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Abstract:

Yearly, around 23,000 Philadelphia women give birth. But the city’s ability to serve these
women is in danger: 13 OB care units have ceased operation in the past decade. Today, only six
remain open in the city, all of which are located in large hospitals. These facilities and others
outside the city have had the task of absorbing the extra births. This analysis utilizes Geographic
Information Systems software including Network Analyst, point distance and raster tools to
assess the socioeconomic characteristics of the neighborhoods that have experienced the loss of a
facility, model the time and cost of travel for all recommended appointments for a typical
pregnancy of a low income uninsured woman and calculate the facility preference shift of
women in these communities after closure. Issues of exceeding OB service capacity are also
explored. Finally, a recommendation for new facilities, to better serve the community, is
proposed which will help to alleviate the burden and congestion of the few maternity wards still

in operation today.
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Introduction:

The number of medical facilities providing obstetric care in Philadelphia has declined drastically
in the past decade. In 1996 there were 19 OB care facilities, today only 6 remain open. These
closures are due to many factors, in some cases the entire hospital associated with the OB unit
closed, but most of the time, only the OB unit ceased operation. Some causes of these closures
are the high cost of OB care including malpractice costs and claims, threats of litigation, and
insufficient revenue to support the facility.! 2 The reduction of services provided in Philadelphia
had lead to a decrease in options for Philadelphia women and the danger of reaching capacity at
the remaining facilities.® There has been insufficient research done to predict the short term and
long term effects of these facility closures in Philadelphia. Furthermore, research about the
spatial implications is uncharted. This study seeks to address many questions regarding the
effects of facility closures and the uncertain future of obstetric care in Philadelphia using
Geographic Information System tools.

Literature Review:

The issue of the declination of obstetrical services is not unique to Philadelphia. This problem is
common in America and abroad.*®> Access to care is especially of interest in rural areas where
closures have resulted in an increase in the rate of low birth weights for residents. Closures from
1990-2002 in Missouri have been determined to be the cause of an increase in the rate of

negative birth outcomes.® The Philadelphia obstetric care crisis has been explored by researchers

! Kruse, J & Phillips, D & Wesley, R M. Factors Influencing Changes in Obstetric Care Provided by Family Physicians:
a National Study. The Journal of family practice. 28. 597 —602. 1989.

? Fondren, L., Ricketts, T. North Carolina Obstetrics Access and Professional Liability Study, Research Summary. The
University of North Carolina Rural Health Research. Sept 1991.

? Jennifer Kolker. Obstetric Care for Philadelphia Residents. June 25, 2007. Drexel University.
4Bosanquet, N., Ferry J., Lees, C., & Thornton, J. (2005) Maternity Services in the NHS. London: Reform, pg. 35.

> Nesbitt T, Scherger J, Tanji ). The Impact of Obstetrical Liability on Access to Perinatal Care in the Rural United
States. Journal of Rural Health. 5(4):321-334. 1989.

6 Sntheimer, D., Halverson, Bell, L., Ellis, M., Willbanks., P. Impact of Discontinues Obstetrical Services in Rural
Missouri: 1990-2002. Natural Rural Health Association. Winter 2008.
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and local media. Jennifer Kolker, of Drexel University, has explored the implications of the
closures in her report; Obstetric Care for Philadelphia Residert$he has addressed many
important effects the closures have had including issues of capacity and impacts on birth
outcomes. However, this issue of obstetric care in Philadelphia has not yet been analyzed using
geospatial methods like Geographic Information Systems software. In other geographical areas,
these methods have been used effectively to predict effects and inform decision making
concerning the discontinuation of obstetric care. A study based in France used GIS to determine
the level of accessibility for women in rural areas after facility closures.® GIS is an effective
method for measuring access to services as well as predicting the future of care. Gary Higgs
explores these opportunities in his research and presents many suitable approaches for utilizing
the methods.® *° This paper seeks to continue the exploration of the obstetric care situation in
Philadelphia by utilizing new methods, principally the GIS software package, ArcMap. This
new approach is vital in gaining new perspective on the issue and informing policy

recommendations.
Problem Statement:

In this study | hope to assess many of the questions that have resulted from the closure of 13
labor and delivery units in the city of Philadelphia between 1996 and 2008, including: What are
the socioeconomic characteristics of the neighborhoods which have experienced the loss of a
facility or multiple facilities? What is the facility preference shift of the women in these
neighborhoods after closure? What issues of facility capacity is the city likely to face in the
upcoming years? And what is the most effective and efficient solution for future care to serve
the city of Philadelphia?

7 Jennifer Kolker. Obstetric Care for Philadelphia Residents. June 25, 2007. Drexel University.

8 Pilkington, H., Blondel, B., Carayol, M., Breart, G., Zeitlin, J. Impact of Maternity Unit Closures on Access to
Obstetrical Care: The French Experience between 1998 and 2003. Journal of Social Science and Medicine. 1521-
1529. 2008.

? Higgs, G. A Literature Review of the Use of GIS-Based Measures of Access to Health Care Services. Health Services
& Outcomes Research Methodology. 5: 119-139. 2004.

10 Higgs, G. The Role of GIS for Health Utilization Studies: Literature Review. Health Services & Outcomes Research
Methodology. 9: 84-99. 2009.
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Methodology:

1.

Data Acquisition / Editing:
Birth records of Philadelphia County residents from 1996-2008

The source of this dataset is the Pennsylvania department of health and it is managed by
Office of the Maternal, Child and Family Health Services in the Philadelphia Department
of Health. This dataset is geocoded, meaning each entry is assigned an x and y coordinate,
according to the home address of the birth mother. This dataset is then aggregated to the
block group the address falls within. Block groups are an administrative geographic unit
which divides census tracts into smaller units. There are 1,816 blockgroups in
Philadelphia, 1,792 of which are recorded as having population in 2000. The average area
for all residential blockgroups in Philadelphia is .0726 square miles. Each entry of the
dataset will then be assigned the x and y coordinates of the block group centroid. A
centroid is discrete point located at the center of a block group determined by the distance
from the borders of the areal unit. This set will not include any identifying information
about the birth mother. A Hospital ID number is included for each entry of the dataset
which indicates the facility of birth. Philadelphia residents who give birth at facilities
outside of the city are excluded from this dataset. Residents who live outside of
Philadelphia County but give birth at hospitals within Philadelphia are also excluded from
the dataset.

