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maternal outcomes – a population‐based
study of 601 247 singleton deliveries
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Abstract

Background: This was a retrospective population-based study, utilizing the data of 601 247 singleton hospital
deliveries collected from the Finnish Medical Birth Register (MBR) in 2006–2016. The aim of this study was to
analyse the busy day effect on intrapartum adverse maternal outcomes.

Methods: To implement the study design, daily delivery frequencies and ranges (min-max) for each delivery unit
(n = 26) were stratified to the daily delivery volume distributions by the delivery unit’s annual delivery volume and
profile: Category (C)1 < 1000, C2 1000–1999, C3 2000–2999, C4 ≥ 3000 and C5 the profile of university hospitals. To
study the busy day effect, the quiet, optimal and busy days were defined by calculating the number of days (%)
with the lowest and highest daily delivery frequencies and summed to the nearest 10 % in each hospital category.
Optimal days were determined by calculating approximately 80 % of deliveries occurring between the lowest 10 %,
and highest 10 % in each hospital category. Crude and adjusted odd ratios (ORs) with 99 % confidence intervals
(CIs) were used to analyze the busy day effect on adverse maternal outcomes, blood transfusions, manual removal
of the placenta and obstetric anal sphincter injuries, separately in each hospital category.

Results: The busy day effect was associated with the 28 % (99 % CI 8–52 %) and 25 % (99 % CI 11–40 %) increased
need for blood transfusions in C2 and university hospitals (C5), respectively, whereas 22 % (99 % CI 10–31 %) less
blood transfusions were needed at university hospitals during quiet days. In C3 hospitals, 83 % (99 % CI 65–92 %)
less blood transfusions were needed during busy days. Obstetric and anal sphincter injury rates declined during
quiet days by 22 % (99 % CI 3–38 %) only in university hospitals.

Conclusions: The findings of this study identify no specific pattern to the busy day effect for adverse maternal
outcomes defined as manual removal of the placenta or obstetric and anal sphincter injuries. However, both quiet
and busy days seem to be associated with increased or decreased need for blood transfusions in different sized
delivery units. Findings also suggest that quiet days are associated with a decreased number of obstetric and anal
sphincter injuries.

Keywords: Adverse maternal outcome, Blood transfusion, Busy day effect, Daily delivery volume, Hospital size,
Medical birth register
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Background
Giving birth is an individual and often unpredictable
process. Elective Caesarean is the only delivery mode
which can be scheduled beforehand. The nature of the de-
livery process causes challenges to delivery unit organisa-
tions. Daily inconsistent occurrences and varying patient
flow in delivery units can cause a range from quiet to busy
time periods compared to unit´s optimal period in terms
of capacity and staffing. Delivery unit organisations have a
responsibility to ensure patient safety and keep the balance
in quality of care despite of these daily changes in patient
flow [1]. We have shown in the earlier studies the occur-
rence of daily delivery volume changes in particular within
small delivery units (< 1000 annual deliveries), where the
variation of daily patient flow is more prominent com-
pared to the larger ones (Vilkko R, Räisänen S, Stefanovic
V, Gissler M, Heinonen S: Patient flow unevenness in dif-
ferent sized delivery hospitals – an 11-year register study
of 610 227 deliveries, unpublished). This implies that hos-
pital capacity may become overloaded and have an effect
on the delivery unit practises. As a consequence, earlier re-
sults also indicate that busy days tend to produce excessive
interventions during labour (Vilkko R, Räisänen S, Gissler
M, Stefanovic V, Heinonen S: Busy day effect on the use of
interventions during labour – A population-based register
study of 601 247 singleton deliveries, unpublished). For
these reasons, busy days in delivery units can be seen as a
risk factor for adverse maternal outcomes. However, the
other existing evidence on this is limited since quality indi-
cators [2] are more often assessed and based on annual or
monthly statistics [3–8] or hospital level acuteness [9] or
even time of the day [10, 11]. The busy day effect on ma-
ternal outcomes is a less studied topic. To understand the
busy day effect, it is possible to collect hospital level quality
markers on a daily basis for outcome measures which are
easy to identify, occur frequently enough and vary suffi-
ciently among hospitals [12]. In this study setting, varying
patient flow days have been defined as quiet, optimal and
busy and have set these definitions as exposures to select
adverse maternal outcome measures as blood transfusions,
manual removal of the placenta (MRP) and obstetric anal
sphincter injuries (OASIS). Daily delivery frequencies and
ranges (min-max) were calculated for each delivery unit
and then stratified by the delivery unit´s annual delivery
volume and profile to make a hospital level comparisons
possible. The aim of this study is to analyse the busy day
effect on selected intrapartum maternal outcomes in five
categories of delivery units with different annual delivery
volumes or profiles.

