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Abstract

Background: Maternity care is a high-volume and high-cost area of health care,
which entails various types of service use throughout the course of the pregnancy.
Thus, the aim of this study was to explore the most common reasons and related
costs of health services used by women and babies from pregnancy to 12-month
postbirth.

Methods: We used linked administrative data from one state of Australia,
which contained all births in Queensland between 01/07/2017 and 30/06/2018.
Descriptive analyses were used to identify the 10 most frequent reasons and
related costs for accessing inpatient, outpatient, emergency department, and
Medicare services. These are reported separately for women and babies in differ-
ent periods.

Results: We included 58,394 births in our data set. The results have highlighted
that there was relatively uniform use of inpatient, outpatient, and Medicare ser-
vices by women and babies, with the 10 most common services accounting for
more than half of the total services accessed. However, the emergency depart-
ment service use was more diverse. Medicare services accounted for the greatest
volume (79.21%) of service events but only 10.21% of the overall funding, com-
pared with inpatient services, which accounted for less volume (3.62%) but the
highest amount of overall funding (75.19%).

Conclusion: Study findings provide empirical evidence about the full spectrum
of services used by birthing families and their babies, and could assist health pro-
viders and managers to understand the services women and infants actually ac-
cess during pregnancy, birth, and postbirth.
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1 | INTRODUCTION

Maternity care is a high-volume (there were 140.11 million
births globally in 2019") and high-cost area of health care in
high-income countries. In Australia, around A$9 billion was
invested in this area in 2018-19, making maternity care the
sixth-largest area of health expenditure (6.82% of total health
expenditure—AS$134 billion), with the majority of costs for
public hospital admissions (A$6 billion).> Moreover, it was
estimated that National Health Service (NHS) England spent
£4.7 billion on delivering maternity care in 2013-14. In the
United States, inpatient care comprises the largest share of
national healthcare spending, and birth is the leading rea-
son for hospital admission.** In 2008, Medicaid paid U$22
billion for care associated with birth and U$19 billion for
the care of newborn babies.® In 2011, more than U$15.1 bil-
lion were paid to hospitals providing maternity care, which
makes birth one of the most expensive conditions for hos-
pital care in the United States.* In low and middle-income
countries without well-established public healthcare sys-
tems, the costs and quality of maternal care are generally
lower; many women lack access to adequate care and may
face high out-of-pocket costs to receive necessary care.”®
Escalated costs of maternity care in high-income countries
have not resulted in great improvements to the quality of
care.’ Thus, ensuring high-value health care to optimize
health outcomes, including women-centredness, is a prior-
ity in all nations regardless of income designation.

The provision of safe, high-quality, and accessible
care during pregnancy and birth are key contributors to
improvements in health outcomes for both women and
children.'® Over the previous decades, standardized ante-
natal appointment schedules have been developed to oper-
ationalize this care. Yet, little is known about the services
actually accessed by women outside these schedules, par-
ticularly given the changing demographics of those giving
birth, such as increased prevalence of prepregnancy obesity
and advanced maternal age."' The age of mothers who give
birth in Australia has been rising for both first-time moth-
ers and those who have given birth previously. From 2010
to 2020, the average maternal age increased from 30.0years
to 30.9, while the proportion of older mothers (aged 35 or
over) has increased from 23% to 25.5%.'* Compared with
younger mothers (aged 20-34), older mothers are more at
risk for pre-existing medical conditions that can affect the
current pregnancy (e.g., hypertension), pregnancy compli-
cations (e.g., gestational diabetes), cesarean birth (which
entail longer postnatal hospital stays relative to vaginal
birth), and adverse outcomes for babies (e.g., stillbirth,
preterm birth [less than 37weeks of gestation], and low
birthweight [less than 2500g]).">'* These increased risks
are associated with the usage of additional health services
for mothers and babies (e.g., antenatal admission), com-
pared with routine maternity care."®

Pregnancy and birth may entail multiple consultations
with healthcare providers, screening tests, monitoring,
and procedures.'®"’ Currently, a wide variety of health
services may be used simultaneously by women and ba-
bies over the course of the pregnancy. It is important to
identify the spectrum of health service use as both value-
based care and women-centered care require focusing on
the woman's entire journey and not simply on episodes
of care.’®" There is thus a need to characterize all health
service utilization throughout the pregnancy and birth
journey. Big data and data linkage between hospital and
community-based services allow the full spectrum of the
pregnancy and birth journey to be mapped.