A Database of Open and Closed Obstetric Care Facilities in Philadelphia

This database includes extensive details per facility including capacity, operation dates,
affiliation, for/nonprofit status and number of births per year. This database includes
geocoded point data of the location of each facility with the highest level of accuracy

possible.
Demographic and Socioeconomic Data by Census Tract

This dataset is vital for this project. The data includes population totals including
population growth, percent of residents below poverty, percent of residents who are college
educated, age group and demographic characteristics, birth outcome data including low
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birth weight and preterm birth, and economic data including median house value, median
household income, and median rent value all recorded at the census tract level. This data is

from the 2000 census report and includes 2009 estimates where available.™
Auxiliary Data

Supporting data used in the analysis will be Philadelphia streets, public transit lines and
public transit stops, and point data of Philadelphia health centers and public assistance

offices.
2. Data Procedures

A. Data Exploration and Socio-economic characteristics of facility catchment areas:

i. Compare the characteristics of the data including race, age and rate of
birth complications.

ii. Create catchment areas of each facility which incorporates the
geographical area where the majority of their clients live.

iii. Assess the socioeconomic and demographic characteristics of each
facility’s catchment area.

iv. Compare the catchment areas of facilities that have closed and that
have remained open.

B. Birth Density in Philadelphia:

i. Density grids are created which simulate a continuous surface of
values indicating the number of births per square mile for all area in
Philadelphia.

ii. Density grids are produced for each year between 1996-2008.
C. Model of Travel Time and Distance for a Hypothetical Low Income Pregnancy

i. The total travel time, cost and mileage of a low income, uninsured
pregnant mother is modeled including all recommended prenatal care
visits, screenings, public assistance office visits and WIC allotments.

! Federal Financial Institution Examination Council:
http://www.ffiec.gov/census/report.aspx?year=2009&state=42&msa=&county=101&tract=ALL&report=demograp
hic&page=1
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ii. The purpose of this analysis is to model the way public care is allotted
to low income Philadelphia residents and assess whether more
effective methods are needed.

D. Facility Shift and Preference:

i. An assessment of each facility’s catchment area preferences for
facility shift. This includes the Euclidian distance traveled to a facility
per catchment area before and after closure.

E. Absorption Rates and Capacity:

I.  This includes the absorption rate and percent of capacity for each
facility during the timeline of data available. Capacity issues for all
Philadelphia facilities as well as implications of closures on staff and
revenue.

F. Birth Outcomes and Proximity to Facility

I. This explores any correlation between negative birth outcomes: low
birth weight and preterm birth and Euclidian distance to a facility.

G. Discussion

i. An evaluation of the current situation of maternity care in
Philadelphia. This includes an assessment of the results of the above
procedures. Also included are the effects the closures and facility
adjustments have had on the city.

H. Recommendations

i. A final recommendation for an effective and useful birthing facility
with the amenities necessary to serve all residents. The placement of
this facility is be determined by the area with the greatest need that is
currently being underserved in Philadelphia

Results / Evaluation

A. Characteristics of Data and Facility Catchment Areas

The age, race and outcome characteristics of the birth dataset for two selected years is
explored prior to any spatial analysis of the data.’? A table with detailed information is
included in Appendix A. A few things of interest regarding the dataset are the decrease in
births by mothers under the age of 19 between 1997 and 2004, and in 2004, the rate of

2 This data is not available in the geocoded birth dataset used for this study. The figures for this table are derived
from the report by Jennifer Kolker. Obstetric Care for Philadelphia Residents. June 25, 2007. Drexel University.
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preterm birth and low birth weight*® held roughly steady from 1996 for all Philadelphia
births. The rate of birth outcomes is important when assessing the impacts of facility
closures. High risk of birth complications often result in increased hospitalization time for
mothers. It is important to monitor this rate closely because facility closures have
decreased the amount or obstetric resources in the city. Increased hospitalization time for
a large percentage of Philadelphia mothers has the potential to exacerbate the current
issues of facility capacity. Appendix B explores the spatial distribution of birth
complications in Philadelphia. The upcoming analysis will further explore these issues.

In order to explore the impact of facility closures, it is imperative to determine a service
area or catchment area per facility. This is the geographical area that a facility
predominately serves. Once these areas are established, it is possible to see if any changes
have occurred in the neighborhood after the closure of the facility. There are many options
to how to designate the catchment area of each facility.

Thiessen polygons were one option to determine unique catchment areas per facility.
Thiessen polygons minimize distance to all facilities. These polygons are created by
calculating the minimum distance between any two facilities and creating a border at that
point. The result is that all points in the study area, Philadelphia County, will be assigned
to the closest facility. An example of thiessen polygons service areas for our dataset is
included in the Appendix C. There are definite shortcomings to establishing service areas
in this matter. This allocation of service areas assumes that clients select a facility on the
sole criterion of proximity to home address. And when two facilities are located close to

each other, their service areas are much smaller than other service areas.

Facilities attract patients for many reasons such as reputation, type of insurance accepted,
practices, staff, and more. It appears, for Philadelphia residents, proximity is a very

important factor when selecting a facility. Designing service areas that capture the

B preterm birth is considered any birth before 37 weeks gestation.
http://www.marchofdimes.com/professionals/14332_1157.asp

Low birth weight is considered any birth less than 2,500 grams in weight.
http://www.marchofdimes.com/professionals/14332_1153.asp
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geographic location of the majority of a facility’s Philadelphia client base was the goal in

determining the catchments of each hospital. In order to do this, a radial travel distance

between 2.5 — 7 miles was selected per facility such that each service area would

encompass 85-90% of the facility’s Philadelphia clients. The 1996 birth record data was

used to determine the percentage of clients per facility catchment area because, in this year,

all facilities in the study were operating with no restrictions and, with 19 facilities open

across the city, residents were able to select their facility in consideration of all of their

options. Examples of two facility catchment areas, Frankford Hospital and Mercy

Hospital, are included in Appendix D and Appendix E. Unlike the thiessen polygons, the

catchment areas of facilities will overlap because it is very likely that multiple facilities

serve the same neighborhoods. The table below describes the geographical size and

characteristics of each facility’s catchment area:

¥} Wil Square Miles Catchment Births in Catchment Catchment Catu:.hment
Area Births

Chestnut Hill 361 6.0 25.8913 509 576 BB.37% 4715 10.759%
Frankford £1E 7.0 36.3036 1186 1364 BB.95% 4423 26.81%
Germantown 721 3.0 19.7731 370 428 BE.45% 5442 6.80%
Hahnemann 817 5.0 44.8534 1159 1343 B6.30% 12979 8.93%
City Avenue B41 5.0 40.0854 557 651 85.56% 10566 5.27%
leanes 1013 6.0 43.5120 3596 463 85.53% 9187 4.31%
MCOP 1358 7.0 £5.4237 804 927 BE.73% 17173 4.68%
Methodist 1358 4.5 36.4506 727 BAD B6.55% 11371 £.39%
Mortheastern 1415 3.5 15.1321 717 803 80.29% 6258 11 46%
Penna Hospital 1627 7.0 £4.9608 2246 2635 85.24% 16242 13.83%
Temple 2007 4.0 36.0019 1295 1448 80.43% 10257 12.63%
Thomas Jefferson 2008 E.5 £0.9172 1208 1514 85.73% 15606 8.32%
Albert Einstein 2706 4.5 36.3226 1214 1350 B7.34% 10575 11.48%
Episcopal 3106 2.5 12.5078 1145 1309 B7.47% 5124 22.35%
Univof Pennsylvania 3411 4.0 25.6504 1677 1565 B5.17% B384 20.00%
Mercy 3919 4.0 21.6568 256 341 BE.B0% SESE 5.02%
Mazareth 4003 5.0 36.5076 302 354 85.31% 4863 6.0%%
Parkview 4213 3.5 24.5403 768 874 B7.87% 7355 10.44%
Roxborough 2104 3.5 15.3481 148 164 80.24% 2777 5.33%
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These catchment areas essentially represent the geographical area determined by travel distance,

where the majority of the facility’s Philadelphia clients live.

Next, it will be helpful to explore the demographics and characteristics of each catchment area.
This is done by averaging the census data for each tract that falls within a catchment area. Itis

important to remember that these catchment areas overlap so some may have similar neighborhood

characteristics.

Below is a table which describes several characteristics for each catchment area. The figures

indicate that percent minority population, percent vacancy and percent rental properties is higher

for the catchment areas of open facilities. On the other hand, median income is higher for

catchment areas of closed facilities. However, it is important to note that there is a greater amount

of population within the catchment areas of open facilities.

2009 P t [ Med
Estimated Estimated Percent | Percent | Percent | Percent RE”:tE” AE Ia:
Hospital Catch Area Median 2009 - . . =n E,r EE_ o . Status
. ) Minority Black | Hispanic | Vacancy | Occupied | Housing in
Family Population .
Units Years
Income

City Avenue 546,029 619155 BOBY% | B7.57% B.75% 14.19% 41.71% 55 | Clozed
Chestnut Hill 570,278 312674 76.29% | 66.07% 5.04% 0.24% 35.44% 55 | Closed
Roxborough 566,252 175376 64.68% | 59.11% 1.77% 10.10% 41.99% 54 | Clozed
Parkview 543,694 427045 56.44% | 27.66% 21.39% 10.48% 29.21% 56 | Clozed
Mazareth 558,733 408914 24 61% 9.70% B.27% 5.33% 2082% 46 | Closed
Mercy 546 474 421884 7254% | 62.84% 232% 12.78% 44.12% 55 | Clozed
Episcopal 535,581 252101 7300% | 3981% 20 BR% 16.56% 34.01% 58 | Closed
Mortheastern 538,321 328485 66.37% | 34.69% 2657% 15.18% 33.96% 57 | Closed
Methodist 541,867 683412 6B.99% | 51.89% 10.36% 14.90% 41.32% 54 | Clozed
Medical College of PA 544 337 1063070 60.38% | 52.13% 10.26% 13.35% 30.06% 54 | Closed
leanes 50,927 622866 51.16% | 2991% 1462% B.28% 30.73% 52 | Closed
Germantown 554,759 310050 B547% | 69.53% 10.60% 11.08% 35.11% 57 | Clozed
Frankford 560,885 J6R018 19 .45% B.0B% L62% 5.03% 3051% 45 | Closed
Univ of Pennsylvania 544 677 555214 69.16% | 5B8.34% 3.09% 14.31% 41.70% 54 | Open
Albert Einstein 549 397 607610 77.44% | 55.45% 16.22% 12.40% 34.35% 56 | Open
Thomas leffersan 542 990 043276 60.59% | 51.84% 10.73% 13.86% 30.30% 54 | Open

Temple 544 279 591970 7451% | 52.09% 16.27% 14.05% 30.48% 56 | Open

Penna Hozpital 542 826 080607 69.40% | 51.73% 10.72% 13.78% 39.43% 54 | Open

Hahnemann 542219 JeB232 70.239% | 53.20% 10.40% 14.70% 40.69% 55 | Open

Average of All Closed
Facilities 450,587 461,008 62% 45% 12% 11% 36% 54 | Closed
Average of All Open
Facilities 544,390 741,152 72% 54% 11% 14% 39% 55 [ Open
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The difference in characteristics of open and closed facility catchment areas may be due to the fact
that the open facilities are all located in the downtown and lower north portion of the city, meaning
they are all generally concentrated in the center area of the city, which, especially North
Philadelphia, is struggling economically. On the other hand, many of the closed facilities were
located towards the edges of the city, in South, Southwest, Northeast and Germantown
neighborhoods. These areas have more diverse characteristics than center city / North
Philadelphia.

Maps depicting a few of these socio-demographic indicators for Philadelphia are included in

Appendix F.