Methods
This study was conducted in Finland, a Nordic country
with 5.5 million inhabitants and publicly funded free of
charge maternity care services used by 99 % of pregnant

women. Private delivery services are not available. The
data for this retrospective population-based study in-
cluded 601 247 singleton deliveries from 26 delivery hos-
pitals in 2006─2016. Multiple pregnancies (n = 9149)
and deliveries (n = 24 414) occurring in delivery units
(n = 8), which were closed because of the low annual de-
livery volume during the study period, were ex-
cluded. Data were gathered from the Finnish Medical
Birth Register (MBR). The MBR data include all diagno-
ses (defined by International Statistical Classification of
Diseases and Related Health Problems, ICD-10) [13] and
outcomes concerning live births and stillbirths with birth
weight of ≥ 500 g or gestational age ≥ 22 weeks from the
beginning of pregnancy until the first seven days after
birth. The Finnish national data protection legislation
guided study process and authorization to use the data
was given by the MBR keeper, the Finnish Institute of
Health and Welfare (references: THL/1749/5.05.00/2011,
THL/998/5.05.00/2013 and THL/876/5.05.00/2017).
In this study setting, to analyse the busy day effect,

daily delivery frequencies and ranges (min-max) were
first calculated for each of the 26 delivery units and then
the daily delivery volume distribution was stratified by
hospitals’ annual delivery volume or profile into five cat-
egories (C1-C5). The category C1 included the smallest
local and central level delivery units (n = 7) across the
country with annual delivery volumes of less than 1000
deliveries. The low daily and annual delivery volumes in
these small delivery units resulted in a small sample size
of deliveries in C1. The limit of < 1000 annual deliveries
was chosen because it is aligned with Finnish legislation.
In Finland, a delivery unit should have at least 1000 an-
nual deliveries to maintain and ensure patient safety.
Hospital categories C2 (n = 10) and C3 (n = 2) included
local and central level delivery units with annual delivery
volumes from 1000 to 1999 and from 2000 to 2999, re-
spectively. The hospital category C4 included two large
sized central level delivery units, placed near by the cap-
ital area with ≥ 3000 annual deliveries (Table 1). Univer-
sity hospitals in hospital category C5 were categorised as
its own category, because of the profile of tertiary level
care, a country wide referral system and a different pa-
tient mix compared to large central hospitals. University
hospitals are focusing on demanding cases and specialist
level care in the field of obstetrics. The largest university
hospital is located in the capital area and it is validated
to treat the most high-risk pregnancies and deliveries
and take care of the most extreme preterm deliveries
across country. Some delivery units may have changed
from the original hospital category during the study
period, however, such changes also affect the variation
and keeps the analysis consistent. The type of hospital
categorisation in this study setting is in line with the
Finnish organisation of delivery units and allocates an
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adequate number of hospitals in each hospital category
to provide statistical power to the analyses.

The varying daily delivery volume periods were defined
based on annual delivery volume as quiet, optimal and
busy days by counting the daily delivery frequency and
range (min-max) for each hospital category. Mean and
range (min-max) of daily delivery volume varied between
hospital categories, and each hospital category had its own
definition for daily delivery volume variation. To define
busy days, the number of days (%) with most high daily
delivery volumes were summed to represent the closest
10 % on each hospital category. Quiet days were also de-
fined by summing the number of days (%) with the most
low delivery volume frequency days to the nearest 10 % in
each the hospital category (C1─C5). Optimal days were
defined with calculating around 80% of the days between
the lowest 10 % and highest 10 % daily delivery volume
frequency days inside each hospital category (Table 1).
Days with zero deliveries per day were not included in the
calculations. Quiet days in the hospital category are repre-
sented when over resourcing of staffing may occur and
busy days in the hospital category are represented when
under resourcing of staffing may occur. Hospital level op-
timal days are represented when there are optimal staffing
resources within the delivery unit.
For this study, three adverse maternal outcomes were

