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Abstract

Very sick patients who need specialized health services often require transport from
their community to a regional facility that is appropriately resourced to provide
definitive care for their condition. This is particularly important for people living in
rural and remote areas but can be challenging due to long distances, mountainous

terrain and inclement weather.

The purpose of this research was to improve health service delivery to rural commu-
nities within the study area by identifying whether or not there were inter-facility
medical transport routes within the study area with highly variable or unexpect-
edly long journey times. Select transport characteristics were examined to further
inform decision making related to acute inter-facility transport within the study

area.

The medical records of 418 high acuity patient transports within Southeastern
British Columbia were reviewed in order to capture information about ‘observed’
transport times, locations, and other transport characteristics. A geographic net-
work analysis of each route identified within the study dataset was conducted in
order to estimate ‘expected’ transport times. These expected transport times, in
addition to GoogleMap time estimates, were compared to observed transport times
to determine areas of possible concern within the transport network. A multiple

regression analysis was conducted to identify predictors of transport times.

Observed transport times in the study dataset were generally found to be within a
statistically acceptable range of expected transport time estimates. The only trans-
ports with significantly longer than expected journey times were due to ‘meets’ in
transport. Additional factors such as patients’ clinical categories, mode of trans-
port, and max elevation en-route were predictive of transport times within the

study context.
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1 Introduction

1.1 Motivation

In 1984, Canada adopted the ‘Canada Health Act’—legislation that has set pri-
orities for healthcare in this country over the last 30 years. This Act describes
five pillars of health services delivery in Canada: Public administration, Compre-
hensiveness, Universality, Portability, and Accessibility (R.S.C., 1985). However,
with the established trend towards the regionalization of health services, ensuring
accessible healthcare for people living outside of urban centres has become ever

more challenging (Lin et al., 2002; Schuurman et al., 2006).

Patient transport plays a vital role in providing accessible healthcare to a widely
distributed population (Doumouras et al., 2012). Very sick patients who need
specialized health services often require transport from their community to a re-
gional facility that is appropriately resourced to provide definitive care for their
condition (Grzybowski et al., 2011). Efficient and timely medical transportation
services ensure that people in rural areas can access regionalized health services as

quickly as possible (Schuurman et al., 2006).

In a rural context, this type of ‘inter-facility’ transport often involves long dis-
tances, mountainous terrain and inclement weather (Chanta et al., 2014). On top
of the geographic challenges, the complexity of moving high acuity patients is com-
pounded by the need to ensure that a clinician who has the skill level needed to
safely monitor and maintain a patient’s clinical stability throughout transport is

available to accompany the patient (Brayman et al., 2012).

Time to definitive care has been used as a benchmark in the management of a
number of emergency conditions such as sepsis and stroke (Wallace et al., 2014).

Therefore, having an accurate understanding of how much time it takes to trans-
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port patients between different facilities, and what might influence these times, can
assist in dispatch decision making and system planning (Shin et al., 2013; Sethi
and Subramanian, 2014; Cone and Landman, 2014).

1.2 Study aim

The purpose of this project is to improve health service delivery to rural commu-
nities within the study area by identifying whether or not there are inter-facility
medical transport routes within the study area with highly variable or unexpect-
edly long journey times. Once these geographic areas of possible concern have
been identified within the transport network, associations between transport time
and selected transport and route characteristics will be examined to further in-
form decision making related to acute inter-facility transport within the study

area.

1.3 Research questions

This study was guided by the following research questions:

1. Which routes within the IH inter-facility transport network, if any, display

longer or more variable journey times than expected?
2. Do longer transport distances result in greater variability of journey times?

3. What factors influence inter-facility transport times in the study context?



2 Background

2.1 Study area

Interior Health (IH) covers a 215,000km? area within the Southeastern corner of
British Columbia (BC), Canada (Figure 2.1).! One of five geographically distinct
Health Authorities within BC, TH is responsible for delivering health care services

to approximately 731,000 people spread across 59 communities.

/) British Columbia
- Interior Health

[ Jkm

Figure 2.1: Interior Health, British Columbia, Canada

Health Authorities are further divided into ‘Health Service Delivery Areas’ (HSDA)
and ‘Local Health Areas’ (LHA). These geographic units are used in the organiza-

tion, administration and reporting of health services within the province. Figure

L All maps in this document use the ‘NAD 1983 CSRS BC Environment Albers’ projection.
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2.2 displays population and health service data? aggregated by LHA.? Data pre-
sented in Figure 2.2(a-c) are classified in quartiles with the lowest quartile repre-
sented with the lightest shaded LHAs and the highest quartile with the darkest.
The largest population centers within the Interior are the communities of Kelowna
and Kamloops (Figure 2.2(a)).

~
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[ ]4859-25822

[T 25,823 - 56,509

I 11707 - 25120 I 56.510 - 291,999 \1
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(a) Population (2009/10) (b) Health services (2009/10)

\ !
s Y
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- High : 3004

-4 RO

B 542 K - Low : 106 = ‘

I 43 - 203 — C— km C—— Jkm
(c) General practitioners (2009/10) (d) Elevation

Figure 2.2: Interior Health demography and topography by Local Health Area

The distribution of physicians and health services generally follow population dis-
tribution; however, the higher number of health services in the Cranbrook (East
Kootenays) area indicates that the regional hospital in that community provides
services for the bulk of the population in the surrounding LHAs. Individuals living
outside of the darkly shaded LHAs of 2.2(b) are often required to travel to larger
urban centres to receive specialized health services. The majority of General Prac-

titioners (e.g., physicians providing generalized services) are located in the darkly

2 Health service and population data were obtained from DataBC’s online Data Catalogue:

https://catalogue.data.gov.be.ca (downloaded Dec 14, 2015).
Health boundaries were obtained from the BC Stats website: www.bcstats.gov.bc.ca (down-
loaded Nov 17, 2015).
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shaded LHAs of Figure 2.2(c); individuals within the lightly shaded LHAs have

limited access to family physicians.
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Figure 2.3: Road Network within Interior Health

Due to the Interior’s vast and mountainous geography (Figure 2.2d), transporta-
tion between communities can be long and dangerous, particularly during winter
months.* There are over 20 mountain passes within the region,’ five of which are
on regularly travelled inter-facility medical transport routes. Figure 2.3 shows the

location of these passes along with the road system covering the study area.’

Road quality between communities varies from large three lane highways to poorly

paved, winding single lane roads. Figure 2.4 shows examples of typical winter road

4 Elevation data in Figure 2.2(d) is described in the Methodology section of this document

(Section 3.2.2).

Mountain passes shown in Figure 2.3 are listed on Wikipedia’s Mountain passes of British
Columbia website (accessed Nov 25, 2015) and are located within TH.

Road network data in Figure 2.3 is described in the Methodology section of this document
(Section 3.2.1).


https://en.wikipedia.org/wiki/Category:Mountain_passes_of_British_Columbia
https://en.wikipedia.org/wiki/Category:Mountain_passes_of_British_Columbia
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7

conditions over some of the major roads within the Interior.

DriveBC.ca Dec 20, 2015 10:30:02 AM DriveBC.ca Dec 20, 2015 8:50:14 AM

(a) Okanagan Connector (b) Christina Lake

DriveBC.ca Dec 20, 2015 8:46:02 AM DriveBC.ca Dec 20, 2015 8:50:06 AM

(c) Rock Creek (d) Kootenay Pass

Figure 2.4: BC Highway winter road conditions

2.2 Patient transport within Interior Health

In general, patient transport within BC is the jurisdiction of a provincial Emer-
gency Medical Ambulance Service (EMAS). Each Health Authority, including IH,
uses EMAS vehicles and paramedics (e.g., individuals with Basic Life Support
(BLS) training) to transport their patients.