National statistics on Australian hospital service use
have been published annually by the Australian Institute
of Health and Welfare (AIHW), Australian Government;
they report the 20 most common reasons for inpatient and
emergency department (ED) health services. For example,
“childbirth” is one of the broad categories of inpatient
services reported. There were 294,898 admissions (2.65%
of the total admitted care) related to “childbirth” in 2019-
20, with 78.02% of them in public hospitals, and 21.98%
admitted to private hospitals.”’ For ED presentations,
107,036 presentations (1.22% of the total ED presenta-
tions) were classified into “pregnancy, childbirth, and the
puerperium” in 2020-21.%' However, none of the previous
studies or government reports focused on maternity care,
and none cover the whole course of the pregnancy for the
service utilizations by women and babies. Thus, the aim
of this study was to explore the most common reasons and
related costs of health services used by women and babies
from the onset of pregnancy to 12-months postbirth.

2 | METHODS

2.1 | Datasource

This study utilized a whole-of-population data set, created
by linking routine administrative data covering all births
in Queensland (QLD), Australia, between 01/07/2012 and
30/06/2018. Women giving birth and their babies were
identified from the Queensland Perinatal Data Collection,
a mandatory collection of the details of all births, which
includes women's demographic and clinical character-
istics before and during pregnancy and birth, details of
the birth, and postpartum events. These data were then
linked to the Queensland Hospital Admitted Patient Data
Collection, which records all inpatient events in private
and public hospitals in QLD and includes the Australian
Refined Diagnosis Related Groups (AR-DRG) code for
each admission. Data were also linked to the Queensland
Health Non-Admitted Patient Data Collection, which re-
cords all outpatient services in public hospitals in QLD
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and is categorized by Tier 2 codes for each episode of care.
Emergency Data Collection which records all ED presen-
tations in public hospitals, including the principal diag-
nosis (based on the International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision,
Australian Modification (ICD-10-AM)) for each presen-
tation was also linked. The data set also linked the MBS
claims records including the Item Number for each ser-
vice provided, thus covering community-based services.
The protocol describing this data set is available here.*
Each classification (i.e., AR-DRG code, Tier 2 code, prin-
cipal diagnosis, and Item Number) represents a class of
individuals with similar clinical conditions requiring
similar health services; the detailed classification infor-
mation is also available here.?***

For this study, we included all the birth events between
01/07/2017 and 30/06/2018 because the outpatient service
use was not available in our data set before 01/07/2016 as
it was not collected. Additionally, the AR-DRG classifica-
tion system updates over time, with some AR-DRG cate-
gories removed and new ones added, thus, the AR-DRG
Version 6.0 and Version 6.x were used for the correspond-
ing descriptions of this study.”

2.2 | Identification of health service use
The 10 most frequent reasons for health service use
(inpatient—AR-DRG code, outpatient—Tier 2 code,
ED—principal diagnosis, and Medicare—Item Number)
from conception to 12-months postbirth, and for the ba-
bies from birth to the child's first birthday were identified
and ordered by the summed frequency. Services not listed
on the MBS and ED services provided by private hospitals
were not captured in this analysis, thus potentially un-
derestimating the total number of services accessed.

2.3 | Identification of time periods

Three time periods (during pregnancy, at birth, and 12-
month postbirth) for women were identified based on the
difference between service date, birth date, and gestation
days. For inpatient services, we used the admission date,
as opposed to the separation date.

Two time periods (at birth and 12-month postbirth) for
babies were identified based on the difference between
service date and birth date. For inpatient services, we also
used the admission date.