chosen based on their prevalence in delivery units. Data
availability and the results of previous literature also sup-
ported this decision. Including blood transfusions as a de-
fined outcome was chosen as a surrogate for postpartum
haemorrhage (PPH). PPH is one of the most severe mater-
nal outcomes and is also listed as a considerable cause of
maternal death during labour [14]. Definition of blood
transfusions in this study includes interventions of red
blood cell transfusion, thrombocytes and fresh frozen
plasma during delivery or postpartum in a delivery unit.
Maternal outcome is defined as MRP which also included
diagnoses of a retained placenta. MRP is likely to be

related to PPH and if it occurs, may need additional emer-
gency obstetric care [15]. Maternal adverse outcome is de-
fined as OASIS including information of third- and
fourth- degree perineal tears. OASIS as widely used as a
perinatal health indicator and is also associated with re-
flections of maternal morbidity [16, 17].
Bivariable analyses and multivariable regression ana-

lyses were utilized to analyse the association between the
varying daily delivery volume (quiet days, optimal days,
busy days) and adverse maternal outcomes (blood trans-
fusion, MRP, OASIS). Prevalence, crude odds ratio
(cOR) and adjusted OR (aOR) with 99 % confidence in-
tervals (CIs) were defined. Multivariable regression ana-
lyses were chosen as an approach to take patient mix
differences caused by patient flow into account. Statis-
tical analyses were conducted within each hospital cat-
egory (C1-C5) and the deliveries in each hospital
categories served their own controls speculating the pa-
tient mix to be roughly similar despite of daily variation
in delivery volume. Defined quiet days and busy
days were compared to hospital category level optimal
days and by that optimal days were set as a reference
group in each hospital category. Due to multiple com-
parisons, associations were considered statistically sig-
nificant if p -value was < 0.01. All analyses were
conducted with SPSS statistical software (version 25).
To analyse the association between varying daily deliv-

ery volume and blood transfusions, all delivery modes
were included in the analysis (vaginal delivery, vacuum
assisted delivery, Caesarean delivery). Covariates were
chosen and categorised as maternal age, parity, birth
weight and delivery mode. To analyse associations be-
tween daily delivery volume and adverse maternal out-
comes defined as MRP and OASIS, only vaginal deliveries
were included in the analysis. Covariates for MRP were
defined as categorised maternal age, parity and birth
weight. Covariates for OASIS were defined as categorised
maternal age, parity, birth weight, vacuum assisted deliv-
ery. Covariates were defined based on earlier literature

Table 1 Hospital categorisation, number of deliveries (n, %, mean), number and range of deliveries during defined quiet, optimal
and busy days in different sized hospital categories (C1-C5)

Total number of deliveries Quiet day Optimal day Busy day

Hospital category Hospitals/
category (n)

Deliveries (n, %) Deliveries/day (mean) Number (n, %)
and range of daily
deliveries (n)

Number (n, %) and
range of daily
deliveries (n)

Number (n, %) and
range of daily
deliveries (n)

C1 7 55 448 (9.2) 2.0 7 212 (13.0) 1 44 056 (79.5) 2–5 4 180 (7.5) 6–10

C2 10 165 573 (27.5) 4.6 14 200 (8.6) 1–2 136 711 (82.6) 3–8 14 662 (8.9) 9–16

C3 2 54 574 (9.1) 4.5 5 303 (9.7) 1–4 42 698 (78.2) 5–11 6 573 (12.0) 12–24

C4 2 108 254 (18.0) 13.5 9 731 (9.0) 1–8 88 156 (81.4) 9–23 10 367 (9.6) 24–34

C5 5 217 398 (36.2) 10.8 24 613 (11.3) 1–7 171 148 (78.7) 8–18 21 637 (10.0) 19–30

Total 26 601 247 (100.0) 7.1 61 059 (10.2) 1–8 482 769 (80.3) 2–23 57 419 (9.5) 6–34

