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Abstract

Introduction

Interfacility transfers may reflect a time delay of definitive surgical care, but few studies
have examined the prevalence of interfacility transfers in the urban low- and middle-income
(LMIC) setting. The aim of this study was to determine the number of interfacility transfers
required for surgical and obstetric conditions in an urban MIC setting to better understand
access to definitive surgical care among LMIC patients.

Methods

A retrospective analysis of public interfacility transfer records was conducted from April
2015 to April 2016 in Cali, Colombia. Data were obtained from the single municipal ambu-
lance agency providing publicly funded ambulance transfers in the city. Interfacility transfers
were defined as any patient transfer between two healthcare facilities. We identified the
number of transfers for patients with surgical conditions and categorized transfers based on
patient ICD-9-CM codes. We compared surgical transfers from public vs. private healthcare
facilities by condition type (surgical, obstetric, nonsurgical), transferring physician specialty,
and transfer acuity (code blue, emergent, urgent and nonurgent) using logistic regression.

Results

31,659 patient transports occurred over the 13-month study period. 22250 (70.2%) of all
transfers were interfacility transfers and 7777 (35%) of transfers were for patients with surgi-
cal conditions with an additional 2,244 (10.3%) for obstetric conditions. 49% (8660/17675) of
interfacility transfers from public hospitals were for surgical and obstetric conditions vs 32%
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(1466/4580) for private facilities (P<0.001). The most common surgical conditions requiring
interfacility transfer were fractures (1,227, 5.4%), appendicitis (913, 4.1%), wounds (871,
3.9%), abdominal pain (818, 3.6%), trauma (652, 2.9%), and acute abdomen (271, 1.2%).

Conclusion

Surgical and obstetric conditions account for nearly half of all urban interfacility ambulance
transfers. The most common reasons for transfer are basic surgical conditions with public
healthcare facilities transferring a greater proportion of patient with surgical conditions than
private facilities. Timely access to an initial healthcare facility may not be a reliable surrogate
of definitive surgical care given the substantial need for interfacility transfers.

Introduction

Emergency and essential surgical conditions account for up to one third of the total global bur-
den of disease [1]. Treatment of these surgical conditions requires delivery of both timely and
definitive surgical care that relies heavily on out-of-hospital emergency care’ (OHEC). OHEC
has proven difficult to systematically examine in low- and middle-income countries (LMICs)
[2]. Given this known challenge, the World Health Organization (WHO) and the World Bank
advocate for the collection, analysis, and interpretation of data that informs a timely healthcare
delivery integral to the achievement of definitive surgical care globally [3-5].

In 2015, the Lancet Commission on Global Surgery set a 2030 target for 80% of LMIC pop-
ulations to have timely access to surgical care within 2 hours [6]. The absolute number or pro-
portion of patients who reach a facility within 2 hours, but still do not receive definitive
surgical care, is not well quantified in the LMIC setting. The “Three Delay” framework helps
assess delay by categorizing delay into three types: 1) delay in deciding to seek care at a facility;
2) delay in reaching a facility; and 3) delay in the delivery of definitive care once at a facility.
These delays have been proposed in maternal-fetal health frameworks to assess a continuum
of delay in low resource settings [7,8]. For LMIC settings challenged by delays in the prehospi-
tal system, a more thorough understanding of interfacility transfers for surgical conditions
may help to identify second and third delay factors of access to definitive surgical care.

With continued emphasis on the need for surgical system strengthening in LMICs, evalua-
tion of interfacility transfer offers an understanding of the nuanced difference between timely
arrival (2™ delay) and delivery of definitive surgical care (third delay). An interfacility transfer
as a unit of analysis may represent a proxy of distinct measurement of second versus third delay,
whereby patients may reach a facility (no second delay), but must be transferred to obtain the
definitive surgical care they need (third delay). Each has very different targets for improvement.