7 These images were captured from the BC Highways website on Dec 20, 2015.


http://images.drivebc.ca/bchighwaycam/pub/html/www/41.html
http://images.drivebc.ca/bchighwaycam/pub/html/www/157.html
http://images.drivebc.ca/bchighwaycam/pub/html/www/446.html
http://images.drivebc.ca/bchighwaycam/pub/html/www/5.html
http://images.drivebc.ca/bchighwaycam/pub/html/www/index-SouthernInterior.html
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The provincial EMAS provides both pre-hospital transport (e.g., transport from
site of a medical emergency to a hospital) and inter-facility transport (e.g., trans-
port between two health care facilities). Pre-hospital transports generally take
place within city limits and are less than 20 minutes (Patel et al., 2012). In con-
trast, inter-facility transport within the context of this study requires the move-
ment of patients between communities. These transports can be upwards of three

to four hours for patients residing in rural or remote areas.

An additional layer of complexity in inter-facility transport is faced when moving
acutely ill patients. In these cases, patients require more than the BLS level of
support provided by paramedics. Traditionally, a local physician (MD) or reg-
istered nurse (RN) would be required to escort the patient in the ambulance to
ensure patient safety in transport, leaving their communities with diminished, or
no, health services (Brayman et al., 2012). As most acute care services are located
in urban areas of IH, a transport to definitive care could involves hours of driving
through inclement weather and mountainous terrain. This trip is doubled for the
escort who must make the return journey home. For the most time-sensitive cases,
an air ambulance team of Critical Care Paramedics (CCPs) with Advanced Life
Support (ALS) training is also available; however, this service is highly dependant

on weather conditions and availability.

In 2010, TH transport program administrators proposed a new strategy to better
deal with the challenge of high acuity inter-facility transport within IH: High Acu-
ity Response Teams (HARTS). These teams are comprised of RNs and Registered
Respiratory Therapists (RRTs) with advanced critical care transport training. Be-
tween 2010 and 2015, four HARTs were established across IH to support rural
communities with the management and transport of high acuity patients. The full
HART program model is further described by Brayman et al. (2012).

As of 2015, when a request for an IH high acuity inter-facility transport comes to
the provincial dispatch centre, the dispatcher generally chooses from four available
transport resources: Standard EMAS ambulance with two paramedics; RN/MD
escort; HART escort; or a Critical Care Team (CCT) dispatched by air. The

situation and context surrounding each transport is unique and dispatchers must
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make decisions using the best information available to them.

2.3 Theoretical framework

2.3.1 Transport time intervals

There are a number of critical time periods between an initial call to dispatch
requesting a transport and the final transfer of patient care to healthcare providers
at the receiving site (Fatahi et al., 2012; Cone et al., 2015; Giang, Donmez, Fatahi,
Ahghari and MacDonald, 2014). These time periods are summarized in Figure
2.5.

In a UK-based study examining transfer time along the full continuum of transport
intervals (e.g., call to dispatch — arrival at receiving site), Wong and Harris (2015)
found that the correlation between transfer time and transport distance was weak,
as was the correlation with several other environmental factors. They concluded
that the delays might be largely attributable to organizational inefficiencies, likely
resulting from the time intervals prior to the transport team’s arrival to pick the

patient up at the sending site (Wong and Harris, 2015).

As organizational factors influencing transport are beyond the scope of this study
(i.e. data from these time intervals are unavailable), the following analysis will
focus solely on the patient transport time interval (e.g., time between departure
of sending site and arrival at receiving site). The red arrows of Figure 2.5 refer to

these key time periods of interest.

Transport Resource Resource Resource \
) = ; Transferof
Call received resource arrives at departs arrives at care
dispatched Sending Site Sending Site Receiving Site

Figure 2.5: Major time intervals in inter-facility transport
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2.3.2 Factors affecting transport time

Previous studies have examined a variety of factors that are hypothesized to influ-
ence observed transport time (e.g., the actual time it takes to transport a patient
between sending and receiving sites). As journey time equals distance over speed
and distance is generally assumed to remain constant (with the exception of route
detours), it follows that most factors that influence transport time do so by influ-

encing the speed of travel or are due to breaks in transport.

Distance:
*Road Length
«Detours
Speed: \ Breaks in
«Speed limit | transport:
«Weather & terrain «Meets
Traffic flow 4 «Construction
=Patient acuity :
Observed
transport
time

Figure 2.6: Theoretical framework of factors influencing observed transport time

General factors hypothesized to influence journey time through speed, distance, or
breaks in transport respectively are presented in Figure 2.6. Road length and speed
limit are highlighted in this figure as they are the principle road network attributes
from which ‘expected’ transport times are calculated in this study. As this network
analysis is based on retrospective data it is not feasible to accurately account for
route detours or construction. However, this study will further investigate the

impact of environmental factors, rush hour traffic, patient acuity and breaks in
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transport (e.g., meets) on observed transport times.

Road network

A road network describes key attributes (e.g., speed limit, length) for each road
segment in an area of interest and can be used to calculate transport times and
distances for routes of interest between two or more points. The use of GIS for
calculating expected transport times in ArcGIS Network Analyst as well as in
Google Maps is well established (Doumouras et al., 2012; McMeekin et al., 2014;
Fleischman et al., 2013; Wallace et al., 2014; Patel et al., 2012).

In 2012, Doumouras et al. compared ‘routing’ (i.e. calculation of distances using
road networks) to ‘as-the-crow-flies’” (i.e. straight line distance) methodology es-
timates of ground transport journey times in Ontario, Canada. These were the
only two methodologies used to calculate Emergency Medical Service (EMS) ac-
cess to critical care resources used in the literature to that point (Doumouras
et al., 2012). The authors concluded that future methodologies for calculating
EMS ground transport access should make use of routing methodology using valid
routes calculated from road network datasets (Doumouras et al., 2012). In 2006,
Shuurman et al. compared hospital catchment areas derived from as-the-crow-flies
methodology with results derived from road network analysis within the Interior
Health region of BC (Schuurman et al., 2006). As-the-crow-flies methodology re-
sulted in an over-estimation of the population calculated to be within one hour of a
hospital when compared to the results of the network analysis. The authors noted
that using network analysis resulted in more accurate estimates of geographic ac-

cess to health services (Schuurman et al., 2006).

A study published by McMeekin et al. in 2014 explored the use of a generic Ge-
ographic Information System in the comparison of actual versus predicted EMS
transport times in northeast England (McMeekin et al., 2014). In this study, the
authors used a basic road network analysis to determine the quickest route based
on average speed limits for each road type. The authors found that this type

of analysis was valid for transport predictions; however, it was noted that longer

10
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rural transport journeys, very short urban journeys, winter travel and travel in
peak traffic hours were generally under-predicted and would need to be consid-
ered if using this methodology for resource allocation planning (McMeekin et al.,
2014). This study suggests that road network analysis incorporating adjustments
for additional environmental factors would be appropriate for modelling journey

times.

The validity of using routing methodology along established road network datasets
to calculate transport times was further confirmed by Fleischman et al. (2013) in
a study exploring the ability of a Google Map, Global Positioning System (GPS)
based web application to predict ambulance transport times in Multnomah County,
Oregon. The authors of this study used street network speed limits in ArcGIS Net-
work Analyst to estimate transport times. Adjustments to their model were made
based on the results of a linear regression model incorporating patient character-
istics, use of lights and sirens, weather, daylight, and rush-hour time intervals.
Transport times were found to be shorter with the use of lights and sirens, and
longer during daylight and rush-hour time intervals. Wet weather conditions and
patient characteristics such as age and trauma status did not have a significant
impact on transport and were ultimately excluded in the final model (Fleischman
et al., 2013).

In a large study of nearly 30,000 pre-hospital transports in King County, Washing-
ton and southwestern Pennsylvania, Wallace et al. (2014) compared three methods
of estimating transport times: Google Map traveltime®, linear arc distance (e.g.,
straight line or as-the-crow-flies distance), and ArcGIS Network Analyst. The au-
thors found that transport time estimates were within five minutes of observed
transport time for 86.6% of Google Maps estimates, 79% of linear arc estimates,
and 81.3% of ArcGIS estimates.

8

‘traveltime’ is a Google plug-in for the Stata statistical software package (StataCorp, College
Station, TX).

11
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Environmental factors

Environmental factors that influence travel times include terrain characteristics
(Miwa et al., 2006; Haynes et al., 2006) and weather conditions (Fleischman et al.,
2013; Giang, Donmez, Ahghari and Macdonald, 2014; Giang, Donmez, Fatahi,
Ahghari and MacDonald, 2014; Lam et al., 2015).