C1 = < 1000 deliveries annually, C2 = 1000–1999 deliveries annually, C3 = 2000–2999 deliveries annually, C4 = ≥ 3000 deliveries annually, C5 = University hospitals

Vilkko et al. BMC Pregnancy and Childbirth           (2021) 21:66 Page 3 of 8



Table 2 Maternal characteristics during quiet, optimal and busy days by hospital categorisation

Hospital category Maternal characteristics Categorisation Quiet day (n, %) Optimal day (n, %) Busy day (n, %)

C1 Delivery mode Vaginal delivery 5509 (76.4) 34,254 (77.8) 3298 (78.9)**

Vacuum assisted delivery 524 (7.3) 3317 (7.5) 294 (7.0)

Caesarean section 1179 (16.3) 6485 (14.7) 588 (14.1)

Parity Nulliparous 2788 (38.7) 16,339 (37.1) 1513 (36.2)

Age < 25 1438 (19.9) 9225 (20.9) 886 (21.2)

25–34 4465 (61.9) 27,039 (61.4) 2522 (60.3)

≥ 35 1309 (18.2) 7792 (17.7) 772 (18.5)

Birth weight < 3000 909 (12.6) 5329 (12.1) 475 (11.4)

3000–3999 5078 (70.4) 31,126 (70.7 2952 (70.6)

≥ 4000 1224 (17.0) 7586 (17.2) 753 (18.0)

C2 Delivery mode Vaginal delivery 10,875 (76.6) 104,208 (76.2) 10,990 (75.0)

Vacuum assisted delivery 1237 (8.7) 11,984 (8.8) 1197 (8.2)***

Caesarean section 2088 (14.7) 20,518 (15.0) 2475 (16.9)

Parity Nulliparous 5705 (40.2) 54,747 (40.0) 5781 (39.4)

Age < 25 2732 (19.2) 26,565 (19.4) 2815 (19.2)

25–34 8938 (62.9) 86,463 (63.2) 9259 (63.1)

≥ 35 2530 (17.8) 23,683 (17.3) 2588 (17.7)

Birth weight < 3000 1936 (13.6) 17,695 (12.9) 1913 (13.1)

3000–3999 9854 (69.4) 95,316 (69.7) 10,120 (69.0)

≥ 4000 2408 (17.0) 23,678 (17.3) 2625 (17.9)

C3 Delivery mode Vaginal delivery 4022 (75.8) 31,734 (74.3) 4777 (72.7)***

Vacuum assisted delivery 433 (8.2) 3743 (8.8) 556 (8.5)

Caesarean section 848 (16.0) 7221 (16.9) 1240 (18.9)

Parity Nulliparous 2044 (38.5) 16,485 (38.6) 2583 (39.3)

Age < 25 1092 (20.6) 8310 (19.5) 1248 (19.0)

25–34 3316 (62.5) 26,870 (62.9) 4184 (63.7)

≥ 35 895 (16.9) 7518 (17.6) 1141 (17.4)

Birth weight < 3000 585 (11.0) 5110 (12.0) 863 (13.1)***

3000–3999 3636 (68.6) 29,468 (69.1) 4569 (69.6)

≥ 4000 1082 (20.4) 8096 (19.0) 1135 (17.3)

C4 Delivery mode Vaginal delivery 7777 (80.2) 67,102 (76.3) 7992 (77.1)***

Vacuum assisted delivery 796 (8.2) 8827 (10.0) 1155 (11.1)

Caesarean section 1130 (11.6) 12,000 (13.6) 1215 (11.7)

Parity Nulliparous 4103 (42.2) 41,445 (47.0) 5115 (49.3)***

Age < 25 1182 (12.1) 11,331 (12.9) 1227 (11.8)***

25–34 6428 (66.1) 57,858 (65.6) 6668 (64.3)

≥ 35 2121 (21.8) 18,967 (21.5) 2472 (23.8)

Birth weight < 3000 1071 (11.0) 10,793 (12.3) 1401 (13.5)***

3000–3999 6924 (71.4) 62,362 (70.9) 7371 (71.2)

≥ 4000 1706 (17.6) 14,744 (16.8) 1587 (15.3)