The data set recorded the exact date of Medicare ser-
vices and gestation days in DD/MM/YYYY format; how-
ever, other services' dates and birth dates were provided
only in MM/YYYY format. Therefore, for this study, the
time period “at birth” includes the service utilizations in

the same month as the birth month; “during pregnancy”
means from the conception month to the month before
birth; and “12-month postbirth” covers the 12months after
the birth month, as we cannot identify the exact birth date.
As such, this may limit the accuracy of the identification of
time periods and related health service use and costs.

2.4 | Identification of health
service costs

For admissions in public hospitals, the costs were assigned
based on the average cost for each AR-DRG classification
identified from the National Hospital Cost Data Collection
(NHCDC) produced by the Independent Hospital Pricing
Authority (IHPA),*® and adjusted for patient remoteness,
Indigenous identification, intensive care, and private pa-
tient admissions, in accordance with the adjustments spec-
ified in the National Efficiency Price Determination. For
admissions in private hospitals, the costs were assigned
based on the average cost for each AR-DRG classification to
private health insurers identified from the Private Hospital
Data Bureau Annual Reports. For outpatient services, the
costs were assigned based on the Tier 2 classification, and
the average cost identified from the NHCDC produced by
the THPA. Costs related to each ED presentation were as-
signed from a modified Urgency Related Group (URG)
code based on if the patient was admitted or discharged
from an ED, a broad reason for each presentation, and
the corresponding cost from the NHCDC produced by the
IHPA. We used the NHCDC round corresponding to the
time the service was accessed. The Medicare costs were
identified directly from the claim records.

The costs were summed for each type of service ac-
cessed throughout each time period and presented sep-
arately for birthing people and babies. All costs were
inflated to 2020-21 Australian dollars based on the
Reserve Bank of Australia Inflation Calculator.”’ For
this study, the costs of public hospitals were presented
from the perspective of the government (i.e., the fund-
ing costs rather than the actual costs to healthcare pro-
viders, or the out-of-pocket fees paid by individuals (the
gap amount between fees charged by heathcare provid-
ers and subsidies paid by the federal government)). The
costs of private hospitals were assigned from the per-
spective of private health insurers for hospital charges,
and the funding costs of private hospitals for medical
services were included in Medicare costs.

2.5 | Descriptive analysis

The total number of service events and related total
costs by women and babies in three time periods
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(during pregnancy, at birth, and 12-month postbirth),
and grouped by inpatient (private hospitals, public hos-
pitals, and all hospitals), outpatient, ED, and Medicare
services are presented.

The frequency tables of the 10 most common rea-
sons for service use and related costs (including total
costs and unit cost for each service event) are presented
separately for women and babies, grouped into three
time periods, and grouped by inpatient, outpatient, ED,
and Medicare services. The bar charts of the service use
and costs for each type of service across three time peri-
ods are also presented separately for women and babies.
All the cumulative percentages were calculated out of
the total service use and total costs during each time
period.

The analysis was conducted as per birth level; thus, the
same woman may be included more than once if she had
multiple births (such as twins or triplets) or experienced
multiple pregnancies (i.e., different birth episodes) during
2017-18. All analyses were undertaken in SAS V9.4. All
research was conducted in accordance with the principles
outlined in the Declaration of Helsinki.
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3 | RESULTS

3.1 | Total service use and costs
In total, 58,394 birthsin QLD, Australia, between 01/07/2017
and 06/30/2018 were included in the analysis. There were
6,605,774 services in total provided to women and babies
from conception to 12-months postbirth for births during
this period; 79.21% of them were Medicare services, fol-
lowed by 15.52% episodes of care in outpatient clinics, 3.62%
for admitted patient care in private or public hospitals, and
ED care accounted for the lowest share (1.65%). Total cost
was A$2.17 billion, in which inpatient care was the most
costly—accounting for 75.19% of the total cost (A$1.63
billion); followed by outpatient services, Medicare ser-
vices, and ED presentations, with A$0.23 (10.61%), A$0.22
(10.21%), and A$0.09 (4%) billion, respectively. That is, the
share of the admitted care cost was 20 times higher than the
share of the service volume (Figure 1, Appendixes 1 and 2).
For different time periods, nearly half of the events
(44.53%) were assessed by women during pregnancy,
which accounted for 14.65% of the total costs. Costs were