B. Birth Density in Philadelphia

It is evident that the demand for care has

Density of Births:

not declined in Philadelphia. During the 1996 Births per Square Mile in Philadelphia
time period of 1996-2008, births of

Philadelphia residents have remained
steady between 21,000 and 23,000 births
per year. A density grid of births is

created for each year; this helps to
indicate any spatial changes in the birth

patterns of Philadelphia residents. Each

density grid is created by calculating the ’

OB Facilities

amount of births per square mile of all A Closed
. . . . A Open
area in Philadelphia. The result is a Density
i Births per Sq Mile
continuous surface of values at every 0
1-100
point in the study area indicating the = 101 - 200
. . 201 - 300
number of births per square mile at that gsm 400
location. It is important to note that the g;gi o
locations of births are determined by the E?gi ) ;88
centroid of the block group that the =§§1 ) ?830

mother’s home address falls within. This
method may create some artificial areas of high density because each blockgroup’s total amount of
births is concentrated on one geographical point (centroid) within the blockgroup instead of spread

throughout the areal unit. The 1996 birth density map is above; it also includes the location of the
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open and closed OB facilities for reference. An evolution of the birth density in Philadelphia

between 2006 and 2008 is included in Appendix G.

The highest density areas, between 500-900 births per square mile have moved slightly over the

years but remain in the same general areas, North, Southwest, and South Philadelphia. Areas with
over 900 births per mile were only evident in 1996, 1997, 1998, 2005, and 2008. The majority of
the geographical area of Philadelphia has a birth density of approximately 1-500 births per square

mile.
C. Model of Travel Time and Distance

In order to explore the total amount of time and money spent traveling to the recommended
appointments and offices during a pregnancy, a model of travel time was created. This is a
simulation of a typical low-income uninsured Philadelphia pregnancy. The neighborhood of
residence for this model is Cedarbrook which is located in the Northwest region of the city. This
area was selected for residence because of its unusually high rate of preterm birth among its
residents. This simulation does not assume the patient has the luxury of a personal vehicle for
travel and therefore must only utilize public transportation. And because the patient is uninsured
and relies on public funded resources for care, she must use only designated facilities whether or
not there are others closer to her residence. The simulation also assumes our patient, because low
income, relies on other public services like the SNAP (formerly Federal Food Stamp Program), and
the WIC (Women Infant and Children Food Subsidy Program). All visits to health care and public
assistance offices during a typical 40 week pregnancy are modeled using time and cost estimation.
The number of visits per facility per healthy and complicated or high risk pregnancy were
estimated by Joan Bloch, Ph.D.*

The program used to create the model an ArcMap extension specifically used for estimating time
and distance traveled called Network Analyst. First a network of roads which comprised of only
public transit routes was compiled. This allows the model to create routes which utilize only public
transit networks. Then the model references the beginning location (home address of patient) and
destinations (appointment offices) to estimate the total distance traveled. The travel time used in
these estimates only includes the amount of time required per route and for walking any remaining
distance to the destination. The unpredicted additional time required for waiting for a bus that is

late or not operating for whatever reason is not estimated in this model. Next, the model computes

' Joan Bloch PhD. CNRP. Assistant Professor at Drexel University.
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the cost per trip by the price of the transit tokens needed. And the total time traveled was

calculated using the help of the SEPTA website and their route schedules.®

The following information was used to calculate the total investment per trip:

A one way trip to the designated Public Assistance Office via the HXH Bus Route takes 29

minutes, is 4.2 Miles in distance and costs $1.45.

A one way trip to the designated WIC Office via the HXH Bus Route takes 9 minutes, is 1.9 Miles

in distance and costs $1.45.

A one way trip to the designated Public Health Center #9 via the HXH Bus Route takes 27 minutes,
is 4.0 Miles in distance and costs $1.45.

A one way trip to the Albert Einstein Hospital via the 22 Bus Route takes 23 minutes, is 4.0 Miles

in distance and costs $1.45.

A timeline of recommended visits per each pregnancy type can be found in the Appendix H. The

route maps per facility demonstrating the route travelled via public transportation to each

appointment can be found in Appendix I.

Below is the table with estimated amount of time, distance and money required to travel to all

Healthy Pregnancy
Cost of
Number of Visits Time Spent Traveling | MilesTravelledper | Transportation per
Facility Per Facility Per Facility in Minutes Facility Facility
Public Assistance Office 2 116 16.8 $3.80
WIC Office 3 54 10.8 S8.70
Hospital: Albert
Einstein 4 184 32 $11.60
Health Center Clinic 15 810 120 543.50
All Facilities 25 1164 179.6 $69.60
19 Hours and 24
Total Travel Time per Pregnancy: | Minutes
Complicated or High Risk Pregnancy
Cost of
Number of Visits Time Spent Traveling | MilesTravelled per | Transportation per
Facility Per Facility Per Facility Facility Facility
Public Assistance Office 2 116 16.8 $2.80
WIC Office 3 54 10.8 $8.70
Hospital: Albert
Einstein 12 252 96 534.80
Health Center Clinic 17 914 136 549.30
All Facilities 34 1640 259.6 598.60
27 Hours and 20
Total Travel Time per Pregnancy: | Minutes

1 http://septa.org/schedules/
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recommended appointments. It is important to note that these estimates do not include time spent

at the specified facilities including “checking-in”, waiting, obtaining services, or “checking-out”.

What is most striking in this model is the amount of trips required at differentfacilities to maintain
a healthy pregnancy. Travel time via public transit is not only extremely time consuming but
costly as well.

It is clear that a complicated or high risk pregnancy requires a substantial increase in time
commitment, as well as perceived stress. Eight more hours of total travel time is required for this
type of pregnancy. Modeling travel time of a pregnancy is insightful in understanding the total cost
commitment (monetary, time and emotional) for a patient that is low income. It is hard to imagine
that a woman would also be able to maintain a job while attending all her recommended
appointments for prenatal care as well as public assistance. It is, therefore, conceivable, that the
requirements for a low income woman that is caring for children, pregnant or both, to maintain her
benefits and health do not allow for much time to do other things. This creates a cycle of poverty
that is hard to break.