In Colombia, ambulance access is covered through a national free ambulance service for all
Colombian citizens with a large private ambulance sector supplementing transport for those
with private insurance [9]. This provides an ideal setting to study the relationship between
interfacility transfers and access to definitive surgical care. The aim of this study is to deter-
mine the number of interfacility transfers in an urban MIC setting required for surgical and
obstetric conditions to better understand access to a facility that may offer definitive surgical
care for the MIC population.

Methods

A large retrospective review was performed of ambulance transports by Cali’s single public
ambulance agency, Salud Centro, from April 2015 through April 2016. Salud Centro provides
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both emergency transports and interfacility transfers both in and around the city of Cali,
Colombia. An administrative records database was queried for variables including patient gen-
der, age, transport date, origin facility, destination facility, diagnoses code by ICD-9-CM clas-
sification, transport priority level (code blue, emergent, priority, urgent), transferring provider
specialty and receiving provider specialty.

All patients who underwent an interfacility transfer during the study period were included.
Due to the number of patients transported to or from a private home, or public space, we
defined interfacility transfers as transfers in which both the origin and destination facility were
a hospital or clinic by the presence of multiple specialties. Facilities were further categorized by
public vs. private status, based on review of each facilities website or online listing, and whether
they accepted publicly insured patients. All transfers initiated from a home or private physi-
cian’s office, and discharges including transports with a final destination of a home residence,
were excluded.

“Receiving provider specialty” was defined for each transfer by specialty and included emer-
gency medicine, surgery, obstetrics, intensive care, internal medicine, pediatrics, or other special-
ties. We further sub-categorized surgeons by subspecialty including: ear-nose-and-throat (ENT),
cardiothoracic (CT), gastroenterological (GI), general surgery, urology, vascular, surgical oncol-
ogy, orthopedic surgery, plastic surgery, neurosurgery, ophthalmology, and pediatric surgery.

Each patient transport had an associated primary diagnosis which was used to classify
patients by condition (e.g., all fracture codes were grouped as fracture). ICD-9-CM codes were
grouped by author consensus with surgical conditions defined as conditions that may require
care by a surgeon. Obstetric conditions were defined as all diagnoses related to pregnancy or
childbirth and the related complications thereof. The study population diagnoses represented
2,273 unique ICD-9-CM codes in total.

Descriptive statistics for patient characteristics were calculated including means and stan-
dard deviations. Chi squared tests were used to compare categorical variables, and t-tests to
compare continuous variables. Univariate logistic regression was used to calculate the odds
of transfer origin from a public vs. private facility for each triage level and each condition and
transfer priority level. Missing data was handled through complete case analysis. Statistical sig-
nificance was determined at the Type I error rate of a = 0.05. All statistical analyses were per-
formed using the SAS statistical software package version 9.4.

Institutional Review Board (IRB) approval for this study was obtained from Rutgers Robert
Wood Johnson Medical School (Pro 20170000334). The Universidad de Valle shared a formal
data sharing agreement with Salud Centro Ambulance service. IRB and ethics committees at
both institutions waived the requirement for informed consent given all data was de-identified.

Results

A total of 31,659 patients were transported by Cali’s public ambulance system over the study
period. 22250 (70.2%) transports were interfacility transfers originating from 425 different
facilities. Fifty of the 425 facilities (12%) contributed to 90% of the transfers with the top 20
facilities (5%) contributing to 70% of the total transfers. Surgical conditions accounted for 35%
(7,777) of interfacility transfers. Obstetric and gynecologic conditions, and nonsurgical condi-
tions accounted for the remaining 10.2% (2349) and 55.4% (12305) respectively.

17,675 (79.4%) transfers originated from public facilities and 4,580 originated from private
facilities. 49% (8660/17675) of interfacility transfers from public hosspitals were for surgical
and obstetric conditions vs 32% (1466/4580) for private facilities (P<0.001). Public facilities
transferred to other public facilities 61% of the time, while private facilities transferred to other
private facilities, 77% of the time (p<0.0001) [Table 1].
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Table 1. Interfacility transfers.