100% 100%

1.65%
4.009
3625 | 0%

15.52%

ED (service cost)
75.19% Inpatient (service cost)
Outpatient (service cost)
Medicare (service cost)
ED (service use)
Inpatient (service use)

79.21% Outpatient (service use)

Medicare (service use)

0.87% 27.84%

0.28% 418%

29.81% 13.13% 10.61%
22.51% | 220%

5.50%

2.98% 10.21%
2.45%
Infant: 12- Total
month
post-birth

FIGURE 1 The percentage of total service events and costs by women and babies from pregnancy to 12-month postbirth—all births in

Queensland, Australia, 2017/18. [Color figure can be viewed at wileyonlinelibrary.com]|
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highest when women gave birth (A$0.67 billion), and
the second-highest costs (A$0.65 billion) were related to
babies at birth. The share of neonatal admissions cost
at birth was 30 times higher than the service volume
percentage. The remaining costs were distributed simi-
larly across the other three time periods for women and
babies.

3.2 | For women

During pregnancy, the most common service use for each
type of service is as follows: inpatient admissions in hos-
pitals (“antenatal and other obstetric admission,” 63.85%),
outpatient services in public hospitals (“midwifery and
maternity,” 59.23%), ED presentations in public hospitals
(“threatened abortion,” 10.35%), and Medicare services
(“antenatal attendance,” 10.38%). Furthermore, we can
see that the ranking of service use could be different from
the order of related costs (i.e., the most frequent reason for
the service use did not necessarily account for the largest
share of total costs, or vice versa). For example, the most
common inpatient service is the same as the highest re-
lated costs (63.85% of the total admissions and 54.87% of
the total costs) (Figures 2-5).

Across four types of services during pregnancy, the
cumulative percent of the 10 most common services used
was highest for outpatient care (usage: 94.56%; costs:
93.13%) followed by inpatient services (usage: 83.19%;
costs: 72.82%). The distribution of service use was more
diverse in Medicare and ED services due to the cumulative
percent of the 10 most common services accounting for
only 55.23% and 39.65% of total services, respectively.

In the 12-month postpartum category, the most com-
mon service use was “other factors influencing health
status” (22.05%), “midwifery and maternity” (40.32%),
“inflammatory disorders of breast” (3.44%), and “less
than 20min GP consultation” (18.69%), for inpatient,
outpatient, ED, and Medicare services, respectively.
Notably, 4.53% of admission was due to mental health.
The cumulative percentage of inpatient (usage: 56.36%;
costs: 50.96%), outpatient (usage: 75.89%; costs: 70.13%),
ED (usage: 21.93%; costs: 22.52%), and Medicare (usage:
51.08%; costs: 29.39%) services postbirth was all lower
than those during pregnancy.

3.3 | For babies

For babies admitted at birth, the most common admission
was for babies weighing greater than 2499 grams, with-
out significant operating room procedures and problems
(74.13%). All the 10 most common admissions did not

have significant operating room procedures. The cumula-
tive proportion of the 10 most frequent admissions was
94.85% of total services, and the related costs accounted
for 84.18% of total costs (Figures 2-5).

In the 12-months postbirth, the most common service
use for each type of service is “whooping cough and acute
bronchiolitis without complications and/or comorbidity”
(13.42%), “community health services—child and youth
health” (27.60%), “viral infection, unspecified” (11.03%), and
“less than 20 minutes GP consultation” (28.21%), for inpa-
tient, outpatient, ED, and Medicare services, respectively.
The most frequent Medicare service was the same as the
mothers. Interestingly, the cumulation of the top 10 outpa-
tient (87.75%) and Medicare services (84.06%) were relatively
higher than inpatient (54.24%) and ED services (53.09%).

Appendixes 3-7 showed the details of usage (frequency
and percent) and costs (total costs, unit costs, and percent)
for each top 10 service and the remaining services of inpa-
tient, outpatient, ED, and Medicare care at different time
periods for women and babies.