D. Facility Shift Preference

In order to investigate how the closure of facilities has affected the residents of Philadelphia,
exploration of the mean distance traveled by patients before and after closures is needed. The
distances are measured using a point distance tool which calculates Euclidian distance (“as the
crow flies”) between two sets of xy coordinates. In this application, the first set of coordinates is
the home address (aggregated to the block group centroid) and the second set of coordinates is the
location of the hospital of birth. The Euclidian distance is calculated for every birth of
Philadelphia residents between 1996 through 2008. In 1996, the average Euclidian distance
traveled by all Philadelphia residents giving birth at Philadelphia facilities was 2.80 miles. In
2008 this average increased to 3.24 miles. It is also possible to compare the differences in

average Euclidian distance traveled of all births per catchment area before and after closure.
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Radial Driving

1996: Average Euclidian

Fecty uchment | Dsance ol | ol | cugey | Dl Tevelledin | e din b | Ditane Travele:
Area Miles Area Ares per Catchment Area 1996- 2008

Frankford Hospital 7.00 | 36.3036 2507 42355 6.4705 52.77%
Mazareth Hospital 5.00 | 36.5076 3386 4.0457 7165 41.31%
Parkview Hospital 3.50 | 24.5403 6358 27230 3.6232 33.06%
Jeanes Hospital 6.00 | 43.5120 7462 3.1666 4.1058 29.66%
Mortheastern Hospital 3.50 | 18.1321 SEEE 2.3015 2.9658 28.B6%
Episcopal Hospital 2.50 | 12.5078 4843 1.9865 2.3054 26.12%
Albert Einstein 450 | 36.3226 0658 27568 3.2343 17.32%
Temple University 400 | 36.0919 9656 2.4110 2.7475 13.96%
Penna Hospital 7.00 | 649608 14976 2.3652 26315 11.25%
Medical College of PA 7.00 | 69.4237 15784 2.4356 27058 11.10%
Thomas Jefferson 6.50 | £0.9172 14422 2.3137 2.5601 10.65%
Hahnemann Hospital 5.00 | 44.8534 12117 21344 2.3335 10.27%
Methodist Hospital 4.50 | 36.4506 10672 2.0156 2.2215 10.21%
Roxborough Hospital 350 | 19.3481 2540 3.4465 3.6587 7.32%
City Avenue Hospital 5.00 | 40.0854 9630 2.5811 2.7645 7.11%
Univ of Pennsylvania 4.00 | 296504 7RG 2.2167 2.3015 3.83%
Chestnut Hill Hospital £.00 | 25.8913 4273 3.3800 3.3016 3.60%
Germantown Hospital 3.00 | 127731 5068 2.9530 3.0643 3.56%
Mercy Hospital 400 | 216568 5157 24723 1.5430 2.86%

The difference in travel distances per all clients of each facility from 1996 to 2008 is

included in Appendix J. Mean Euclidian distance traveled increased significantly (above

15%) for patients of all facilities still open in Philadelphia except for Pennsylvania

Hospital where travel distance decreased by 8.921%.

It is important to note that travel distances in these estimations are calculated only for

Philadelphia residents that gave birth in Philadelphia. By 2008, many more Philadelphia

residents decided to give birth at facilities outside of the city. This increase in travel

distance is not accounted for in the previous estimations. These greater travel distances

would certainly further increase the averages per catchment areas.

One shortfall of this analysis is using Euclidian distance measurements. It is more

realistic to calculate travel distance on route networks like roads or transit lines. Barriers

that increase travel time, like waterways or parks, are not accounted for in these
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estimations either. Unfortunately, this dataset is too large and calculating route travel
distance is too computationally intensive. For this study, it is necessary to assume that

average travelled distance is greater than average Euclidian distance.

It is important to note that many of the facilities that have closed only accepted private
insurance. For low income or uninsured women, their OB care choices have remained
generally the same despite closures. In Philadelphia, for uninsured women, the facility
they give birth at is determined by the health center they visit for their prenatal care. They
have no option in selecting an OB facility once they have selected a health center.

E. Absorption Rates and Capacity

As can be expected, the remaining facilities have had the task of absorbing the excess
births. This results in a substantial amount of births that will have to be absorbed by other
facilities in- and outside of the city. For example, in 1996, 9,094 of the 19,393 births of
Philadelphia residents occurred in facilities that, by 2010, closed. This is equal to 46.89%
of all the birth of Philadelphia residents. Other facilities now have the task of

accommodating the influx of patients.

In 2008, every facility in Philadelphia still in operation accommodated a significant more
number of patients than in 1996. For example, Albert Einstein increased their maternity
patients by 95.7%, Hospital of the University of Pennsylvania by 70.6%, Temple
University by 66.6% and Pennsylvania Hospital by 48.2%. A table of all percent change
from 1996 to 2008 is included in Appendix K. A depiction of the growth of facilities from
1996 to 2008 is included in Appendix L. It is important to mention that Chestnut Hill
hospital, which accommodated 602 births in 2008, closed their obstetric unit later that
year. The gap of care left by this facility is not included in the previous calculations

because 2009 birth records are not yet available.

It is important to note that these figures only account for births of Philadelphia residents.
Many women living outside of the city rely on Philadelphia’s hospitals as well. The
area’s remaining obstetric units have had the task of absorbing, not only Philadelphia’s

excess births, but the region’s.
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The six facilities, in Philadelphia, that remain open, today, are not able to completely
absorb the excess births from the 13 closed facilities. There was a 14.7% decrease in total
births by Philadelphia residents at Philadelphia hospitals from 1996 to 2008 even though
total births of residents increased by 1,000.*® This directly results in a decrease of revenue
for Philadelphia hospitals as well as a decrease in jobs for obstetric staff. Appendix M
includes the number of active medical staff with clinical privileges in obstetrics of all
Philadelphia hospitals in 1996-1997 and in 2004-2005."" There has been a loss of 214
medical professional jobs because of facility closure according to these figures.

The remaining facilities in Philadelphia are operating very close to or beyond capacity.
Jennifer Kolker of Drexel University has researched this predicament in her report
Obstetric Care for Philadelphia ResideftsHer dataset includes births at Philadelphia
facilities of non-residents as well as residents. With this data, she was able to estimate the
percent of capacity these facilities are operating at. The formula used for calculating

capacity is:
Number of hospitabirths *2.9 projected maternity days
Projected maternity days / 365 = average daily census

This daily census is used to estimate a number of beds required for Philadelphia to
maintain a 75% occupancy rate or below.’® Accoding to Kolker’s report, as of 2004, five
Philadelphia facilities were operating beyond the 75% capacity recommendation. The
table of percent capacity is included in Appendix N. It is important to note that since
2004, three more facilities have closed in Philadelphia which were not included in these

estimates, so the need for Philadelphia hospitals is expected to exceed 100% of capacity.