Roads built through mountainous terrain often have increases in curvature, slope
and elevation to accommodate the underlying topography. These roads are also
subject to extremes in weather, particularly during the winter months. Additional
hazards such as rockslides, avalanches, and wildlife on the road increase the vul-
nerability of these roads. There have been limited studies looking at the impact of
mountainous terrain on medical transport times; however, mountainous topogra-
phy is frequently cited as rationale for accessing a community by air rather than

by ground transport (Shaw et al., 2015).

In a recent study conducted in Ontario, Canada, Giang et al. reported an associa-
tion between precipitation and observed transport times (Giang, Donmez, Ahghari
and Macdonald, 2014). The nature of this association was different for intercity
versus intracity transports. For intercity transports, rain caused delays of 1.7 min-
utes, 8.6% longer compared with no precipitation, and only marginal effects were
seen with snow. Intracity transport (with 48 km median distance) saw delays of
approximately 9.1% (3.1 minutes) with snow, while rain produced delays of 8.4%
(2.9 minutes). The authors concluded that precipitation increased transport times
for inter-facility transfers by eight to ten percent. Snow was associated with the
longest transfer delays between cities but rain was associated with the longest
transfer delays within a city. Similarly, in a study of factors affecting ambulance
response times in Singapore, the authors found that weather (e.g., heavy rainfall),

contributed to delays in response times (Lam et al., 2015)

12
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Traffic flow

Two proxies of traffic flow commonly used in retrospective studies include time of
travel (e.g., rush hours versus non-rush hours) and daytime versus overnight travel
(Fleischman et al., 2013; Wallace et al., 2014). In 2013, Fleishchman et al. found
that daylight, defined as sunrise to sunset, and rush-hour time intervals, defined
as (07:00-09:00) and (16:00-18:30), were both predictive of ambulance transport
times within their study context (Fleischman et al., 2013).

Similarly, Wallace et al. included seasons and time of day in their comparison of
predictive models of transport times. In this case, seasons were grouped into Spring
(March-May), Summer (June-August), Fall (September to November), and Winter
(December to February). Time of day was grouped into four categories considered
to have distinct traffic patterns: morning (06:01-10:00), mid-day (10:01-15:00),
afternoon (15:01-20:00), and nighttime (20:01-06:00) (Wallace et al., 2014). The
authors found that the inclusion of these factors slightly improved the sensitivity of
their models; the greatest differences were found when comparing transport times

on weekday mornings versus weekend mornings.

Although the above studies in Oregon, Washington, and Pennsylvania, USA found
season and time of day to have a significant effect in their models of transport
times, Fatahi et al. (2012) found that month and time a day were not statistically

significant in their study of transport times in Ontario, Canada.

Patient acuity

It is hypothesized that high patient acuity and the related urgency for transport
will result in reduced transport times where possible. In some cases the use of
‘lights and sirens’ reflects this urgency. For example, Fleischman et al. (2013)
found that lights and sirens saved an average of 3.1 minutes for transports under
8.8 minutes and 5.3 minutes for longer transports. Although the median pre-
hospital transport time of 15 minutes reported by Fleischman et al. was much

lower than typical inter-facility transport times seen in the current study, it is

13
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reasonable to assume that a similar trend towards faster transport times for high
acuity patients would be seen. Although data on the use of lights and sirens were
unavailable for this study, there are several other proxies for urgency in transport

that can be used such as stroke or myocardial infarction (HSF, 2015).

Breaks in transport

Long distance medical transports involve more complicated resource planning than
most. For example, if dispatch receives a request for a patient transport that is
estimated to be two hours from the sending site, the time required for the sending
site crew would be over 4 hours (time to sending site, time for patient handover,
and time to return home). If the request comes late in the afternoon, dispatchers
must consider shift changes of the EMAS crew as well as the length of time a
transport resource will be away from their assigned catchment area and unavailable

to provide pre-hospital emergency transport.

In some cases, a ‘meet’ will be coordinated between a transport team based at the
sending community and a team from the receiving community. This will reduce
the amount of time the sending site crew needs to be away from their assigned
catchment area as well as lessen the financial (e.g., overtime payments) and safety
(e.g., sleep deprivation and overwork) related impacts of the transport. Meets may
take place at an ambulance station, hospital, or side of the road near the mid-point
of the transport route. The time it takes for a meet to occur may depend on a
variety of factors such as the complexity of the patient (e.g., longer patient hand-
over time) and the time it takes for both vehicles to reach the meet location (e.g.,
if the receiving site team is delayed, the sending site team may have to wait with

the patient until they arrive).

2.4 Application of GIS

This study makes use of GIS as an integral part of evaluating observed transport

times. Network analysis tools allowed for the identification of most likely routes

14
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between sending and receiving sites. Journey time estimates could then be calcu-
lated using speed limit and distance attributes. Raster analysis and interpolation

functions were also performed to calculate maximum elevation on each route.

Network analysis

The Network Analyst toolbox in ArcGIS 10.2 can perform a variety of analytic
functions on transportation networks such as route, service area, closest facility,
and location-allocation analyses (Figure 2.7). Network datasets that model trans-
portation networks can also be created and maintained using this tool (Mitchell,
1999). The primary function of Network Analyst used in this project was route

analysis.

NetworkAnaI}rst*| lﬁ‘ ..E hr_ E m IStrEEts_ND ']ﬁ% L

MNew Route |

Mew Service Area

Mew Closest Facility

MNew 0D Cost Matrix

Mew Yehicle Routing Problem

Mew Location-Allocation

Options...

Figure 2.7: Analysis functions in ArcGIS Network Analyst

In order to perform analyses within the Network Analyst, a network dataset (e.g.,
a model of the road system) must be created or obtained. A shape file of a road
network can be used to build a network dataset. The dataset will contain the same
attribute information for each road segment, such as speed limit and distance;
however, additional information such as road connectivity is built into the dataset
to allow for more complicated analyses. The network dataset can be augmented
to include a variety of additional information such as road hierarchy (e.g., gives
more weight to road segments of certain road types), directionality (e.g., ensures

correct use of one-way road segments), construction and traffic flow.

Once the network dataset has been created, a route analysis can be used to de-
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Figure 2.8: Network example

termine the ‘best’ route between two or more points on the network. What is
considered the best route depends on the requirements and related impedance set-
tings of the user (e.g., quickest, shortest, most scenic); any valid cost attribute
of the road network can be used as an impedance value (e.g., speed limit or dis-

tance).

Route analysis calculations are based on Dijkstra’s algorithm, a well know algo-
rithm in the field of graph theory used for finding shortest paths (Derekenaris
et al., 2001). As an example, when Dijkstra’s algorithm is applied to a network
such as that of Figure 2.8, a network analysis would consider the value (i.e. cost
attribute) along each edge to determine the shortest path. For example, using this
algorithm to determine the shortest path between N and D in Figure 2.8 would
result in a path from N — S — M — D at a total cost of 1040.

Raster data

A ‘raster’ is a data structure represented by a grid (e.g., matrix of cells) where
each cell is assigned a value (Mitchell, 1999). Rasters generally store information
relating to a single attribute such as temperature or elevation. This is in contrast
to ‘vector’ data, which stores information within the discrete boundaries of points,

lines, or polygons (Mitchell, 1999). The raster data of interest in this project
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represents elevation over the study area and is also known as a Digital Elevation
Model (DEM).

Canada releases a variety of geographic information based on the National Topo-
graphic System (NTS).? NTS maps are produced at a scale of 1:250 000 and 1:50
000, with the 1:50 000 scale maps covering an area of approximately 1000km?.
NTS 1:50 000 scale elevation data was obtained for this project.

In order to work with multiple raster tiles at a time, it is often necessary to
combine them. ArcGIS has several functions to solve this problem within ‘Data
Management Tools — Raster’ including the creation of a Mosaic Dataset, a Raster
Dataset, or a Raster Catalog. Each of these options brings raster datasets together;
however, they differ in how they store the data. The Mosaic Dataset provides the
most flexible option for bringing together large numbers of raster datasets while
minimizing storage requirements (Xu et al., 2013). Once a Mosaic Dataset has

been created it can easily be converted into a single Raster Dataset.