............................................................... All Transfers (n = 22,255) Transfers for Surgical/Obstetric Conditions (n = 9,987)
Origin Hospital Type | Privaten(%).  Publicn(%) Privaten(%)  Publicn (%)
Number of Transfers 17675 (79) 1466 (15) 8521 (85)

Destination Hospital |

Private

Public

Gender

6676 (40) 1025 (70) : 2610 (23)

Mean Age (years)

*SD: Standard Deviation.

https://doi.org/10.1371/journal.pone.0241553.t001

41.2 (SD* 26.2) : 46.5 (SD 26.4) 40.0 (SD 24.9) : 34.1 (SD 23.8)

A surgeon was the receiving specialist for 6,616 (30.1%) transfers, an internist for 6,000
transfers (27.3%), an obstetrician for 2,805 transfers (12.7%). The proportion of interfacility
transfers initiated by surgeons from public facilities was higher than private facilities (33% vs.
15%; p <0.001) [Table 2].

Fourty-nine percent (10825) of interfacility transfers were emergent (“code blue” or “emer-
gent”). The use of each triage level as an indicator of disease severity was statistically different
between public and private facilities for transfer characterized as code blue (p<0.001), emer-
gent (p<0.001), and urgent (p<0.001). Private hospitals had a higher proportion of transfers
initiated as code blue and/or emergent [Table 3].

The top 21 conditions requiring interfacility transfers included many surgical diagnoses
(ICD-9-CM codes), including fractures, appendicitis, wounds, abdominal pain, trauma, and
labor complications [Table 4].

For patients undergoing interfacility transfer for appendicitis, the odds of the transfer origi-
nating from a public facility were 4.4 times higher than for a private facility (OR = 4.4, 95%
Confidence Interval (CI) 3.3-5.8, p<0.001). For patients transferred for wounds, the odds of
the transfer originating from a public facility were 7.5 times higher than for a private facility
(OR =7.5,95% CI 5.2-10.8, p<0.001]). There were no statistical differences between origin
facility type for fractures (p<0.06), abdominal pain (p<0.63), or trauma (p<<0.92) [Table 5].

Table 2. Transfers by conditions and specialty.

e L P_r.iv_até_!!_(%)_ﬁ ____________________________ Public n (%)
Total 458021 17675 (79) |
Transfer by Condition Type |
_Non-surgical 311468 9014 (51)
_Obstetric 229(5) 2120 (12)
USugicl o lsmeny 6540 (37)
Transfer by Specialty Type |
Jntensive Care 25105 177D
Internal Medicine 827 (18) 5173 (29)
LObstetries e 270(6) - 2535 (14)
LSurgery e 707 (15) L 5909 (33)
Other specialty 2300 (50) : 1080 (6)

https://doi.org/10.1371/journal.pone.0241553.t1002

PLOS ONE | https://doi.org/10.1371/journal.pone.0241553 November 6, 2020 4/11


https://doi.org/10.1371/journal.pone.0241553.t001
https://doi.org/10.1371/journal.pone.0241553.t002
https://doi.org/10.1371/journal.pone.0241553

PLOS ONE Interfacility ambulance transfers in middle-income country

Table 3. Odds of interfacility transfer for public versus private facility based on triage level.

Triage level Private Publicé Odds Ratiog p-value
______________________________________________________ n (%) n (%) O5%CI):
Codeblue 0L 3908 (444-2298): <0000l
Emergent | 1012482 2056(451) (511-1005): <0.0001
Priority | e087(350)° 574(126) (176219 o119
Urgent 473 (2.7) 1888 (41.4) - (37.1-48.3) : <0.0001

! CI: Confidence Interval.
Bolded estimates have a significant Wald Chi-Square p-value, p<0.05.