1% 1996 Births of Philadelphia residents: 22,524. 2008 Births of Philadelphia Residents: 23,559.

' This data is from the Pennsylvania department of Health and is included in the report: Jennifer Kolker. Obstetric
Care for Philadelphia Residents. June 25, 2007. Drexel University.

' |bid. Pg 15.

¥ 75% occupancy is recommended by American College of Obstetrics and Gynecology.
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F. Correlation between Birth Outcomes and Facility Distance

An ordinary least squares regression analysis was used to assess whether there was any
correlation between negative birth outcomes (preterm birth and low birth weight) and the
distance to the nearest OB care facility. The unit of analysis with the census tract and
each tract has the mean Euclidian distance from the nearest OB facility as well as the 2005

rate of preterm birth and low birth weight recorded.

This regression utilizes the GeoDa statistical software package. The results of the analysis
indicate that there is not a significant correlation between negative birth outcomes and
distance from an OB care facility. For example the P value for the OLS regression of Rate
of Low Birth Weight on Mean Euclidian miles from an OB facility was .226 indicating
insignificant correlation. Similarly, the P value regression of Rate of Preterm birth on
Mean Euclidian miles from an OB facility was .142. It is likely that there is no
relationship between distance from an OB care facility and birth complications because
there is still a relatively short distance between facilities all census tracts in Philadelphia
(the max mean distance from any tract to a health facility is only 4.616 miles). Distance
of travel is most likely not a discouraging factor in access to prenatal care services. On
the other hand, if this study was done in a rural area that was experiencing a declamation
of OB services and the distance to a facility increased drastically for residents, it would be
likely that access and utilization of prenatal and preventive care services would decrease.

Discussion

The results of the analysis indicate that access to care has diminished in the past decade due to
the numerous facility closures. As previously mentioned, the mean Euclidean distance traveled
for Philadelphia residents visiting Philadelphia facilities has increased from 2.80 to 3.24 miles.
This, however, is not a significant increase in distance, only 15.7%. But the actual pressing
concern is the issues of capacity facing Philadelphia hospitals. With five Philadelphia facilities
operating beyond recommended capacity, the potential for problems in the future is likely,
especially if there is large increase in births in the city. Furthermore, as demonstrated in the
Model of Travel Time and Distance for a low income mother, attending all the recommended

appointments for pre and post natal care is expensive, taxing and time consuming. If this system
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of care does not improve, it is likely the preterm birth rate in the city will rise. And a high
preterm birth rate exacerbates the capacity issue in Philadelphia. Lastly, the recent steep rise in
unemployment®® has caused a decrease in private insurance coverage for Philadelphia residents.
The cost per patient of a normal vaginal delivery is estimated for facilities in our area at $8,728
and for a cesarean-section delivery at $12,175.%* Patients with private health insurance can
expect to pay only 5-7% out of pocket with their insurance company paying the remainder.?* For
those patients without insurance or insufficient insurance, the out of pocket expense can be much
higher. Facilities may not receive the total billed amounts for uninsured patients which could

cause them to lose revenue required to sustain their services.
Limitations

There are certain limitations to this study which prevented a complete analysis. Unfortunately,
the geocoded dataset used in this study did not have the complete set of attributes available
including age, race, and insurance status, outcome of birth or income status. It would be

beneficial to repeat some aspects of this study with a detailed dataset.

As mentioned previously, it would be beneficial to be able to calculate travel distance using
available routes as opposed to Euclidian distance. This would create more realistic estimates of
travel time. Also in the future, it would be helpful to expand the dataset to include all regional
births at all regional hospitals. This would be beneficial in accurately calculating the absorption

rates of regional facilities.

Lastly, this study would be enriched if it the data included the 2009 birth records which would
help to illustrate the situation after the closures of 1997-2009. And lastly, information regarding
recent preterm birth rates and low birth weight rates would be desirable to further illustrate the
post closure situation in Philadelphia. Additional data would allow for a more precise and

complete analysis of the situation.

2% current unemployment rate as recorded in February 2010 was 11.4% up from 6.6% in February 2007. According
to the US Bureau of Labor Statistics.

! March of Dimes Study Unveils New Data on the Cost of Having a Baby. Washington, D.C. June 12, 2007.
http://www.marchofdimes.com/aboutus/22663 25389.asp

2 bid.
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Recommendation

In consideration of the analysis and research conducted on obstetric facility closure in
Philadelphia, it is imperative that a more effective method of care be proposed. The
decentralization of prenatal care, support services and labor/delivery as well as the approaching
capacity issues make the future of obstetric care in Philadelphia uncertain. In order to assure the
continued care and encourage the attainment of the recommended prenatal services for low

income and uninsured women, changes in the system are needed.

| recommend the establishment of three total obstetric care facilities in the city. These facilities
would alleviate the capacity burden on the large hospitals. They will function to serve all needs
of insured and uninsured pregnant women including pre-natal checkups, complication
screenings, WIC allocation, labor and delivery, and well-baby appointments. The establishment
of these facilities will eliminate the need for pregnant women to visit several different facilities

many times during and after their pregnancy.

The location of these facilities will be determined by the geographical areas that are being
underserved, areas that demonstrate the most need for care and areas which are at greatest risk
for birth complications. Often times birth complications like low birth weight or preterm birth
can be correlated with social inequalities in neighborhoods which can lead to unusually high
rates.? It is vital to insure that these vulnerable areas are properly served. The descriptions of

fulfillment of the criteria are detailed in Appendix O.

Each recommendation location fulfills the following criteria: 1.) More than 1.5 Euclidian
distance miles from one of the six remaining OB facilities, 2.) Has a birth density (2008 totals)
of more than 300 births per square mile, and 3.) more than 15% births are high risk meaning
they are either low birth weight or preterm.  The map, below, demonstrates the areas that fulfill

the above criteria and are suitable for the development of a total care facility.

