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Abstract
Objectives Computed Tomography (CT) scans help diagnose and triage life-threatening and time-sensitive emergency 
conditions, but most rural hospitals in British Columbia do not have access to a local CT scanner. We investigate how many 
transfers from a rural British Columbia hospital were for CT scans and describe the time delays to emergent CT imaging.
Methods This was a prospective cohort study, over a 1-year period, on all patients requiring a transfer from the Golden and 
District Hospital, located 247 km from the closest CT scanner. Data collection forms were completed prospectively and the 
main measurements included age, transport triage level, reason for transfer, referral hospital, transfer request time, and CT 
scan time. The time interval between the CT request and CT imaging was calculated and represents the ‘delay to CT scan’ 
interval.
Results The study hospital received 8672 emergency department (ED) visits and 220 were transferred to referral centres 
(2.5%). 61% of all transfers received a CT scan. Transfers for time-sensitive emergencies took an average of 6 h 52 min. 
Patients with acute stroke experienced a 4 h 44 min time interval. Less urgent and non-urgent conditions entailed an even 
greater time delay.
Conclusions This study highlights that the lack of a rural CT scanner is associated with increased transfers and significant 
time delays. Improving access to CT scanners for rural communities may be one of the many steps in addressing healthcare 
disparities between rural and urban communities.
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Résumé
Objectifs La tomodensitométrie (TDM) aide à diagnostiquer et à trier les situations d’urgence qui mettent la vie en danger 
et pour lesquelles le temps est compté, mais la plupart des hôpitaux ruraux de la Colombie-Britannique n’ont pas accès à 
un tomodensitomètre local. Nous enquêtons sur le nombre de transferts d’un hôpital rural de la Colombie-Britannique pour 
des tomodensitogrammes et nous décrivons les délais pour l’imagerie tomographique émergente.
Méthodes Il s’agit d’une étude de cohorte prospective, sur une période d’un an, sur tous les patients nécessitant un transfert 
de l’hôpital de Golden and district, situé à 247 km du scanner le plus proche. Les formulaires de collecte de données ont été 
remplis de manière prospective et les principales mesures comprenaient l’âge, le niveau de triage de transport, la raison du 
transfert, l’hôpital de référence, le temps de demande de transfert et le temps de tomodensitométrie. L’intervalle de temps 
entre la demande de tomodensitométrie et l’imagerie par tomodensitométrie a été calculé et représente l’intervalle « retard 
au scanner».
Résultats L’hôpital d’étude a reçu 8 672 visites aux services d’urgence (SU) et 220 ont été transférés aux centres d’aiguillage 
(2,5%). 61% de tous les transferts ont fait l’objet d’un scanner. Les transferts pour les urgences sensibles au facteur temps 
ont pris en moyenne 6 h 52. Les patients ayant subi un accident vasculaire cérébral aigu ont connu un intervalle de temps de 
4 h 44. Des conditions moins urgentes et non urgentes ont entraîné un délai encore plus long.
Conclusions Cette étude met en évidence que l’absence de tomodensitomètre en milieu rural est associée à une augmentation 
des transferts et à des retards importants. L’amélioration de l’accès aux tomodensitomètres pour les communautés rurales 
peut être l’une des nombreuses étapes pour remédier aux disparités en matière de soins de santé entre les communautés 
rurales et urbaines.

Clinician’s capsule 

What is known about the topic?
There is a lack of CT scanners in rural hospitals 
meaning potentially long transfers for patients 
requiring emergent CT scans.

What did this study ask?
How many transfers from a rural hospital were for 
CT scans and how long were the delays for emer-
gent CT scans.

What did this study find?
61% of total transfers were for CT scans and CT 
scan delays for emergent conditions averaged 6  h 
52 min.

Why does this study matter to clinicians?
Emergent CT scans’ delays may cause negative out-
comes; highlighting the need for greater access to 
CT scans in rural Canada.

Introduction

Approximately 14% of the British Columbia (B.C.) popula-
tion lives in rural or remote areas [1]. The provision of emer-
gency care in rural and remote areas is challenging. Apart 
from basic laboratory and X-ray services, most rural EDs 
in B.C. and Canada have limited access to local specialist 
support, advanced imaging, and critical care services [2–4].