4 | DISCUSSION

The results of this study characterize the top 10 most fre-
quent services used and related costs for inpatient, outpa-
tient, ED, and Medicare services. The share of admission
in public and private hospitals is aligned with the previous
report across Australia.”” The most frequent inpatient ser-
vice during pregnancy, at birth, and 12-month postpartum
for women was “antenatal and other obstetric admission,”
“vaginal delivery,” and “other factors influencing health
status.” For babies, the leading cause was “neonate admis-
sion with weight greater than 2499 grams, without signifi-
cant operating room procedure and problem” at birth and
“whooping cough and acute bronchiolitis without compli-
cation and/or comorbidity” after birth. Our findings are
similar to other studies that found that the admission of
full-term neonates with >2500g birth weight is not an in-
frequent event.”®* In addition, ATHW reported that ba-
bies (under 1year) were more frequently hospitalized, and
the admission rate was 54.5% in 2017-18.%°

In previous studies exploring service utilization and
pregnancy costs, most of them focused on services provided
at a certain stage of the maternal care continuum,*" evalu-
ated the association between the service utilization rate and
health outcomes,* or explored factors associated with ma-
ternal healthcare service use.**** This study added value by
aggregating the maternal health service use and costs at the
population level and throughout the course of pregnancy.
We specifically explored all types of healthcare utilization,
not just obstetric or midwifery care, identifying the range of
other services accessed by women and babies.
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FIGURE 2 The 10 most common reasons and costs for admission in all hospitals for women and babies from pregnancy to 12-month

postbirth—all births in Queensland, Australia, 2017/18. [Color figure can be viewed at wileyonlinelibrary.com]

The results have highlighted that there was relatively
uniform use of inpatient, outpatient, and Medicare ser-
vices by women and babies in all time periods, with the 10

most common services accounting for more than half of
the total services accessed. However, the ED services were
more diverse in distribution with less than 50% of the total
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Tier 2 description

IRank/Women: during pregnancy

[Women: 12-month post-birth

IBabies: 12-month post-birth

1 Midwifery And Maternity Midwifery And Maternity

ICommunity Health Services - Child and Youth Health|

P |Physiotherapy Physiotherapy

Midwifery And Maternity

3" |Community Health Services - Child and Youth HealthCommunity Health Services - Child and Youth HealthPaediatrics

Uh  IGynaecology Gynaecology

ICommunity Health Services - Maternal health

5" |Community Health Services - Maternal health

ICommunity Health Services - Maternal health

IPaediatric Medicine

6" [Obstetrics - Management Preg W/O Comp Obstetrics - Management Preg W/O Comp IPhysiotherapy

7" [Endocrinology [Endocrinology IPrimary Health Care
8™ |General Counselling General Counselling |Audiology

9t Social Work Social Work Nutrition/Dietetics
10" |General Surgery General Surgery Speech Pathology

‘W/O: Without; Preg: Pregnancy; Comp: Complications.

FIGURE 3 The 10 most common reasons and costs for outpatient services accessed by women and babies from pregnancy to 12-month
postbirth—all births in Queensland, Australia, 2017/18. [Color figure can be viewed at wileyonlinelibrary.com]

services used. Furthermore, Medicare services accounted
for the greatest volume (79.21%) of all service events but
only 10.21% of the overall funding, compared with inpa-
tient services, which were less frequently accessed (3.62%)
but with the highest amount of overall funding (75.19%).
This aligns with the previous government report that hos-
pital spending accounted for a larger share of total health
spending than the primary health care.*

Additionally, eight inpatient and six outpatient services
(out of the top 10) accessed by women during pregnancy
were not directly provided by obstetricians or midwives
but may be related (e.g., maternal mental health issues®’
and physical therapy for the treatment of lumbopelvic pain
during pregnancy*®). In our study, these services included
inpatient services for abdominal pain, oesophagitis or
gastroenteritis, and mental health treatment. Outpatient
services included care for endocrinology, nutrition, and

physiotherapy. Furthermore, a large volume of Medicare
services was accessed during pregnancy and birth. One
of the possible reasons for these nonobstetric health ser-
vice uses might be the increased and higher prevalence
of chronic health conditions (e.g., mental and behavioral
conditions, back problems, and diabetes) for women at
reproductive age relative to men at the same age.>*° In
2020-21, 30% of women aged 15-44 years in Australia had
one or more chronic conditions.*