C5 Delivery mode Vaginal delivery 18,270 (74.2) 126,639 (74.0) 15,788 (73.1)***

Vacuum assisted delivery 1865 (7.6) 14,560 (8.5) 1871 (8.7)

Caesarean section 4478 (18.2) 29,889 (17.5) 3952 (18.3)

Parity Nulliparous 10,328 (42.0) 72,826 (42.6) 9620 (44.5)***

Vilkko et al. BMC Pregnancy and Childbirth           (2021) 21:66 Page 4 of 8



and categorised by delivery mode (vaginal delivery, vac-
uum assisted delivery, caesarean section), maternal age (<
25, 25 to 34, ≥ 35 years), parity (nulliparous, multiparous),
and birth weight (< 3000 g, 3000–3999 g, ≥ 4000 g).

Results
Maternal and foetal characteristics are reported by vary-
ing daily delivery volume (quiet, optimal, busy days) in
each hospital category in Table 2.

Busy days were associated with the increased need for
blood transfusion in hospital category C2 and C5, where
blood transfusion was needed 28 % (99 % CI 8–52 %)
and 25 % (99 % CI 11 %-40 %) more often, respectively,
compared to the need for blood transfusion during opti-
mal days. In hospital category C3, the need for blood
transfusion was 83 % (99 % CI 65–92 %) less during busy
days compared to the need for blood transfusion during
optimal days. Quiet days were associated with a de-
creased need for blood transfusion in hospital category
C5, where blood transfusion was performed 22 % (99 %
CI 10–31 %) less compared to optimal days. Varying
daily delivery volume times were not associated with
MRP in any hospital category. The association between
varying delivery volume time periods and OASIS was
noticed only in hospital category C5, where the occur-
rence of OASIS was 22 % (99 % CI 3–28 %) less during
the quiet days compared to optimal days (Table 3).

Discussion
The busy day effect has been studied on selected adverse
maternal outcomes in different sized hospital categories.
The busy day effect made statistical differences between
the need for blood transfusions and the occurrence of
OASIS rates but not in the performance of MRP. The
overall need for blood transfusion among all deliveries
ranged from 1 to 4 %, being lowest at small hospitals (C1)
and highest at large non-university hospitals (C4). Inter-
estingly, university hospitals were in between these two
categories. Busy days appeared to increase the need for

blood transfusion in C2 and university hospitals by 28 %
and 25 %, respectively, whereas 22 % less blood transfu-
sions were needed at university hospitals during quiet
days. Unexpectedly, in hospital category C3, 83 % less
blood transfusions were needed during busy days com-
pared to optimal days. With respect to OASIS rates, the
only significant change was related to daily delivery vol-
ume variation that was noticed at university hospitals
where the OASIS rate declined by 22 % during quiet days.
The virtually unchanging rate of MRP independent of

unit size or workload was not only an expected finding
but also a result that helps to validate the findings of the
study. Accordingly, the increasing need of blood transfu-
sion during busy days was also expected, but the fact
that it occurred in small non-university (C2) and univer-
sity hospitals only, was interesting. It can be speculated
that not all diagnostic or preventive measures [18]
against haemorrhage were performed or were not ad-
equately performed during the busiest times, resulting in
the need of blood transfusion. Unexpectedly, in middle-
size hospitals (C3), significantly fewer transfusions were
needed when the workload was high.
Statistically it can be assumed that up to 40 cases re-

quiring blood transfusions are missing from that group,
and even though the data and the analysis has been veri-
fied, this appears to be the case. It is unlikely that cases
with significant PPH with the need of blood transfusion
would go unnoticed or would not be registered since in
every other hospital category independently of the work-
load, the numbers seem to be consistent. Therefore, it is
speculated that hospitals particularly in this size category
(C3), when heavily loaded, tend to transfer patients to
university hospitals when the risk of PPH is recognized.
There is no evidence of this in the MBR since it lacks
such referral data, however, it is known that C3 hospitals
have only one obstetrician on call at hospital over nights
and weekends. Consequently, their surgical capacity and
blood bank availability appear to be the limiting factor
under busy days, whereas in large non-university and
university hospitals with adequate staffing and multiple
surgical teams, resourcing is not as critical as in smaller

Table 2 Maternal characteristics during quiet, optimal and busy days by hospital categorisation (Continued)