Table totals are based on complete cases used for regression.

https://doi.org/10.1371/journal.pone.0241553.t003

Discussion

This study reveals up to one-third of patients undergoing interfacility transfers in an urban
MIC setting are transferred for surgical conditions. Common surgical conditions requiring
interfacility transfer from a primary healthcare facility include fractures, appendicitis, wounds,

Table 4. Odds of interfacility transfer originating from a public versus private facility by diagnosis (reference is private).

DiagnosisbyICD9Code |~ n: Publicn (%) ,I_’.r_ivet,?_n,(_%)f .................. 9.‘194?3?‘.19.(.9.5,%,.91*..).3,.,.A........,.,.,.PTY?‘.I,?!?.
Fracwre | 17 992(894) 25(106)° 115(0.99,1.34) - 007
Fever ol 9es 863(942): 102(58)° 2.25(183,277) . <0.0001
Appendicitis | 903 81 (942)  52(58) 440(332,584) <0.0001
Wound | 859 829(965) . 065 7.46(518,1076)  <0.0001
Abdominal Pain | 809 648(80.0) 161200 104(0.88,1.25) 066
Unspecified Medical Condition ' 111 (14.3) 665 (85.7) 0.04 (0.03, 0.05) ° <0.0001

)
)

Cerebrovascular Disease 525 (77.6) 151 (22.3) 0.90 (0.74, 1.08 0.25
Trauma | e 509(79.3) . 133207): 0.99(082,120): 092
Labor complication | 587 58(917) 9083 2.90(216,3.90) . <0.0001
Abortion | 499 470942 2908 429(294,625) . <0.0001
Infection ’ 346 (79.2) 91 (20.8) : 0.98 (0.78, 1.24) : 0.9

ChestPain | b D88 328 4 2)

1,93 (1.40,2.08 <0.0001 .

)
52 (14.4) 1.55 (1.15,2.08)

Seizure 36l 309(856):  52(144)  155(115208) 0 0.0031
Gl#bled | sl 257(826). s4174) 0 124(092,166) 018
Labor s 280000 30 236(163,343) . <0.0001
CHF+ s 256(829) 55170 126(0.93,1.69): 014
COPD++ s 233(766) ey 0.85(0.65,1.11) 1 023
Acute Abdomen 239 (88.5) : 31(11.5) 0.49 (0.34-0.73) : 0.0001

*CI: Confidence Interval;

**MI: Myocardial Infarction;

*GI: Gastrointestinal bleed;

*CHF: Congestive Heart Failure;

**COPD: Chronic Obstructive Pulmonary Disease.

Bolded estimates have a significant Wald Chi-Square p-value, p<0.05.

Totals are based on complete cases used for regression.

https://doi.org/10.1371/journal.pone.0241553.t1004
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Table 5. Interfacility transfers for common surgical conditions.

Surgical Condition | n(%) 0dds Ratio (95% CI") p-value
: 0.07

Wound | #71(39 746(518,1076)  <0.0001
Abdominal Pain | 818(36):  104(088,125) | 0.66
Trauma 652 (2.9) : 0.99 (0.82, 1.20) : 0.92

Odds ratio represent odds of transfer being initiated from a public hospital compared to a private hospital among
patients with each condition. Bolded estimates have a significant Wald Chi-Square p-value, p<0.05,
*CI: Confidence Interval.

https://doi.org/10.1371/journal.pone.0241553.1005

abdominal pain, and trauma. When combined, obstetric and surgical conditions make up
nearly half of all interfacility transfers. These results reveal a previously unrecognized, and
significant, proportion of interfacility transfers that occur due to definitive surgical care being
sought at a second healthcare facility in an urban MIC setting.