Timely access to a computed tomography (CT) scan is 
critical to diagnose and triage patients with life-threaten-
ing illnesses. In B.C., CT scanners are generally located in 
regional or tertiary hospitals. Only 3% of rural B.C. hospi-
tals have access to a local CT scanner compared to 15% and 
70% of Ontario and Quebec rural hospitals, respectively [2, 
4]. Patients in rural hospitals requiring an emergent CT scan 
must be transferred oftentimes hundreds of kilometers away.

Given the geography, weather, and limited transport 
resources in rural B.C., transfers can be challenging. They 
are also associated with a risk of clinical deterioration, intra-
transfer adverse events, and delays in time-sensitive care 
[3–5].

A multi-centre study from rural Ontario showed that 14% 
of transfers for were CT scans [6]. However, this study is 
dated and there remains a lack of recent evidence on this 
topic. To date, there are no studies examining transfer time 
intervals for CT scans from rural hospitals. The objective of 
this study is to investigate how many transfers from a rural 
B.C. hospital were for CT scans and describe the time delays 
to emergent CT imaging.

Methods

Study design

This prospective cohort study examined all patients requir-
ing transfer to another hospital between November 2017 and 
November 2018. Those patients who received a CT scan at 
the referral hospital were the focus of the analysis. There 
are no electronic data systems in B.C. with patient trans-
port data; therefore, data collection forms were completed 
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by the most responsible nurse or physician at the time of 
transfer. Data were manually extracted from the patient’s 
chart and included date, age, sex, reason for transfer, refer-
ral hospital, transfer request time, departure time, and mode 
of transport. Patient CT reports were manually extracted by 
the principal investigator from the electronic medical record 
(MEDITECH) used by the Interior Health Authority. These 
reports provided us with the CT image interpretation time, 
type of CT scan, and results.

Every transfer was reviewed by the principal investigator 
and co-investigator to determine if the transfer could have 
been avoided if a local CT scanner was available. Avoidable 
transfers were defined by the following criteria: (1) CT scan 
was normal and the patient did not require admission or 
specialist consult at the referral hospital and was discharged; 
or, (2) CT scan was abnormal, but could have been managed 
locally at the study hospital.

Each inter-facility patient transfer was given a colour-
coded triage level to prioritize patient movement between 
facilities within B.C. ‘Red’ indicating emergent and time 
sensitive; ‘yellow’ representing urgent and time sensitive; 
and, ‘green’ as non-urgent transfers. Outpatient CT scans 
and any patient transferred by private vehicle were excluded. 
The study protocol was approved by the Interior Health 
Authority research ethics board (2017-18-038-I).

Study setting

The Golden and District Hospital in Golden, B.C., is a rural 
hospital servicing a population of 6856; median age of 
40 years. The hospital offers services including inpatient, 
obstetrics, and 24/7 emergency. Diagnostic services consist 
of laboratory, X-ray and ultrasound. The nearest trauma 
center is located 264 km away in Calgary, Alberta, while 
the nearest CT scanner is in Cranbrook, B.C., 247 km from 
the study hospital [Online Supplement Fig. 1]. The study 
hospital’s ED has similar annual visits and remoteness to 
other rural hospitals in B.C. and Canada [2, 3].

Data analysis

All data were inputted, cleaned, and managed in Microsoft 
Excel (version 16.37). The total number of transfers and the 
number of transfers that received CT imaging were calcu-
lated. The time intervals between the CT requests and the 
actual CT image were calculated and represent the ‘delay to 
CT scan’ interval. The primary outcome is the proportion of 
transfers for CT scans and the secondary outcome, the time 
delays to emergent CT imaging.

Results

During the study period, the study hospital had 8672 ED 
visits and 223 transfers. Three of these transfers had incom-
plete data points, thus; a total of 220 patient transfers were 
included in the study (2.5% of total ED visits). The mean 
age was 48 years, 60% were male, the main diagnosis was 
trauma (including orthopedics) (Online Supplement Fig. 2], 
and the most common exam performed was CT head [Online 
Supplement Table 1].