Interpolation is a procedure that predicts the value of an area based on the values
surrounding that area. This has many applications in GIS, where continuous
data (e.g., raster data) is often created by interpolating values across a continuous
surface based on information from a number of strategically selected sample points.
This technique is also used when calculating z-values for a vector feature based
on geographically related elevation data, converting a 2D feature to a 3D feature.
Interpolation methods such as ‘linear’ and ‘nearest neighbours’ are available for

use within this function.

Stack profiles are another way of examining raster data values over a line feature.
This tool provides both a table of elevation values for every line segment and
an associated graph. When using this tool to calculate elevation over a transport
route, it is possible to identify min and max elevation as well as related information

such as maximum slope and the number and size of hills along the route.

Each of the above functions were used to inform this project and are further

described in the Methodology section below (3.2.2 Raster analysis).

9 Visit www.nrcan.gc.ca for more information on the NTS system.
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3 Methods

Administrative and geographic data were used to evaluate medical transport times
and associated predictive factors for this project. The methods described in this
study are grouped into three sections below: Data collection, geographic analysis,

and statistical analysis.

This study was reviewed and approved by the University of British Columbia
(UBC) Behavioural Research Ethics Board (REB) in harmonization with the In-
terior Health REB (H15-03038).

3.1 Data collection

A medical chart, also know as a medical record, contains all of the documen-
tation relating to a patient’s stay within the hospital. Some information may
be documented and stored electronically (i.e. as an ‘Electronic Medical Record’
(EMR)), other information may be documented on paper. All of the paper doc-
umentation relating to a patient visit is bound together in a ‘chart’. When the
patient is discharged from the hospital their paper chart is then stored in the med-
ical records department of that facility. Information required for this study was
primarily within emergency department records, patient transport records, and
nursing notes — all of which were paper-based within Interior Health during the

time period of this study.

A retrospective chart review of high acuity inter-facility patient transports was
conducted in order to collect information about transport times and other pa-
tient transport characteristics. After identifying high acuity patient transports
that took place between Apr 1, 2011-Mar 31, 2015 and met all other selection

criteria outlined within Table 3.1, the corresponding paper charts were pulled and
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reviewed. The author travelled to each of the five study sites (i.e. Kelowna, Kam-
loops, Cranbrook, Trail, and Penticton) to review and abstract data from these

charts in person.

3.1.1 Sample selection

This study was focused on inter-facility transports. Only transports of those pa-
tients who had been admitted to an Emergency Department and then transferred
to a higher level of care (e.g., the Emergency Department of another hospital) were
selected for review. Patient acuity was determined using the Canadian Triage As-
sessment Scale (CTAS). This scale is used to inform triage decision-making in
Canadian Emergency Departments — a CTAS score of 1 is assigned to the most
acute patients (e.g., Patients need to be seen by a physician immediately 98% of
the time) and 5 is assigned to the least acute patients (e.g., Patients need to be

1 Only patients who

seen by a physician within 120 minutes 80% of the time).
had been assigned a CTAS score of 1 or 2 were selected for this study (see Table

3.1).

Several electronic databases were used to identify patient transports meeting the
sample selection criteria presented in Table 3.1. A random selection of 200 HART
patient transports that met the selection criteria were identified by the systems
analyst responsible for HART data systems. Information from the HART elec-
tronic Patient Care Record (ePCR) was joined with that of the Digital Abstract
Database (DAD) using a unique identifier. The resulting sample reflected the rel-
ative transport volume to each of the base sites of interest. The earliest transport
date cut-off (i.e. Apr 1, 2011) was selected as the start of the first fiscal year in
which HART was fully established. An additional 218 transports that met selec-
tion criteria but were not in the HART ePCR (e.g., assumed to be non-HART
transports) were also selected for inclusion in the study sample. These transports
were case matched to reflect the distribution across clinical categories and base

sites in the HART sample (i.e. A roughly equivalent number of non-HART trans-

L More information regarding CTAS scores and implementation guidelines can be found by

visiting www.caep.ca.
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Table 3.1: Selection Criteria

Inclusion Criteria Exclusion Criteria
e Inter-facility transports e Non-acute/scheduled transports
e Adult transports (ages 16-65) e Pediatric transports
e Admitted directly to ED e Pre-hospital transports
e CTAS 1 and 2 e CTAS >3
e Transported Apr 1, 2011-Mar 31,
2014

e Clinical category: neurological, car-
diac, respiratory, sepsis, and trauma

ports from each of the base sites and in each of the clinical categories were selected

for this study). In total, 418 patient transports were selected for review.

3.1.2 Tool development

The data abstraction tool used for this study was developed in consultation with
HART clinicians and administrators within ITH. Data elements included relevant
transport time stamps, locations (e.g., sending site and receiving site), physiolog-
ical parameters (e.g., patient vitals) and medical intervention information. The
tool was piloted on 20 charts and subsequently revised for brevity and clarity. The
primary revisions included a reduction in the amount of detail collected about
medical interventions as well as decreasing the time period of interest at the re-
ceiving site. Revisions to the data collection tool reduced the time required to
abstract data for a single transport from approximately one hour to fifteen min-
utes. A summary of the data elements collected within the final data abstraction

tool is presented in Appendix A.

3.1.3 Data abstraction

Chart reviews took place at each of the five receiving sites of interest from Oct

2014-May 2015. Data were input into a password protected Excel spreadsheet and
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stored on a protected network. All data entry was done by the author; however,
HART clinicians assisted in reviewing and interpreting the clinical aspects of the
medical records. A HART clinician was available to assist at all sites except one.
If clinical questions arose and a HART clinician was unavailable, the issue was
documented and flagged for further follow-up. Documentation missing from the
receiving site charts were requested from sending sites in follow-up to the main

data collection process.

3.2 Geographic analysis

A number of geographic analyses were conducted in ArcGIS 10.2 to derive route
characteristics such as accumulated journey time and distance as well as elevation

profiles and maximum elevation.

3.2.1 Road network analysis

Network analysis was conducted using ArcGIS 10.2 Network Analyst. Accumu-
lated transport times along all routes of interest were calculated based on route
distance and speed attributes. The DMTI CanMap Route Logistics 2014 road
network file, produced by DMTI Spatial Inc., was first converted into a network
dataset with travel time added as a cost attribute for the network dataset. All
hospital locations present in the study dataset were geocoded for use as network
locations. A route analysis was then conducted for each of the 38 unique routes
identified within the chart review (Figure 3.1).

Expected transport times

Fastest routes and associated accumulated travel time and distance for each route
were calculated using travel time as the primary impedance attribute within Net-
work Analyst. Travel time and distance estimates were also calculated in Google

Maps for comparison. Each route derived from the Network Analyst was reviewed
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Figure 3.1: Route analysis example: Salmon Arm to Kelowna

using Google Maps results and personal knowledge of regional transport routes to

confirm the route solver was returning valid solutions.

3.2.2 Raster analysis

Canadian Digital Elevation Data (CDED) covering the study area were down-
loaded from GeoBase in November 2015 (GeoBase, 2007; Natural Resources Canada,
2015). Figure 3.2 shows the NTS grid structure for the study area where each red
box represents a 1:250 000 tile comprised of 32 green boxes, each representing
a 1:50 000 tile. In total, 642 composite tiles were mosaicked together using the
Raster function in ArcGIS Data Management Tools and clipped to cover the full

study area.

The resulting DEM was used to create contour maps of the study area using the

Contour function in 3D Analyst, Raster Surface Tools. It was also used to create
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Figure 3.2: Mosaic of DEM tiles over study area

elevation profiles for all unique routes in the study dataset, first by using the
Interpolate Shape function on the road network and the Stack Profile function in
3D Analyst, Functional Surface Tools for each route. These profiles were reviewed
to identify the maximum elevation of each route. Figure 3.3 presents several views
of the route between Trail and Kelowna as well as a display of elevation change in

meters.

Route: Trail - Kelowna
Local Health Areas Distance (km) (316 km)

KELOWNA

Figure 3.3: Elevation profile example: Trail to Kelowna
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3.3 Statistical analysis

In order to answer each of the research questions in this study, information from
the previous sections were collected or calculated and compiled into a complete
dataset. The data were further examined using the statistical methods described

within this section.

