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Rural and remote
medicine

In the last proper Canadian census conducted in 2006, it
was determined that 20% of Canada’s population resided in
rural locations. This percentage translates into 6.2 million
people residing outside of urban centres! Given Canada’s
enormous geographical size, this creates huge challenges in
the provision of medical care for the 20% of the population
scattered in rural and remote regions. As those of us training
at the Schulich School of Medicine and Dentistry are

aware, many of our fellow classmates are from rural areas
throughout Southwestern Ontario. For those of us raised in
urban centres, we have had a myriad of opportunities during
our preclerkship and clerkship training to explore these rural
locations outside of London and experience the life of a rural
physician for ourselves. Some of the fondest memories of
my clerkship experience occurred outside of urban centres
and in smaller communities. As for my own class, many
students seized the opportunity to not only explore smaller
communities in southwestern Ontario during our clerkship
training, but went even further afield to remote locations

in northern Ontario, northern British Columbia and rural
Alberta. If the beautiful photographs of these adventures
posted on social media are any indication, these classmates
were all rewarded for their adventurous spirit with fantastic
experiences and memories that will last a lifetime. It was

no surprise during this year’s CaRMS match that many

of my classmates matched to family medicine residency
training programmes in rural locations. In fact, many of
these positions are becoming highly sought-after training

opportunities.

This issue of the UWOMJ is dedicated to the theme of

rural and remote medicine. Many of us will become rural
physicians and will be faced with many challenges providing
healthcare for our patients in resource-limited areas. Others

of us will practice in urban centres. However, we should not

forget the plight of our colleagues in rural areas as sound
public policy surrounding the delivery of healthcare to
rural areas should be important to us all. T hope that you
enjoy reading the articles detailing the various challenges
and strategies at play in the delivery of rural and remote

medicine from a medical student perspective.

As for myself, I have spent a wonderful four years at the
Schulich School of Medicine and Dentistry. It has been
an honour and a privilege to serve as this year’s editor-in-
chief of the UWOMJ, now in its 84th year of publication.
I hope that the journal continues to serve as a forum

in which medical students can publish scholarly work
for many years to come. This publication would not be
possible without a large team of dedicated students making
it happen. I wish to thank the wonderful colleagues
with whom I have had the pleasure of working this past
academic year. I now hand over the reins to our next

editor-in-chief Jason Chan.

Melissa J MacPherson, PhD (Meds 2014)
Editor in Chief
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CPR and YOU

What every medical student needs to know about performing CPR

Lauren Prufer (Meds 2016)

Faculty Reviewer: Dr Dan Howes, MD, FRCPC (Departments of Emergency Medicine and Critical Care)

BACKGROUND

Due to the difficulties associated with recording and analyz-
ing low-frequency emergency events, in-hospital cardiac ar-
rest (IHCA) intervention has historically been less rigorously
studied than out-of-hospital cardiac arrest (OHCA). Survival
of THCA is low: reported survival to hospital discharge (SHD)
rates range from 6.6% to 18%, with 5.2% of patients surviving
to one year."* Survival rates have not significantly improved in
decades,’® and studies of in-hospital cardiopulmonary resusci-
tation (CPR) quality have found that CPR provided by trained
in-hospital staff often does not conform to published Ameri-
can Heart Association (AHA) guidelines.® Hesitancy of first
responders, typically nurses and residents, to initiate CPR in
the absence of an attending physician,” despite measurable sur-
vival benefits associated with rapid initiation of CPR and oth-
er resuscitation system errors,®*® such as delayed or incorrect
medication administration,14 may also contribute to reduced
survival rates for IHCA. Studies of skill acquisition and reten-
tion in medical students have demonstrated that CPR profi-
ciency deteriorates rapidly over time, resulting in suboptimal
CPR quality upon entry into a clinical setting.!® This paper aims
to familiarize medical learners with basic indicators of CPR
quality.

INDICATORS OF CPR QUALITY FOR MEDICAL LEARNERS

Indicators of CPR quality have been linked to increased like-
lihood of return of spontaneous circulation (ROSC) and improved
SHD and include time to respond, chest compression fraction
(CCF), rate of compression, chest compression depth and leaning
and ventilation.