Prehospital triage systems rely on the development and implementation of the six WHO
health system building blocks [10]. As it pertains to delay of surgical care and prehospital triage,
Infrastructure and Workforce are two of six building blocks requiring strengthening according
to the Lancet Commission on Global Surgery (LCOGS) within a National surgical, obstetric and
anesthesia plan (NSOAP) [11,12]. Interfacility transfer is a specific example of prehospital triage
within a system’s Infrastructure. Longer transport times have been associated with worse out-
comes and occur as a result of poor Infrastructure and lack of robust health systems [13-16]. In
recognition of how difficult it has been for both low- and middle-income countries to formally
integrate the prehospital system with hospital level healthcare service delivery and outcomes,
calls for action toward important progress in health system strengthening have been made [17-
19]. From the examples above, access to surgical care in LMICs remains a complex interprofes-
sional agenda still needing further multi-agency development and implementation, as well as
specific targets of collaborative evaluation [19-22]. In Latin America, where the majority of coun-
tries are middle income (MIC), prehospital trauma triage avoids time delays to favorably impact
outcomes once definitive care is obtained [23,24]. For example, in Colombia the majority of
ambulances are privately owned and staffed, while the Servicio de Atencién Médica de Urgencia
(SAMU) is the federal subsidized ambulance service for all Colombian citizens [9]. Quality has
been found to be comparable to most higher income countries and is perhaps related to ambu-
lance one hour availability nearly 100% of the time in Colombia [10]. However, large studies sug-
gest Latin American countries may have some of the highest interfacility transfers in the world
with an unknown impact on definitive surgical time [25].

A number of studies have utilized time to arrival to the nearest hospital i.e., first hospital, as
representative of “timely access” to surgical care in LMICs [26,27]. To date, in the largest study
of interfacility transfer and surgical disease to exist, Latin America had the highest delay of
fracture care and the highest proportion of interfacility transfers [25,28]. There were concern-
ing delays in admission to a hospital for fractures in the region, with 88-7% of open fracture,
and 44-7% of closed fracture admissions delayed], with a significant association between such
delays and interfacility transfer [25]. However, it is unknown whether interfacility transfers are
a cause or outcome of second (reaching care) or a third (receiving care) delay. Due to this dual
impact, rates of interfacility transfers could be useful data for improved modeling of definitive
access to timely surgery in MICs, where absolute times of facility arrival, and definitive surgical
intervention data may not be integrated.
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Our findings suggest that “timely access” to a “first” healthcare facility is not a reliable surro-
gate of definitive surgical care given the substantial need of interfacility transfer. Modeling of sur-
gical access has predominantly relied on estimates of patients’ ability to reach a hospital, and do
not account for the possibility of needing an interfacility transfer for definitive surgical healthcare
at a second healthcare facility [26-29]. Thus, models that exclude this large proportion of patients
who undergo transfer, overestimates global “timely access” to definitive surgical healthcare.

Low-income country evidence has shown a survival benefit for trauma and obstetrical
patients when interfacility transfer is more readily available [17,30,31]. When the entire
spectrum of interfacility transfers is considered, including modifying factors of initial pre-
hospital system triage that could potentially circumvent the need for interfacility transfer
altogether, or improving the efficiency and effectiveness of appropriate interfacility trans-
fers when needed, the actual cause or effect of second and third delays can be more pre-
cisely assessed and addressed. As evidenced by the absolute number and proportion of
patients in this study requiring interfacility transfers for surgical conditions, a large popula-
tion of patients stand to benefit from these surgical system preparedness and service deliv-
ery-based considerations crucial to Infrastructure and Workforce strengthening.

The factors of delay in timely and quality surgical care delivery represent tangible targets
for evidence-based policy improvement of access to definitive surgical healthcare. Although
universal health insurance in Colombia has expanded the coverage of healthcare services,
timely and quality delivery of definitive healthcare services is thought to vary among socio-
economic groups and the regional rural-urban geographic divide [32,33]. The Organization
for Economic Co-operation and Development (OECD) reported that vertical integration
between providers and the over ninety-nine public and private health insurers in Colombia
has allegedly contributed to a fragmented healthcare delivery, reduced competition at the pro-
vider level, making it difficult to allocate sparse human resources equitably and efficiently [34].
This vertical integration, whereby healthcare delivery entities may be entwined with individual
insurers, makes a surgical healthcare system that is clinical outcomes based, difficult to assess
and achieve when cooperation is complicated among competitive, cross-sectoral healthcare
facilities and markets. The rate of interfacility transfers from our data may corroborate the
concerns engendered by the OECD’s statement, as definitive delivery of surgical healthcare
requires specialized Infrastructure and Workforce that may not be equitably expanded across
the public and private hospitals within the local healthcare system.