3.3.1 Descriptive statistics

Of the 418 charts reviewed in this study, 69 were excluded from the analysis due to
ineligible mode of transport (i.e. air transports) or incomplete time-stamp data.

The final dataset consisted of 349 transports.

Observed transport times were calculated using the difference between the ‘depart
sending’ and ‘arrive receiving’ time-stamps identified in the chart review for each
transport. Each route represented in the study dataset was assigned a unique
route ID. The Median, Median Absolute Deviation (MAD), Inter Quartile Range
(IQR) and other measures of variance of observed transport time were calculated
for each route represented in the study sample. Observed transport times were
evaluated against expected times for each route with more than ten cases using
the Wilcox Signed-Rank Test (wilcoz.test, stats package (R Core Team, 2015)) and
the Sign Test (signTest, EnvStats package (Millard, 2013)) in R (R Core Team,
2015).

3.3.2 Heteroscedasticity

Heteroscedasticity is a measure of unequal variance of residuals over the range
of a variable of interest. In this case, a measure of the variance of residuals of
observed transport time by distance was used to determine whether or not the
variance of observed transport times increased with distance travelled. Two tests
were used to determine whether or not residuals were heteroscedastic: White’s test
(whites.htest, het.test package (Andersson, 2013)) and the modified Breusch-Pagan
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test (bptest, Imtest package (Zeileis and Hothorn, 2002)). Both were calculated in

this study to ensure results were robust to the method used.

3.3.3 Regression

A regression analysis is a process that estimates the relationships between a re-
sponse variable and one or more independent variables of interest. There are many
techniques available for conducting a regression analysis. This project makes use
of a (backwards) stepwise selection strategy to identify which independent vari-
ables are statistically significant predictors of the response variable. This multiple
regression analysis was performed in R using both adjusted R? and P-values to
determine if the result was robust to the statistical parameter used to evaluate the
model. Each of the variables considered for use within the full model are outlined

below:

(1) Expected time: Expected transfer times were calculated for each route within
the study. These times were calculated using accumulated distance and speed
based on road segment length and speed limit in ArcMap. Expected travel times

were also calculated in Google Maps for comparison.

(2) Elevation: Elevation data (in meters) for each route were calculated by
interpolating elevation values from a DEM raster. Maximum elevation for each
route was identified and used in this analysis. Elevation cut-offs points were also
examined but were not used as part of the full regression model due to known

limitations of dichotomized quantitative variables (MacCallum et al., 2002).

(3) Mountain passes: A mountain pass is a route over a ridge or mountain
range. This boolean variable was used as a proxy of mountain driving conditions

within the regression analysis.

(4) Time of day: Time of departure from the sending site was coded to capture
the following driving intervals: morning rush (07:01-10:00), daytime (10:01-15:30),
afternoon rush (15:31-18:30), and nighttime (18:31-0:700). Rush hours in this
study are slightly smaller (3 hours with peaks at 08:30 and 17:00) than what may
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be assigned in a larger urban centre as traffic volume is lower within IH than in

more heavily populated areas.

(5) Season: The date of departure from the sending site was coded into four sea-
sons: Spring (March-May), Summer (June-August), Fall (September to Novem-
ber), and Winter (December to February).

(6) Meet: This boolean variable captures whether or not two transport teams
met and transferred patient care in transport. Separate regressions were also run
on a subset of data that excluded transports involving a meet to ensure that high
leverage residuals (due to meets) were not influencing the final variables and related

coefficients included in the best fit model.

(7) Transport resource: Transport resource refers to the make-up of the trans-
port teams who were dispatched on each transport. Three transport resource
options were included within this analysis: EMAS alone, EMAS with HART and
EMAS with a MD/RN escort.

(8) Clinical category: A proxy for patient acuity, the clinical categories included

in this study were respiratory, neurological, cardiac, trauma and sepsis.

(9) Stroke: Another proxy for patient acuity, stroke or suspected stroke cases
are particularly time sensitive. This boolean variable was coded yes or no for

suspected stroke.

(10) Intubation: Intubation is a common intervention to assist in airway man-
agement. Although intubation can be seen as another proxy for patient acuity,
this boolean variable likely behaves differently with respect to transport time than
the other measures in this study. Whereas a fast transport time is considered to be
the intervention for a stroke patient, an intubated patient may be associated with
longer transport times due to the added clinical complexity of managing intubation

in transport.

Hourly climate data, including temperature and weather conditions, were available
for approximately 13% of the dataset at the sending site and 72% at the receiving

site from Environment Canada’s Historic Climate Data website. This variable was
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excluded from the regression analysis due to the large amount of missing data and

the low occurrence of rain or snow within the available data.

Dummy coding was applied to all categorical variables within R. Upon examina-
tion of the model residuals, transports involving a meet were also removed from
the dataset in a secondary analysis due to the high leverage of corresponding

residuals.

A number of regression diagnostics were performed to ensure that the basic as-
sumptions of a linear regression such as linearity, normality, and homoscedasticity
were met (Mitchell, 2005). As the assumption of homoscedasticity was already
hypothesized to be violated, model inference was made using heteroscedasticity-

corrected covariance matrices (HCCM).
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4 Results

4.1 Evaluation of transport times

Network analysis identified most likely routes between each sending and receiving
site within the study dataset based on distance and speed limits. These routes are

presented in Figure 4.1.
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Figure 4.1: Transport routes within the study dataset

Journey times, both expected and observed, were calculated for all 38 unique
routes found within the dataset. The number of cases along each route varied

between 1 and 25.

A comparison of expected transport times calculated using Google Maps versus
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those calculated using ArcMap showed that both estimates were similar and highly
correlated to observed transport times. A summary table displaying transport time

percentiles is presented in Table 4.1.

Table 4.1: Transport times by percentile

Statistic Min  Pctl(25) Median  Pctl(75)  Max
Observed Time 18 o4 75 108 461
Expected Time (ArcMap) 24.5 45.0 83.7 102.7 276.4
Expected Time (GoogleMap) 29 50 78 104 284

Google Maps estimates had a slightly higher correlation with observed transport
times in the full dataset than the ArcMap analysis (R? of 0.893 versus 0.872). This
is consistent with previous findings comparing the results of a generic network
analysis with that of Google Maps (Wallace et al., 2014). This may be partly due
to the amount of traffic flow data that is available to Google that has allowed for
improvements in their time estimate algorithms. Both Google Maps and ArcMap

time estimates were used to evaluate observed transport times.

Measures of variance including Median Absolute Deviation (MAD) and Standard
Deviation (SD) of the difference between observed and expected transport (Ar-
cMap) time were calculated in R using the stats package (R Core Team, 2015).
The MAD represents the extent to which data deviates from the median, irrespec-
tive of the direction of the deviation. In contrast to SD, MAD is a measure of
variance that is robust to outliers. For example, Figure 4.2a presents data for all
349 transports, including 23 transports where a meet took place. The inclusion of
meets in transport resulted in greater differences between observed and expected
transport times and a right skewed distribution of observed transport times. The
MAD and SD of the complete dataset were 12.01 and 21.43 minutes respectively;
however, when ‘meets’ were excluded from the dataset (Figure 4.2b, the associated
MAD and SD were 11.42 and 12.69 minutes respectively.

Although MAD is a robust measure of variance, sample sizes equal to or smaller
than ten are found to be unreliable and overestimated (Harding et al., 2014).

Therefore, only the 15 routes with more than ten cases in the study dataset
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Figure 4.2: Distribution of difference between observed and expected transport
times

are presented in Table 4.2 below (23 routes with fewer than ten cases were ex-

cluded).

The Sign test and the Wilcoxon signed rank test were used to compare observed
times with expected time estimates. When analyzed across the full dataset, neither

test showed a statistically significant difference between these two variables.

The Sign test was also used to evaluate observed versus expected transport times
for each of the routes presented in Table 4.2. This test is a non-parametric test
of the null hypothesis that a median is equal to a user-specified value, in this case
the expected transport time, and creates a confidence interval for the median.
Of the 15 routes, the median observed transport time along three routes differed
significantly from ArcMap estimates; however, these differences were not detected
when comparing observed transport time to Google Map estimates. There were
no routes that had a statistically significant difference between observed time and

both ArcMap and Google Map calculated transport time estimates.