This recommendation for new total care facilities will help to effectively serve the city,

encourage better care practices and alleviate the stress on the current facilities. There is hope, in

2 Culhane, J., Elo T. Neighborhood Context and Reproductive Health. American Journal of Obstetrics and
Gynecology. 192, S22-9. 2005.
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Philadelphia, to put an end to the maternity care crisis as well as improve the dangerously high
rates of complications for Philadelphia mothers. Informed decision making as well as new
policies are desperately needed in the city. GIS methods can contribute to an informed and
effective process of decision making for maternity care in Philadelphia.

Recommended Locations for
Total OB Care Facilities

® Open OB Facilites
P Birth Density Greater than 300 [ Mile
Greater than 15% Birth Complications
I Greater than 1.5 Miles from OB
All Philadelphia Tracts
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Appendix 1D: Description:

Appendix A: Table with detailed birth data including age, race and birth cutcomes.

Appendix B: Maps compare the rates of birth outcomes: Preterm Birth and Low Birth Weight

Appendix C: Map demonstrating a sample of the thiessen polygon catchment area allocation
method.

Appendix D: Maps depicting a designated service area and facility births: Frankford Hospital

Appendix E: Maps depicting a designated service areaand facility births: Mercy Hospital

Appendix F: Maps comparing select socindemographic characteristics of each facility catchment
area.

Appendix G: Maps indicating the evolution of birth density in Philadelphia (Births per square mile
in1996, 2000, 2004, and 2008)

Appendix H: Table describing the timeline of recommended visits during a 40 week pregnancy for
anormal and high risk scenario.

AppendixI: Maps depicting the routes and required time and cost foreach of the recommended
appointment locations.

AppendixJ: Table indicating the difference intraveltime before and after closure per each
facility.

Appendix K: Table indicting the change in number of patients per facility between 1996-2008.

Appendix L: Maps demonstrating the patient growth of facilities between 1996-2008.

Appendix M: Table indicating the staff members per facility in 1997 and 2004.

Appendix N: Table indicating the percent of capacity each facility is operating at in 2004.

Appendix O: Maps depicting the fulfillment of the criteria for the siting of new total OB care

facilities.
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Appendix A:
Detailed Birth Data for Philadelphia Residents

Category 1997 1997 Rate 2004 2004 Rate
Mumber of Live Births 22038 100.00% 21585 100.00%
White 9139 41.47% 6045 28.01%
Black 11407 51.76% 10672 49.44%
Asian 1093 4.96% 1232 5.71%
All Other 399 1.81% 2804 12.99%
Unknown / Refused 0 0.00% 834 3.86%
Age of Mother 15997 15997 Rate 2004 2004 Rate
Underls 4053 18.39% 3384 15.68%
20to 24 3590 25.37% 5980 27.70%
25to 29 3565 25.25% 3419 25.11%
301to 34 4341 19.70% 4185 19.39%
3510 39 2012 9.13% 2046 9.48%
40 and above 398 1.81% 472 2.19%
Birth Qutcomes 1997 1997 Rate 2004 2004 Rate
Low Birth Weight 2490 11.30% 2612 12.10%
Preterm Birth 2689 12.20% 2720 12.60%
Infant Mortality Rate (per1000 Birhts) 13 1.30% 10.5 1.05%
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Appendix B:

Birth Outcomes by Philadelphia Census Tracts in 2005

Preterm Birth Rate

by

® Open OB Facilites
wwoﬂoHB Birth Rate
- 14.0%

HA 1-17.4%
17.4 - 19.7%

B 19.8 - 22.5%

B 22.6 - 36.8%
NonResidential

Low Birth Weight Rate

® Open OB Facilites
Low Birth Weight Rate
0.00 - 4.4%
4.5 - 8.7%
18.8-11.8%
B 11.9-15.5%
Bl 15.6 - S0%
NonResidential
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Appendix C:

Service Areas of Hospitals by Calculating the

Closest Travel Distance per Facility
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Appendix D:

Catchment Area of Frankford Hospital

and 1996 Facility Births
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Appendix E:

Catchment Area of Frankford Hospital
and 1996 Facility Births
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Appendix F:

Select Characteristics by Census Tract for Philadelphia

Percent of Housing Units Percent of Residents: Estimated Median Family
Vacant in 2009 Minority in 2009 Income in 2009

{

®
»
..L
l. ® Open OB Facilites ® Open OB Facilites * ® OCpen O Facilites
Fercent ¥acancy Percent Minority Est. Family Income
w 0.00 - 5.0% 0.00 - 15.0% 0 - $30,000
5.1-10.0 15.1 - 30,0 30,001 - 45,000
10.1 - 15.0 30.1 - 65.0 45,001 - 60,000
B 151 - 200 B 651 - 30,0 B 50,001 - 70,000
B 0.1 - 100.0 B 20.1 - 100 B 70,001 - 265,000
NonRegidential No Population INo Fopulation
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Appendix G:

Density of Births of Philadelphia Residents
1996 - 2008
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Timeline of a Healthy Pregnancy
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Appendix I:

Route from Home to County Assistance Route from Home to Albert Einstein
Office: via HXH Bus: 29 minutes, 4.2 Miles Hospital: via 22 Bus: 23 minutes, 4.0 Miles

e Routes e Routes

e  SitePoints

Public Transit Lines
1 Home of Patient X
| Philadelphia
‘

e  SitePoints
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Horne of Patient X
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0 045 09 18 27 36 0 045 03 18 27 |
— — il — — Miles
Route from Home to Health Center 9. Route from Home to WIC Office:
via HXH Bus: 27 minutes, 4.0 Miles via HXH Bus: 9 minutes, 1.8 Miles
e Routes e Routes
e  SitePoints e  SitePoints