In our study both public and private hospitals utilize the public sector Emergency Medical Ser-
vices (EMS) for interfacility transfers. When considering a common condition such as appendici-
tis, our data demonstrates that public hospitals have a higher proportion of interfacility transfers
for appendicitis when compared to private. The disproportionate rate of public-private interfaci-
lity transfers may reflect the imbalance inherent with vertical integration where private hospitals
are equipped to deliver definitive surgical healthcare via sustainable Infrastructure and Work-
force. Studies in LMICs are replete with respect to the imbalance in healthcare Infrastructure and
Workforce between public and private sectors and the inequitable impact on sub-populations
[35-37].

The fact that the most common conditions being transferred by the public sector in our
study were largely surgical may reflect a system that varies in Infrastructure and Workforce
capacity key to delivering both timely and definitive surgical healthcare. Interfacility transfer,
therefore, must best considered as a solution to the vertical integration allegedly present in
Colombia [33]. Further data surrounding the interface between vertically independent health-
care entities is needed to understand how to best utilize the Infrastructure and surgical Work-
force for the population’s need, especially within competitive markets. Analysis of this data
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could then better direct prehospital and interfacility transfer policies in the MIC towards a
clinical outcomes and equity driven delivery of definitive surgical care.

When we consider the private sector and interfacility transfer, surgical conditions requiring
transfer by private hospitals were more likely to be of the highest urgency level (code blue).
This raises the question of whether private hospitals tend to use the publicly funded ambulance
system for higher acuity patients. Nevertheless, both public and private sector examples in
our study represent a cross-sectoral need for policy development that establishes an equitable
delivery of timely, definitive healthcare in this region. Prioritization of definitive delivery of
healthcare is especially important given the large population burden herein that requires inter-
facility transfer for treatment of emergency and essential surgical and obstetric conditions.

Limitations

Our study examines only interfacility transfers executed through the public ambulance sector
and does not account for transfers provided by the other privately-owned ambulance companies
in Cali. The analyses conducted are based exclusively on administrative data that is limited to
a single public EMS agency and does not include clinical variables other than diagnoses codes
from hospitals. Clinical status of patients undergoing transfer were limited to the triage level initi-
ated at the time of transfer. The clinical outcomes of transferred patients were also not evaluated,
and merging data from local governance, finance, infrastructure, workforce, and service delivery
stakeholders will be critical for this in the future. Although ICD-9-CM codes were used in our
data analysis, local billing practices have an unknown impact on codes chosen and recorded for
individual patients. The above are clear examples of measurement and information bias.
Although some hospitals utilizing the public EMS agency were utilized in our analysis, this
study does not account for the private ambulances operated by individual hospitals. A selec-
tion bias of this magnitude requires a large collaborative cross-agency study to overcome these
limitations in study design. Finally, the formal and informal transfer agreements motivated by
contractual commitments between primary and secondary healthcare facilities and the public
EMS agency, as well as the potential non-clinical, administrative, or confounding variables
associated with reasons why the secondary hospitals are accepting the volume of interfacility
transfers exhibited, were not controlled for in this study.

Conclusion

Surgical and obstetric conditions account for nearly half of all interfacility ambulance transfers
in the urban MIC setting. The most common reasons for transfer are basic surgical conditions,
with public healthcare facilities contributing a greater proportion of interfacility transfers for
surgical conditions. Timely access to an initial healthcare facility may not be a reliable surrogate
of definitive surgical care given the substantial need for interfacility transfers. Further research
towards the nature of inter-hospital interface through prehospital transfer is needed to under-
stand how to best utilize the infrastructure and surgical workforce in MICs.
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