The wide variety of health services (either related to
pregnancy and birth or not) being used as demonstrated
in this study indicate the importance and need to consider
the full spectrum of health services being accessed, and
future research is recommended to investigate whether
these health service uses are attributed to pregnancy and
birth. If so, how might they affect the health outcomes for
mothers and babies? Value-based care considers the total
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Principal diagnosis

IRank/Women: during pregnancy

|Women: 12-month post-birth

Babies: 12-month post-birth

It [Threatened abortion

Inflammatory disorders of breast

[Viral infection, unspecified

2" |Pain localised to other parts of lower abdomen

Other and unspecified abdominal pain

/Acute bronchiolitis, unspecified

3 |Hyperemesis gravidarum with metabolic disturbancePain localised to other parts of lower abdomen

|Acute upper respiratory infection, unspecified|

M Pregnant state, incidental

Calculus of bile duct without cholangitis or chole

Fever, unspecified

5" |Acute abdomen Threatened abortion

IFeeding problem of newborn, unspecified

6" |Abnormal uterine and vaginal bleeding, unspecified |Acute abdomen

INausea and vomiting

7% |Urinary tract infection, site not specified

Sprain and strain of other and unspecified parts o

Superficial injury of head, part unspecified

8"  Nausea and vomiting

|IAbnormal uterine and vaginal bleeding, unspecifiedViral intestinal infection, unspecified

9" [Other and unspecified abdominal pain

[Urinary tract infection, site not specified

|Acute obstructive laryngitis [croup]

10" [Other gastroenteritis and colitis of infectious an Headache

Rash and other nonspecific skin eruption

FIGURE 4 The 10 most common reasons and costs for ED services accessed by women and babies from pregnancy to 12-month
postbirth—all births in Queensland, Australia, 2017/18. [Color figure can be viewed at wileyonlinelibrary.com]

costs of all services accessed over the pregnancy journey
when defining value." Integrated perinatal care pro-
vided by multidisciplinary teams has great potential to
improve efficiency and effectiveness.* As such, there is
a need to be able to routinely capture all care accessed by
women and babies, and big data offers a valuable oppor-
tunity for this.

4.1 | Strengths and limitations

The strength of our analyses is that they drew on data from
awhole-of-population linked routine administrative data
set, demonstrating the value of big data. Furthermore,
we included the service utilization and costs for all
types of health care, not just obstetric or midwifery care,
throughout the pregnancy to 12-months postpartum in

community and hospital settings. Nonetheless, there are
several limitations. These include there being no infor-
mation on services not listed on the MBS and ED services
provided by private hospitals, thus, potentially underes-
timating the total number of services accessed. In addi-
tion, the data set provided the service date and birth date
in the month rather than by the day, which may limit
the accuracy of the identification of time periods and
thus the allocated number of service events and costs.
Finally, the results covered women who gave birth be-
tween 01/07/2017 and 30/06/2018. Although these were
the most recent data available to the researchers due to
the delays in the collection and release of administrative
data, it is possible that the utilization of services and re-
lated costs have changed over time, especially due to the
COVID-19 pandemic.** This demonstrates the need to be
able to monitor use and costs at the service level where
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FIGURE 5 The 10 most common reasons for Medicare services accessed by women and babies from pregnancy to 12-month postbirth—
all births in Queensland, Australia, 2017/18. [Color figure can be viewed at wileyonlinelibrary.com]

data are more readily available. As the data set is updated

4.2 |

over time, this will enable future analyses on this topic,

and future studies can compare the changes in service

use and costs over time.

Conclusion

In conclusion, our study has identified the most com-
mon inpatient, outpatient, ED, and Medicare service uses
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for women and babies in different time periods, thereby
providing empirical evidence about the full spectrum of
services utilized by women and babies during antenatal,
intrapartum, and postnatal care. Thus, the study findings
could assist health providers and managers to understand
the services women and babies actually accessed through-
out the pregnancy and birth journey.
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