Public Transit Lines
Philadelphia

Public Transit Lines
Philadelphia

Home of Patient X Horme of Patient X
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Appendix J:
Facility _ 1996 Births per | 270 AVETaBE | ,onq Births per | 200E Average | Percent Change in
D Hospital B Miles Tra?ffaled B Miles Tra?ffaled Distance Tr_a_veled
Per Facility Per Facility per Facility
361 | ChestnutHill 376 3.444 602 4,108 19.27%
618 | Frankford 1364 4.057 0 0.000 Facility Closed
721 | Germantown 428 1.700 0 0.000 Facility Closed
817 | Hahnemann 1343 2.988 1754 3.639 21.78%
841 | City Avenue 651 3.210 0 0.000 Facility Closed
1013 | Jeanes 463 3.161 0 0.000 Facility Closed
1358 | MCOP 927 4.411 0 0.000 Facility Closed
1359 | Methodist 240 1.501 0 0.000 Facility Closed
1415 | Mortheastern 803 1.675 0 0.000 Facility Closed
1627 | PAHospital 2635 3.853 3906 3.510 -8.92%
2007 | Temple 1448 1.839 2412 2.329 25.30%
2008 | Thomas Jefferson 1514 3.387 1785 4.216 17.53%
2706 | AlbertEinstein 1390 2.190 2720 2.874 31.23%
3106 | Episcopal 1309 1.254 0 0.000 Facility Closed
3411 | UnivofPennsylvania 1969 2.492 3360 2.987 19.85%
3919 | Mercy 341 2.345 0 0.000 Facility Closed
4003 | Nazareth 354 2.736 0 0.000 Facility Closed
4213 | Parkview 874 2.086 0 0.000 Facility Closed
9104 | Roxborough 164 1.516 0 0.000 Facility Closed
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Appendix K

Births Per Year of Philadelphia Residents

Percent
Philadelphia Hospital 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | Change from
1996 to 2008
Albert Einstein Hospital 1,390 1,484| 1,909 1,834 1,960 1,992| 1,903| 2,280 2,229( 2,115 2405 2,671 2,720 95.68%
Hospital of the University of PA 1,963 1,984| 2,188| 2,447| 2,495| 2414| 2,675 2,782 2,428| 2,506( 2,593| 2,858 3,360 70.64%
Temple University Hospital 1448 1,731 1,934| 2,093 2,156 2,604| 2482| 2,540| 2,556 2492 2,506| 2,728) 2,412 B6.57%
Pennsylvania Hospital 2,635 2,566| 2,414 2,697 2,766 2,886 2,911 3,031 3,366 3,265 3,664 3,911 3,906 48.24%
Hahnemann Hospital 1,343 413 0 2500 1,3e5| 1,283 1,643 1,904 1,900 1,871 1,824| 1,943| 1,754 30.80%
Thomas Jefferson Hospital 1,514 1,517 1,667 1442 1,519 1463\ 1,657 1,698 1,598 1,673 1,822 1,817 1,785 17.90%
Chestnut Hill Hospital 576 385 612 595 236 813 794 770 728 795 784 844 602 4.51%
Parkview Hospital 74 887 836 820 839 1,045 1,123 352 0 0 0 0 0 -100.00%
Methodist Hospital 240 842 783 794 2847 209 370 0 0 0 Q 0 0 -100.00%
Mortheastern Hospital 803 716 669 637 639 707 760 0 0 0 0 0 0 -100.00%
Episcopal Hospital 1,309 1,217 1,144 1,046 900 45 0 0 0 0 a 0 0 -100.00%
Germantown Hospital 428 271 0 0 0 0 0 0 0 0 0 0 0 -100.00%
Roxborough Hospital 164 177 144 95 0 0 0 0 0 0 0 0 0 -100.00%
City Avenue Hospital 851 1,704 2,154 1,463 0 0 0 0 0 0 0 0 0 -100.00%
Mercy Hospital of Philadelphia 341 289 257 268 257 216 166 51 0 0 0 0 0 -100.00%
Medical College of PA 927 532 0 0 0 0 0 0 0 0 0 0 0 -100.00%
Frankford Hospital 1,364 1,395 1,573 1,847 1,626( 1466| 1,346) 1,173| 1,183 1,112 321 0 0 -100.00%
Jeanes Hospital 463 413 4p2 499 474 445 571 646 697 887 1177 438 0 -100.00%
Mazareth Hospital 354 101 52 0 0 0 0 0 0 0 0 0 0 -100.00%
Total Births at Philadelphia
Hospitals 19,393| 18,204) 18,824| 18,627( 18,679 18,193| 18,401 17,457| 16,685( 16,716| 17,096 17,270| 15,535 -14.72%
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Appendix L:

Patient Growth of Philadelphia OB Facilties

1996 - 2008
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Appendix N:

Staff Staff 2004-2005
Philadelphia Hospital "‘-“'139";:_9'5 M;;"ﬂ;’_em sig:tll?s Philadelphia Hospital Occupancy Rate
1007 5005 for OB Care
Albert Einstein Hospital 50 34 | Open HDEpI-'tEll of the Uﬂi‘u’El’EﬁI‘y’Df PA 107.30%
Chestnut Hill Hospital 16 16 | Closed Temple University Hospital 99.20%
City Avenue Hospital 56 0 | Closed Albert Einstein Hospital 95.70%
Episcopal Hospital 12 0 | Closed Hahnemann Hospital 36.20%
Frankford Hospital 28 14 | Closed
Germantown Hospital 10 0 | Closed Pennsylvania Hospital 85.30%
Hahnemann Hospital 31 20 | Open Thomas Jefferson Hospital 66.20%
Hospital of the University of PA 52 66 | Open Jeanes Hospital 56.60%
Jeanes Hospital 27 18 | Closed Northeastern Hospital 54.90%
Medical College of PA 48 0 | Closed Chestnut Hill Hospital 16.10%
Mercy Hospital of Philadelphia 21 0 | Closed - -
Methodist Hospital 0 0 | Closed Parkview Hospital Closed
Mazareth Hospital No Data 0 | Closed Methodist Hospital Closed
Northeastern Hospital 4 5 | Closed Episcopal Hospital Closed
Parkview Hospital 4 0 | Closed Germantown Hospital Closed
Pennsyhvania Hospital 50 63 | Open Roxborough Hospital Closed
Roxborough Hospital 6 0 | Closed
Temple University Hospital 12 8 | Open City Avenue Hospital Closed
Thomas lefferson Hospital 63 32 | open Mercy Hospital of Philadelphia Closed
Total staff 490 776 Medical College of PA Closed
Frankford Hospital Closed
Mazareth Hospital Closed
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Appendix O:

Areas in Philadelphia in Need of a Total OB Care Facility

All Tracts Greater than 1.5 All Tracts with Greater than All Tracts with Greater than
Miles from an OB Facility 15% Birth Complications 300 Births per Square Mile
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