CT scan transfer time intervals

The ‘delay to CT scan’ interval was calculated (Table 1). 
Of note, the average time interval for a patient designated a 
‘red’ transfer was 6 h and 52 min. The average time interval 
for acute strokes (a subset of ‘red’ transfers) was 4 h and 
44 min.

CT scan transfers

135 patients received a CT scan at the referral centre 
(61% of all transfers). 19% of the transfers were des-
ignated ‘red’; 54% ‘yellow’; and, 27% ‘green’ [Online 
Supplement Fig. 3]. 92% of these patients were trans-
ferred by ground and 8 percent (8%) by air. Of the 
ground transfers, 86% were performed by primary care 
paramedics from BCEHS. Acute strokes comprised 4% 
of total transfers.

Based on the criteria outlined in the methods, if the 
study hospital had a local CT scanner, 84 transfers could 
have been avoided (38% of total transfers).

Discussion

Interpretation of findings

This study shows significant delays to emergent CT 
scans from this rural B.C. hospital. Even though the 
“golden hour” of trauma and emergency care is largely 

Table 1  Time interval between CT scan ordered in rural hospital to 
CT scan completion (in hours: minutes)

Transfer triage Mean SD Min Max

Emergent (red) 6:52 3:09 3:23 13:58
Acute strokes 4:44 0:56 3:33 6:21
Urgent (yellow) 8:52 3:49 4:30 20:00
Non-urgent (green) 16:36 7:21 4:09 29:30
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unsubstantiated, a nearly 7-h delay to CT scan for a time-
sensitive condition may present the potential for negative 
outcomes [2].

The delay to CT for acute strokes ranged between 3 h 
33 min to 6 h 21 min. This would result in the major-
ity of acute stroke patients falling outside the ‘time 
window’ for beneficial treatment. Not surprisingly, 
rural hospitals may not meet recent standards for acute 
stroke care resulting in poorer outcomes than urban 
hospitals. This was recently highlighted by a Canadian 
study showing 30-day in-hospital mortality rates fol-
lowing stroke were higher in rural than in urban hos-
pitals [7].

Close to 40% of the total transfers could have been 
avoided with a local CT scanner decreasing the burden on 
transport and referral hospital resources, and benefitting 
patients by staying local. The first rural CT scanner in 
Walkerton, Ontario was shown to provide faster access to 
diagnosis, higher confidence in diagnosis, quicker treat-
ments, and help narrow the gap between urban and rural 
levels of health care [8].

Comparison to previous studies

There are no comparison studies looking at transfer time 
intervals for patients requiring CT scans. A Canadian study 
showed that patients arrive at Level 1 trauma centres an 
average of 6 h after presenting to a rural centre, and the risk 
of trauma death is threefold higher in rural than in urban 
settings [9]. We could not find any studies describing trans-
fer time intervals for acute strokes from rural Canada or 
elsewhere.

The study hospital transferred 2.5% of patients, which 
is consistent with approximately 3% cited in the literature 
in the past 10 years [4, 5, 7]. The proportion of patients 
who received a CT scan is much higher than a multi-centre 
study out of rural Ontario; however, this study is 20 years 
old when the practice of ordering CT scans was less frequent 
[6].

Limitations

This study provides a one-year snapshot of inter-facility 
transfers from a single rural hospital. Although our hospital 
has similar characteristics to others in rural B.C. and Canada 
[2, 3] the findings may not be representative of other rural 
hospitals. Time intervals to CT scans may be affected by 
other factors at referral hospitals such as further investiga-
tions or active resuscitation.

Conclusion

This is the first study to track time intervals and charac-
terize inter-facility transfers from a rural to urban hospital 
in B.C. We found a large proportion of transfers received 
CT scans and the delays for emergent CT scans were long. 
These delays may cause negative outcomes. In 1997, the 
Canadian Association of Emergency Physicians (CAEP) 
recommended that CT scanners should be more available in 
rural Canada [10]. Unfortunately, almost 25 years later, we 
still see a rural–urban disparity in access to CT scans. Future 
research addressing inter-facility transfers for CT scans and 
patient outcomes would be helpful for further health policy 
and services planning.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s43678- 021- 00147-2.
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