This finding reinforces the validity of using journey time estimates from route anal-
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Table 4.2: Summary of observed journey times by route

Observed Time (minutes)

Sending Receiving N Dist (km) Median MAD  IQR  Range
Ashcroft Kamloops 25 94 65 8.9 11 42
Merritt Kamloops 23 85 54 8.9 9 35
Oliver Penticton 23 40 39 10.4 13 35
Salmon Arm Kamloops 22 111 79 9.6 12 40
100 Mile House Kamloops 21 196 135 7.4 10 74
Keremeos Penticton 20 46 41 5.2 8 37
Castlegar Trail 17 29 29 5.9 6 22
Nelson Trail 17 70 58 5.9 8 34
Creston Cranbrook 16 107 75 8.9 14 34
Invermere Cranbrook 14 135 91 8.9 13 50
Princeton Penticton 14 115 86 12.6 15 41
Fernie Cranbrook 13 97 66 5.9 9 35
Clearwater Kamloops 12 125 93 18.5 18 44
Grand Forks Trail 11 108 84 11.9 14 61
Lillooet Kamloops 11 171 128 10.4 23 70

ysis; however, it is also important to note that this is an exploratory analysis of
pilot data with sample size limitations (i.e., low numbers of transports along indi-
vidual routes). Future data collection (or access) using an a priori determination
of which routes to include within the study will be required to achieve appropriate

statistical power.

4.2 Variability of transport times

An examination of observed versus expected transport times showed increased
heteroscedasticity with distance (Figure 4.3(a-c)). This finding was confirmed

with a positive studentized Breusch-Pagan test (BP=56.96, p < 0.01).

Meets in transport introduced a high degree of uncertainty in transport times.
Although meets had a relationship with distance (e.g., most commonly took place

on longer transport routes), the resulting delays were not proportional to distance
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Figure 4.3: Distribution of residuals of observed versus expected transport times

and ranged from minutes to hours. To ensure that the variability seen in the
residual plot was not driven by delays due to meets in transport, these cases (n=23)
were removed in a secondary analysis (Figure4.3 (d-f)); however, the studentized

Breusch-Pagan test remained positive (BP=24.80, p < 0.01).

4.3 Factors influencing transport times

Regression analysis was conducted on the full dataset (1) as well as a subset of the
data excluding meets (2). Variables with coefficients that were not statistically
significant at the «=0.05 level were removed to create a best fit model. The most

parsimonious model for the dataset without meets included the same four predictor
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variables as the the analysis of the full dataset. The presence of a meet was also

a statistically significant predictor in the full dataset.

Tables 4.3 and 4.4 show the regression coefficients for both multiple regression
analyses (i.e. analysis of full dataset and analysis of subset excluding meets). Sta-
tistically significant results are denoted by one or more asterisks depending on
the level of significance. Standard error is presented in brackets to the right of
each regression coefficient. Table 4.3 shows the results of these multiple regres-
sion analyses using ArcMap time estimates while table 4.4 uses Google Map time

estimates.

Table 4.3: Regression results (ArcMap time estimates)

Dependent variable:

Observed transport time (in minutes)

(1) (2)

Meets No Meets
Intercept —8.06™ (3.16) —3.66" (2.16)
Expected Time 0.98** (0.02) 0.94** (0.02)
Elevation (m) 0.01*** (0.00) 0.01*** (0.00)
Type: Neuro —7.50** (2.92) —7.79"* (2.03)
Type: Resp 2.42 (2.73) 1.78 (1.84)
Type: Sepsis 4.13 (4.37) 3.67 (2.89)
Type: Trauma 3.27 (2.52) 1.69 (1.73)
Transport: Escort —3.44 (3.76) —3.56 (2.49)
Transport: HART 5.55** (2.04) 5.65*** (1.40)
Meet 4587 (4.26)
Observations 349 326
R? 0.910 0.932
Adjusted R? 0.908 0.930
Residual Std. Error 17.66 (df = 339) 11.65 (df = 317)
F Statistic 381.73** (df = 9; 339) 540.14** (df = 8; 317)
Note: “p<0.1; *p<0.05; ***p<0.01

Although the previous finding of heteroscedasticity confirmed that variability in

transport time increased with distance, it also violates a basic assumption of re-
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Table 4.4: Regression results (GoogleMaps time estimates)

Dependent variable:

(1)
Meet

Observed transport time (in minutes)

(2)
No Meet

Intercept
Expected Time
Type: Neuro
Type: Resp
Type: Sepsis
Type: Trauma
Transport: Escort
Transport: HART
Meet

Mountain Pass

—6.25"* (2.38)
1.07** (0.02)
—9.07"* (2.67)
2.91 (2.49)
4.49 (3.99)
3.43 (2.29)
—0.52 (3.42)
4.64 (1.86)
42.39"* (3.90)

—4.03" (1.80)
1.06* (0.02)

—8.94™ (2.03)
2.30 (1.83)
3.675 (2.89)
1.48 (1.73)

—1.16 (2.49)
5.54*** (1.40)

—9.94*** (2.48)

Observations

R2

Adjusted R?
Residual Std. Error
F Statistic

349
0.925
0.923

16.13 (df = 340)
522.79° (df = 8; 340)

326
0.932
0.930

11.63 (df = 317)
541.90*** (df = 8; 32)

Note:

ression analysis: uniform variance. To correct for this ite’s heteroscedasticity-
| it T t for this, White’s het dasticit

corrected covariance matrices (HCCM) were used to make inferences in this anal-

ysis.

The explanatory variables within the model included expected (ArcMap) trans-
port time, clinical type, elevation, and the mode of transport. The linear regression
using the full dataset was able to explain 91.0% of the variance within observed
transport times, whereas the linear regression using the dataset with meets ex-
cluded was able to explain 93.2%. In comparison, a single linear regression looking
only at the response variable (observed transport time) as a function of distance

was able to account for 85.0% and 90.6% of the variance in the full dataset and

*p<0.1; *p<0.05; **p<0.01

subset of data excluding meets respectively.
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CHAPTER 4. RESULTS

The Box Cox power transformation corrects non-normal data, allowing for statis-
tical analysis tools to function under conventional assumptions. Lambda ()), the
suggested power transformation, was calculated for each regression model. Re-
sults indicated a square root transformation (A = 0.53) of the dependent variable
(observed transport time) for the regression with meets included and a two-thirds
power transformation (A = 0.63) for the regression with meets excluded. How-
ever, power transformation of the dependent variable (BoxCox, MASS package
of R (Venables and Ripley, 2002)) did not effect significance of the explanatory

variables selected in the best fit model.

Interestingly, running the same regression with expected transport times calculated
in Google Maps (rather than ArcMap) did not find elevation as a continuous
variable to be statistically significant. Rather, it selected the variable ‘Mountain
Pass’ as significant predictor within the model (Table 4.4). The presence of a
mountain pass was also found to have an opposite effect on transport time in this
model (e.g., presence of a pass predicted faster transport times) than what was

hypothesized and seen in the previous regression using ArcMap times.
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5 Discussion

An examination of some of the most frequently used inter-facility transport routes
within TH showed that, although variability of transport times increased with dis-
tance, no routes had significantly longer than expected transport times that could
not reasonably be accounted for by the presence of a meet in transport. Regression
analysis showed that a meet in transport increased transport time by an average
of approximately 42 minutes in this study dataset (see Table 4.4). This finding, in
addition to the fact that meets often already took place on longer distance trans-
ports, underscores the importance of ensuring that this process is as efficient as

possible.

Statistically, transport times were found to have greater variability as distance
increased (e.g., exhibited heteroscedasticity). This finding also displayed face va-
lidity as longer transport times were generally associated with greater measures
of variability (e.g., MAD, IQR and range). For example, routes with distances
greater than 100km generally had the highest IQRs (e.g., 10 minutes or higher).
A notable exception was the transport route between Oliver and Penticton which,
although it was only 40km, had a MAD of 10.4 minutes and an IQR of 13 minutes.
In comparison, another route of a similar distance (between Keremeos and Pen-
ticton) had a MAD of 5.2, and IQR of 8. This may warrant further investigation
of transport data from Oliver to Penticton to determine if there are any areas of
improvement on this route. Conversely, the route between 100 Mile House and
Kamloops provided a positive exception. Despite being a 196km, the associated
MAD and IQR on this route were 7.4 minutes and 10 minutes respectively (see
Table 4.2).