Hospital category Maternal characteristics Categorisation Quiet day (n, %) Optimal day (n, %) Busy day (n, %)

Age < 25 4530 (18.4) 27,935 (16.3) 3138 (14.5)***

25–34 15,168 (61.6) 108,552 (63.4) 13,879 (64.1)

≥ 35 4915 (20.0) 34,661 (20.3) 4620 (21.4)

Birth weight < 3000 4017 (16.3) 26,115 (15.3) 3334 (15.4)***

3000–3999 16,694 (67.8) 115,890 (67.7) 14,708 (68.1)

≥ 4000 3895 (15.8) 29,051 (17.0) 3565 (16.5)

*** p < 0.001, ** p < 0.01
C1 = < 1000 deliveries annually, C2 = 1000–1999 deliveries annually, C3 = 2000–2999 deliveries annually, C4 = ≥ 3000 deliveries annually, C5 = University hospitals
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Table 3 Prevalence, odds ratio (OR), adjusted OR (aOR), 99 % confidence intervals (CIs) and maternal outcomes during varying
delivery volume time periods (quiet, optimal, busy) in each hospital category

Hospital
category

Population Maternal outcome Quiet day Optimal
day

Busy day

C1 All deliveries (n = 55 448,
100.0 %)

Blood transfusion (n, %) 80 (1.1) 439 (1.0) 47 (1.0)

OR (99 % CI) 1.11 (0.81–1.53) Ref. 1.13 (0.76–1.68)

aOR (99 % CI) 1.11 (0.80–1.51) Ref. 1.13 (0.76–1.69)

Vaginal
Deliveries
(n = 47 196, 85.1 %)

Manual removal of placenta
(n, %)

134 (2.2) 822 (2.2) 71 (2.0)

OR (99 % CI) 1.02 (0.78–1.30) Ref. 0.90 (0.65–1.24)

aOR (99 % CI) 0.98 (0.78–1.27) Ref. 0.90 (0.65–1.25)

OASIS (n, %) 57 (0.9) 287 (0.8) 28 (0.8)

OR (99 % CI) 1.24 (0.85–1.80) Ref. 1.02 (0.61–1.70)

aOR (99 % CI) 1.24 (0.85–1.80) Ref. 1.04 (0.62–1.74)

C2 All deliveries (n = 165 573,
100.0 %)

Blood transfusion (n, %) 174 (1.2) 1906 (1.4) 263 (1.8)***

OR (99 % CI) 0.88 (0.72–1.08) Ref. 1.29 (1.09–1.53)***

aOR (99 % CI) 0.87 (0.71–1.07) Ref. 1.28 (1.08–1.52)***

Vaginal deliveries (n = 140 491,
84.9 %)

Manual removal of placenta
(n, %)

215 (1.8) 2026 (1.7) 199 (1.6)

OR (99 % CI) 1.02 (0.86–1.23) Ref. 0.94 (0.77–1.13)

aOR (99 % CI) 1.01 (0.84–1.22) Ref. 0.94 (0.77–1.14)

OASIS (n, %) 88 (0.7) 1011 (0.9) 93 (0.8)

OR (99 % CI) 0.83 (0.63–1.11) Ref. 0.88 (0.66–1.16)

aOR (99 % CI) 0.84 (0.63–1.12) Ref. 0.89 (0.67–1.18)

C3 All deliveries (n = 54 574,
100.0 %)

Blood transfusion (n, %) 78 (1.5) 497 (1.2) 13 (0.2)***

OR (99 % CI) 1.27 (0.92–1.74) Ref. 0.17 (0.08–0.35)***

aOR (99 % CI) 1.28 (0.92–1.73) Ref. 0.17 (0.08–0.35)***

Vaginal deliveries (n = 45 265,
82.9 %)

Manual removal of placenta
(n, %)

67 (1.5) 626 (1.8) 77 (1.4)

OR (99 % CI) 0.85 (0.61–1.19) Ref. 0.82 (0.60–1.12)

aOR (99 % CI) 0.86 (0.62–1.21) Ref. 0.80 (0.58–1.09)

OASIS (n, %) 34 (0.8) 237 (0.7) 41 (0.8)

