimal and busy 
days were non-significant, but interestingly, these trends 
were the opposite from those in university hospitals.

The present observational study showed a significant 
association between busyness and early neonatal mortality 
for small preterm infants in tertiary-level university hospi-
tals but not in non-tertiary hospitals. These findings 
emerged, however, only from real-world data, because no 
deliveries and newborns can be exposed to busyness in 
randomised studies. On the busy days in the university 
hospitals, the condition of small preterm infants at birth 
was equal to their condition on optimal days, but still, the 
number of early neonatal deaths doubled. This suggests 
that busyness in a tertiary university hospital challenges 
neonatal services, a situation probably leading to the full 
capacity also being in use in the neonatal unit. That quiet 
days were protective against these adverse outcomes in 
university hospitals strengthens this conclusion. In the 
non-tertiary hospitals, busyness was unrelated to adverse 
outcomes, suggesting that overall neonatal capacity is on 
par with obstetric services. The patient casemix in non-
tertiary hospitals is likely to put less stress on neonatal 
services compared with university hospitals. Interestingly, 
on quiet days in non-tertiary hospitals, the trend was 
towards worsening outcomes. This may reflect the ambi-
tion to treat complicated cases, when there were more 
available resources at the non-tertiary hospitals.

This study focused on the concept of busy day effect on 
obstetric outcomes.11 12 14 The novelty of this study was its 
adaptation of the same methods as in earlier studies. Busy-
ness in delivery hospitals was used as a quality indicator 
of delivery hospitals’ ability to keep the quality of care 
constant, when delivery hospitals are under pressure with 
one of the most vulnerable patient groups, prematurely 
born infants at ≤32+0 weeks. Studies focusing on the 
consequences of busyness in the obstetric environment 
are limited in number. Some of them have suggested 
that busyness in a delivery ward during weekends (vs 
weekdays) was a risk factor for neonatal asphyxia,21 for 
increased odds of a <7 Apgar score, for neonatal seizures, 
or for admission to a neonatal intensive care unit.22

The strength of this study is that the study setting has 
been tested and validated by use of the same register data. 

Figure 1  Forest plots of early neonatal mortality, asphyxia 
and resuscitation. aOR, adjusted OR.
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The data were completed with Population Register data 
from the Finnish Digital and Population Data Service 
Agency (live births) and cause-of-death data from Statis-
tics Finland (stillbirths and infant deaths). Furthermore, 
a large sample size increases the reliability of this study. 
Based on our earlier study results, the busyness of the 
delivery hospitals has been suggested as one of the quality 
indicators for obstetric care to evaluate delivery hospitals’ 
capacity to work under varying patient flow days.11 12 14 In 
the present study, the setting was well defined to small 
preterm infants and to their condition during and after 
birth, and the outcomes were widely recognised and used.

We defined quiet, optimal and busy days based on the 
daily delivery volume in different sized hospital catego-
ries and estimated to the nearest 10% to represent quiet 
and busy delivery volume days. However, due to the 
complexity, duration and nature of the delivery process, 
the calculations may not be exact, and the daily delivery 
volume does not describe the actual workload in the 
hospital during varying daily periods or by the various 
stages of the labour.

The weakness of this study is the definition of quiet, 
optimal and busy days. Busyness in a delivery hospital may 
vary hour by hour, so that 24 hours may be too wide a time 
window to estimate associations between busy days and 
neonatal outcomes. The day before the actual birth may 
sometimes be even busier than the actual birthday of the 
infant. Moreover, the data did not allow direct analysis of 
neonatal intensive care unit busyness. Furthermore, the 
data did not include birth weight z-score, which would 
have made regression model even better.

The data from multiple pregnancies are not included 
in this study, and this may be considered as a limitation. 
Unfortunately, the current work was a subanalysis of the 
original cohort, where the design excluded multiple 
births. However, multiple births are over-represented in 
preterm infants and would thus have been interesting.

Another limitation of this study was its definition of still-
birth, for which the timing of death remained in most 
cases unknown, leading to an assumption that the ante-
partum death may not have occurred on the same day on 
which the infant was born. It is possible to speculate that 
neonatal death may occur after possible patient transfer, 
and this may be seen as a limitation of this study. Patient 
transfers upward from non-tertiary to tertiary univer-
sity hospitals may actually be related to busyness in the 
tertiary hospital, meaning that both patient volume and 
risk case concentration were biasing both the exposure 
and outcome. However, the MBR data do not include the 
information on patient transfers between varying level 
delivery hospitals, and for these reasons, patient transfers 
are not in the scope of this study.

Preterm infants with an expected birth weight less than 
1500 g or gestational age less than 32 weeks are deliv-
ered in tertiary hospitals when possible. Long distances, 
emergencies and difficulties in predicting preterm labour 
may lead to delivery in non-tertiary hospitals. Thus, all 
delivery hospitals are required to have 24/7 readiness 

for emergencies, but smaller units have less experience 
with premature infants and before the centralisation of 
neonatal care in Finland preterm infants born in central 
hospitals had higher mortality than those born in univer-
sity hospitals.23 The decision to deliver preterm baby in 
central or local level hospital needs to balance the risks 
of delivery with those of the transfer and depends on 
local experience and travel time to the nearest university 
hospital.

CONCLUSIONS
In small preterm infants, a significant association existed 
between birth on a busy day in the university hospital 
and higher perinatal mortality. This association was 
due to early neonatal mortality, not to increased rate of 
stillbirths. Since the infants’ condition at birth was not 
compromised, it was likely that differences were not 
explained by the differences in obstetric care. Instead, 
these results suggest that the capacity of neonatal care 
was suboptimal to tolerate the load. These findings call 
for further studies, to reveal whether neonatal resourcing 
in tertiary university hospitals on busy days should be 
improved.
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