In this study, several proxies for mountain driving conditions were examined. Ele-
vation was found to be the best proxy of the variables used within this analysis with

each meter of elevation increasing the estimated transport time by 0.01 minutes
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CHAPTER 5. DISCUSSION

(see Table 4.3). To provide another picture of how elevation influenced trans-
port time estimates, elevation was also analyzed as a dichotomous variable (e.g.,
low elevation transports (< 1250m) versus high elevation transports (> 1250m)).
High elevation transports were, on average, found to be 12.5 minutes slower. It is,
however, also important to note that high elevation is associated with other char-
acteristics relating to mountain travel in this study context (e.g., winding roads
and poor road conditions). Although this finding supports the general assertion
that mountain road conditions negatively impact transport times, it may not be
generalizable to different study contexts where high elevation is not associated

with the same characteristics.

When GoogleMap time estimates were used as a predictor of observed transport
times (rather than ArcMap predictions), the significance of elevation in the final
model disappeared (see Table 4.4). This is likely due to the fact that GoogleMap
incorporates additional information such as traffic flow data on major transport
routes to inform its time estimates. I hypothesize that this information already
accounted for the changes in speed associated with mountain travel and the use
of elevation as an additional parameter was made redundant. In this sense, the
simplicity of the ArcMap road network, incorporating only speed limits and road
lengths, may be of benefit when examining factors that influence travel speeds and

overall transport times.

The variable for ‘Clinical Type’ was found to be the best predictor of patient acuity
within the model. Neurological cases (e.g., including stroke and related disorders)
were found to be an average of 7.5 minutes faster (p=0.01) than non-neurological
cases as classified by this variable. Due to the correlation between ‘Clinical Type’
and ‘Stroke’ (a separate boolean variable), these two variables could not be used
in the same model. However, when ‘Clinical Type’ was excluded from the model,
the variable ‘Stroke’ showed similar results to that of the neurological cases of
‘Clinical Type’ (e.g., Stroke cases were an average of 7.8 minutes faster (p=0.05)
than non-stroke cases). Other clinical types such as Sepsis and Respiratory cases
were associated with slightly slower transport times; however, these coefficients

were not found to be statistically significant.
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CHAPTER 5. DISCUSSION

HART transports were, on average, found to be 5.6 minutes slower than non-
HART transports (p=0.00). However, this warrants further examination as it is
unclear whether this finding reflects differences in documentation practices, clini-
cal complexity, or other factors. When conducting chart reviews for this study, I
found notable differences in documentation practices for each of the three transport
resources. All transports are driven by EMAS paramedics and have a standard
EMAS form associated with them; however, the degree of detail available in this
documentation (and the availability of more detailed supplementary documenta-
tion) depended on whether or not there was also a HART or a RN/MD escort on
the call.

Due to the fact that the HART program is unique to IH and specializes in high
acuity transports, the program has a heavy focus on Quality Improvement (QI)
processes and requires its clinicians to complete relatively detailed supplementary
documentation for each transport. This focus on the importance of documentation
and charting practices may have resulted in greater specificity when writing out
times stamps (e.g., writing out actual times rather than rounding to the nearest
five minutes or borrowing initial transport time and vitals from the sending site

hospital charts).

In contrast, transports that were escorted by a RN or MD did not have the same
standardized documentation and charting practices; there did not appear to be
a standardized form available to RNs/MDs for the purposes of clinical charting
in transport (at least not that was commonly used). It may also be that, due
to the limited frequency with which rural RNs/MDs are called upon to escort
patients, these clinicians have limited familiarity with transport documentation

best practices.

The finding that neither season nor time of day were predictive of observed trans-
port times may be a reflection of the differences between intra and inter city
transport. While intra city transport is subject to higher population densities and
associated traffic volume at peak hours, these patterns may not effect inter city
transport to the same degree. This finding is in agreement with suggestions that

time of day and season may not be representative of traffic conditions and weather
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CHAPTER 5. DISCUSSION

respectively, particularly in the context of inter-facility transport (Fatahi et al.,
2012).

5.1 Limitations

Data were obtained through chart reviews—a resource intensive and time consum-
ing process. Although this methodology allowed for the collection of more detailed
information than could be found in available electronic databases, it also placed
practical restrictions on the study sample size. As such, this pilot study and as-
sociated exploratory analysis is primarily intended to inform further development

of transport processes within IH and to guide future research.

Another limitation of this study was the inability to identify air transports or
ground transports with RN/MD escorts using current electronic databases. This
had further implications for the sample sizes available in each of the transport
resource groups as it was only possible to identify whether a non-HART transport
was associated with an Air transport or RN/MD escort by reviewing the paper
chart. This made it difficult to obtain enough RN/MD escort cases to achieve an

appropriate power for comparative analysis between transport groups.

The previously mentioned differences in documentation practices places additional
limitations on the inference that can be made regarding how transport times differ
between different transport groups. Further work to standardize documentation

practices between these groups is recommended.

Finally, a methodological challenge in the comparison of retrospective data with
transport time estimates on a single road network dataset is the inability to in-
corporate factors such as construction or road network changes that occurred over
time. This challenge may have been partially mitigated by the fact that most
transport routes in this study dataset relied on well established and heavily trav-

elled segments of the road network.
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6 Conclusion

The goal of this research was to promote the accessibility of healthcare services
within Southeastern BC by examining medical transport times across the region—
identifying areas for improvement as well as potential predictors of transport time

within the study context.

The use of GIS provided critical information for this study. Transport time es-
timates derived from network analysis of inter-facility medical transports (in Ar-
cMap) allowed for the evaluation of observed transport times. The results of this
network analysis also provided a geographic reference that allowed for the inter-

polation of elevation values over each route.

Q1: Which routes within the IH inter-facility transport network, if any, display

longer or more variable journey times than expected?

All transport routes that were formally evaluated against expected transport times
were found to have a median time within a statistically acceptable range (when
assessed against expected transport times calculated in ArcMap in addition to

Google Maps).
Q2: Do longer transport distances result in greater variability of journey times?

Transport routes generally had greater measures of variance (e.g., MAD and range)
as distances increased. This finding was consistent with a statistically significant
level of heterscedasticity observed in the residuals of observed transport time with

increasing distance.
Q3: What factors influence inter-facility transport times in the study context?

Several predictors of transport time within the study context (including proxies

for patient acuity, route elevation, mode of transport, and the need for a ‘meet’ in
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CHAPTER 6. CONCLUSION

transport) were identified and warrant further exploration to determine whether

they have a similar influence on transport times in different contexts.

The majority of research relating to medical transport to date has been focused
on pre-hospital transport in an urban context. This study contributes a rural
perspective to current medical transport literature with a unique focus on inter-

facility transport.
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Appendix A: Data Collection Tool

Patient ID:
Sending Site: HART Transfer? (Y/N):
L. ER Admit Date: HART Service Area / BCAS Location:
Admission o et Time: Transfer Date:
Arrival Mode: Mode:
CTAS: Transport #RNs:
Airway? (Y/N): Details #RTs:
Breathing? (Y/N): H#BCAS EMTs:
mm Circulation? (Y/N): Other Escort? (Y/N), who?:
Interventions - — -
Disability? (¥/N): AMPDS:
Medication/Other? [Y/N): CEDIS:
L d Untoward Events? (Y/N): Assisted Sending Site? (Y/N), how?:
Events Event Type: (1) Time Paged:
Tme: (3) BCAS Arrival:
BP: {4) En-route:
HR: T Times (6) Care Assumed:
Initial Vitals | RR: ¥ (8) Depart to Sending:
Temp: {9) At Destination:
SPO2: | (10) Report Given:
GCS: {12) Call Complete:
Time: Airway? [Y/N):
BP: Breathing? "
HR: Advanced &mlmt:nﬂm]:
Interventions
Final Vitals | RR: Disability? (Y/N):
Temp: Medication/Other? (Y/N):
SPO2: Untoward Untoward Events? (Y/N):
GCS: Events Event Type:
NOTES: Time:
BP:
H:
. Receiving Site: Initial Vitals RR:
MII'BEN!I'I ER Admit Date: Temp:
Information
ER Admit Time: SPO2:
Interventions/ | Notable Events (30 min): GCS:
Untoward | Case Study? (Y/N), why?: Time:
Time: BP:
BP- HR-
HR: Final Vitals RR:
Initial Vitals | RR: Temp:
Temp: SPO2:
SPOZ GCS:
GCS: Additional Vitals | (every 15 min if available)
NOTES: NOTES:
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Series from Lund University

Department of Physical Geography and Ecosystem Science Master Theses in Ge-

ographical Information Science:

1.