OR (99 % CI) 1.14 (0.71–1.84) Ref. 1.15 (0.74–1.78)

aOR (99 % CI) 1.15 (0.72–1.86) Ref. 1.17 (0.75–1.82)

C4 All deliveries (n = 108 254,
100.0 %)

Blood transfusion (n, %) 403 (4.1) 3353 (3.8) 374 (3.6)

OR (99 % CI) 1.09 (0.95–1.25) Ref. 0.95 (0.82–1.09)

aOR (99 % CI) 1.14 (0.99–1.31) Ref. 0.93 (0.80–1.07)

Vaginal deliveries (n = 93 649,
86.5 %)

Manual removal of placenta
(n, %)

177 (2.1) 1611 (2.1) 185 (2.0)

OR (99 % CI) 0.97 (0.80–1.20) Ref. 0.95 (0.78–1.17)

aOR (99 % CI) 1.00 (0.81–1.23) Ref. 0.92 (0.75–1.12)

OASIS (n, %) 161 (1.9) 1291 (1.7) 165 (1.8)

OR (99 % CI) 1.10 (0.89–1.38) Ref. 1.06 (0.86–1.32)

aOR (99 % CI) 1.20 (0.96–1.50) Ref. 1.04 (0.84–1.29)

C5 All deliveries (n = 217 398,
100.0 %)

Blood transfusion (n, %) 420 (1.7)*** 3710 (2.2) 597 (2.8)***

OR (99 % CI) 0.78 (0.69–0.90)*** Ref. 1.28 (1.14–1.44)***

aOR (99 % CI) 0.78 (0.69–0.90)*** Ref. 1.25 (1.11–1.40)***

Vaginal deliveries (n = 178 993, Manual removal of placenta 272 (1.4) 1921 (1.4) 263 (1.4)
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units. Furthermore, in category C3 and smaller hospitals,
interventional radiology is not available outside regular
working hours, if at all.
Quiet days appeared to be beneficial in decreasing the

OASIS rate and need for blood transfusion at university
hospitals but not in other hospital categories. This result
can be associated with midwifery- led work and
hospital-based nursing culture in teaching hospitals
where the chances to consult more experienced health
care professionals may be easier when the overall work-
load is low.
Strength of this study is based on the data collection

from MBR, that has previously demonstrated to be reli-
able and informative for this kind of population-based
register evaluation [19, 20]. The large data sample made
it possible to define different varying daily delivery vol-
ume time periods (quiet, optimal, busy days) and hos-
pital categorisation. The large data set also enabled more
fulsome statistical analysis and the use of case-mix
evaluation improved the reliability.
Weaknesses of this study include the definition of

varying delivery volume time periods as quiet, optimal
and busy days, in different sized hospital categories. Cal-
culations were based on estimates and were not exact or
the same in all different hospital categories, due to the
varying number of deliveries per day. Calculations were
performed on delivery frequency per day which simpli-
fies natural delivery processes. Deliveries can take place
24/7 and birth date links the case only to the end of the
process. Another weakness is due to limited information
on the hospital staffing levels and expertise in each hos-
pital category and more detailed hospital level data.

Conclusions
These results in this kind of study setting are for our
best knowledge novel. The findings of this study do not
identify specific patterns to busy days in respect to

adverse maternal outcomes that are defined as manual
removal of placenta or OASIS, but both quiet and busy
days seem to be associated with increased or decreased
use of blood transfusion in different sized delivery units.
Quiet days are also associated with decreased number of
OASIS. Otherwise varying delivery volume is a poor in-
dicator of maternal adverse outcomes. Quiet days may
be beneficial in university teaching hospitals where ad-
equate time for consultation and for experienced help
may play a role in the prevention of blood loss requiring
blood transfusion and OASIS.
The study of the busy day effect is a new way to assess

quality indicators as maternal outcome measures in the
field of maternity care. Results of this study can add un-
derstanding of a delivery unit´s capacity to work under
stress and to help resource units adequately. More re-
search is still needed to confirm these findings and if re-
peated, the results suggest that quality should be
routinely assessed separately for busy days to make sure
that the unit is able to respond to high patient volumes
and maintain expected levels of care.
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*** p < 0.001
** p < 0.01
Maternal outcomes adjusted (aOR) with:
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