Anthony Lawther: The application of GIS-based binary logistic regression
for slope failure susceptibility mapping in the Western Grampian Mountains,
Scotland. (2008)

Rickard Hansen: Daily mobility in Grenoble Metropolitan Region, France.
Applied GIS methods in time geographical research. (2008)

Emil Bayramov: Environmental monitoring of bio-restoration activities us-

ing GIS and Remote Sensing. (2009).

Rafael Villarreal Pacheco: Applications of Geographic Information Systems
as an analytical and visualization tool for mass real estate valuation: a case
study of Fontibon District, Bogota, Columbia. (2009)

. Siri Oestreich Waage: a case study of route solving for oversized transport:

The use of GIS functionalities in transport of transformers, as part of main-

taining a reliable power infrastructure. (2010)

Edgar Pimiento: Shallow landslide susceptibility — Modelling and validation.
(2010)

Martina Schifer: Near real-time mapping of floodwater mosquito breeding

sites using aerial photographs. (2010)

August Pieter van Waarden-Nagel: Land use evaluation to assess the out-
come of the programme of rehabilitation measures for the river Rhine in the
Netherlands. (2010)

Samira Muhammad: Development and implementation of air quality data
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Series from Lund University

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

mart for Ontario, Canada: A case study of air quality in Ontario using OLAP
tool. (2010)

Fredros Oketch Okumu: Using remotely sensed data to explore spatial and
temporal relationships between photosynthetic productivity of vegetation

and malaria transmission intensities in selected parts of Africa. (2011)

Svajunas Plunge: Advanced decision support methods for solving diffuse

water pollution problems. (2011)

Jonathan Higgins: Monitoring urban growth in greater Lagos: A case study
using GIS to monitor the urban growth of Lagos 1990 - 2008 and produce
future growth prospects for the city. (2011)

Marten Karlberg: Mobile Map Client API: Design and Implementation for
Android. (2011)

Jeanette McBride: Mapping Chicago area urban tree canopy using color

infrared imagery. (2011)

Andrew Farina: Exploring the relationship between land surface temperature
and vegetation abundance for urban heat island mitigation in Seville, Spain.
(2011)

David Kanyari: Nairobi City Journey Planner An online and a Mobile Ap-
plication. (2011)

Laura V. Drews: Multi-criteria GIS analysis for siting of small wind power
plants - A case study from Berlin. (2012)

Qaisar Nadeem: Best living neighborhood in the city - A GIS based multi
criteria evaluation of ArRiyadh City. (2012)

Ahmed Mohamed El Saeid Mustafa: Development of a photo voltaic building

rooftop integration analysis tool for GIS for Dokki District, Cairo, Egypt.
(2012)

Daniel Patrick Taylor: Eastern Oyster Aquaculture: Estuarine Remediation

via Site Suitability and Spatially Explicit Carrying Capacity Modeling in
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Series from Lund University

Virginia’s Chesapeake Bay. (2013)

21. Angeleta Oveta Wilson: A Participatory GIS approach to unearthing Manch-
ester’s Cultural Heritage ‘gold mine’. (2013)

22. Ola Svensson: Visibility and Tholos Tombs in the Messenian Landscape: A
Comparative Case Study of the Pylian Hinterlands and the Soulima Valley.
(2013)

23. Monika Ogden: Land use impact on water quality in two river systems in
South Africa. (2013)

24. Stefan Rova: A GIS based approach assessing phosphorus load impact on
Lake Flaten in Salem, Sweden. (2013)

25. Yann Buhot: Analysis of the history of landscape changes over a period
of 200 years. How can we predict past landscape pattern scenario and the
impact on habitat diversity? (2013)

26. Christina Fotiou: Evaluating habitat suitability and spectral heterogeneity

models to predict weed species presence. (2014)
27. Inese Linuza: Accuracy Assessment in Glacier Change Analysis. (2014)

28. Agnieszka Griffin: Domestic energy consumption and social living standards:
a GIS analysis within the Greater London Authority area. (2014)

29. Brynja Guomundsdottir: Detection of potential arable land with remote
sensing and GIS - A Case Study for Kjosarhreppur. (2014)

30. Oleksandr Nekrasov: Processing of MODIS Vegetation Indices for analysis of
agricultural droughts in the southern Ukraine between the years 2000-2012.
(2014)

31. Sarah Tressel: Recommendations for a polar Earth science portal in the
context of Arctic Spatial Data Infrastructure. (2014)

32. Caroline Gevaert: Combining Hyperspectral UAV and Multispectral Formosat-
2 Imagery for Precision Agriculture Applications. (2014)
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Salem Jamal-Uddeen: Using GeoTools to implement the multi-criteria eval-

uation analysis - weighted linear combination model. (2014)

Samanah Seyedi-Shandiz: Schematic representation of geographical railway
network at the Swedish Transport Administration. (2014)

Kazi Masel Ullah: Urban Land-use planning using Geographical Information
System and analytical hierarchy process: case study Dhaka City. (2014)

Alezia Chang-Wailing Spitteler: Development of a web application based on
MCDA and GIS for the decision support of river and floodplain rehabilitation
projects. (2014)

Alessandro De Martino: Geographic accessibility analysis and evaluation of
potential changes to the public transportation system in the City of Milan.
(2014)

Alireza Mollasalehi: GIS Based Modelling for Fuel Reduction Using Con-
trolled Burn in Australia. Case Study: Logan City, QLD. (2015)

Negin A. Sanati: Chronic Kidney Disease Mortality in Costa Rica; Geo-
graphical Distribution, Spatial Analysis and Non-traditional Risk Factors.
(2015)

Karen McIntyre: Benthic mapping of the Bluefields Bay fish sanctuary, Ja-
maica. (2015)

Kees van Duijvendigk: Feasibility of a low-cost weather sensor network for

agricultural purposes: A preliminary assessment. (2015)

Sebastian Andersson Hylander: Evaluation of cultural ecosystem services

using GIS. (2015)

Deborah Bowyer: Measuring Urban Growth, Urban Form and Accessibility
as Indicators of Urban Sprawl in Hamilton, New Zealand. (2015)

Stefan Arvidsson: Relationship between tree species composition and phe-

nology extracted from satellite data in Swedish forests. (2015)
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47.

48.

49.
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02.

Damian Giménez Cruz: GIS-based optimal localisation of beekeeping in
rural Kenya. (2016)

Alejandra Narvdez Vallejo: Can the introduction of the topographic indices
in LPJ-GUESS improve the spatial representation of environmental vari-
ables? (2016)

Anna Lundgren: Development of a method for mapping the highest coastline
in Sweden using breaklines extracted from high resolution digital elevation
models. (2016)

Oluwatomu Esther Adejoro: Does location also matter? A spatial analysis of

social achievements of young South Australians. (2016)

Hristo Dobrev Tomov: Automated temporal NDVTI analysis over the Middle
East for the period 1982 - 2010. (2016)

Vincent Muller: Impact of Security Context on Mobile Clinic Activities A
GIS Multi Criteria Evaluation based on an MSF Humanitarian Mission in
Cameroon. (2016)

Gezahagn Negash Seboka: Spatial Assessment of NDVI as an Indicator of
Desertification in Ethiopia using Remote Sensing and GIS. (2016)

Holly Buhler: Evaluation of Interfacility Medical Transport Journey Times
in Southeastern British Columbia. (2016)
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