1. Time to Respond

Time to respond is the time from cardiovascular collapse to the
initiation of chest compressions or defibrillation. Rapid initiation of
CPR is important for the maintenance of organ and tissue perfusion
during cardiac arrest (CA).” Two groups have found that odds of
SHD were approximately halved when CPR and defibrillation was
initiated more than 60 seconds postcollapse,’"'? and several groups
have observed significant correlations between decreased survival
rate and increased response time.***

Current AHA recommendations state that teams should initi-
ate compressions and defibrillation less than 120 seconds following
collapse.® Studies on THCA response times found an average of 180
seconds elapsed before response team arrival.” As well, once the
team had arrived, a further 35 seconds elapsed before initiation of
CPR.” First responders, typically residents or nurses, were hesitant

to check pulse, analyze rhythm and initiate CPR or defibrillation in
the absence of an attending physician.” Trained and qualified first
responders failed to initiate CPR and defibrillation 12% and 44%
of the time, respectively.” The rate of SHD following THCA at this
institution did not differ significantly from national averages, sug-
gesting that reluctance of trained ward staff to initiate treatment
prior to arrival of the emergency response team could be contribut-
ing to the low survival rates observed across institutions.”

2. Chest Compression Fraction (CCF)

CCF is the proportion of total time from CA to ROSC or death
spent performing chest compressions. Clinical studies have shown
that a higher CCF increases the likelihood of ROSC and SHD.!*?2
A prospective observational study of ventricular tachycardia (VT)
and ventricular fibrillation (VF) found that every 10% increase
in CCF resulted in a 1.11-fold increased odds ratio (OR) of SHD."
Minimal-pause CPR protocols have also been widely studied; re-
duced pre-, peri- and post-shock pause and increased CCF have
been associated with improved SHD.2?? A trial using mechanical
chest compressions found decreased likelihood of cerebrovascular
incidents and increased likelihood of ROSC and SHD with use of
a minimal-pause CPR protocol.?® AHA guidelines suggest that CA
response teams use a minimal-pause protocol and aim for a CCF of
greater than 0.8.%

3. Rate of Compression

2010 AHA guidelines recommend a rate of greater than 100
compressions per minute.?* Data from the Resuscitation Outcomes
Consortium (ROC) Cardiac Arrest Epistry suggest that compres-
sion rates follow a dose-dependent curve, finding that rates be-
tween 100 and 125 compressions per minute have been associated
with the highest likelihood of ROSC.? Rates lower than 100 may
reduce tissue oxygenation and rates greater than 120 may compro-
mise compression depth and coronary artery perfusion (CAP).2%%®
Compressions are often performed too slowly, with one study find-
ing average rates of less than 80 in 36.9% of resuscitation episodes.?’
Receiving less than 80 compressions per minute was associated
with a 30% reduction in likelihood of attaining ROSC.?’

4. Chest Compression Depth and Residual Leaning

Chest compression depth measures the sternal displacement
during compressions while residual leaning refers to continued
pressure on the chest between compressions. The AHA recom-
mends a compression depth of at least 50 mm in adults and minimal
residual leaning.’
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Compression depth greater than 50 mm during the 30 seconds
before defibrillation has been associated with increased likelihood
of successful defibrillation, ROSC and SHD.'%?® Despite the impor-
tance of compression depth in maintaining adequate perfusion,
studies of out-of-hospital CPR have found that suboptimal com-
pressions during CPR are common. One observational study of Ca-
nadian and American hospitals found that compressions performed
by trained emergency medical responders did not meet the 2010
AHA guidelines 91% of the time."

Residual leaning between compressions may result in reduced
cardiac output due to inhibition of venous return.’**? Studies in
porcine models have demonstrated that residual pressure between
compressions may be associated with increased right atrial pres-
sure, decreased coronary and cerebral artery perfusion and poor
neurological outcome.’***? Studies of human rescuers have found
that leaning was present during half of recorded compressions.*
Rescuers may be more prone to leaning if they are very tall or per-
form compressions using a stool.>*

5. Ventilation

Rate and magnitude of ventilation are important indicators of
CPR quality.!*3>%® AHA guidelines recommend a ventilation rate
of less than 12 breaths per minute and that rescuers refrain from
overinflating lungs.® Physiologic studies using the porcine model
found that overventilation resulted in decreased CAP and venous
return to the heart as well as decreased survival.”*® End tidal CO,
(ETCO2) concentrations may also be used as an indicator of CPR
quality and tissue perfusion during IHCA.*”*® The AHA expert pan-
el has recommended that ETCO; not fall below 10 mmHg during
CPR and that abrupt increase in ETCO; to greater than 35 to 40
mmHg be considered an indicator of ROSC.®

KEY POINTS FOR MEDICAL LEARNERS DURING ICHA
Resuscitation errors in the hospital setting are common, with
one study of 118,387 THCAs reporting that 40.4% of in-hospital VF/
pulseless VTs were associated with a resuscitation system error.*®
Delayed defibrillation and chest compression were among the most
common errors recorded in the in-hospital setting.’® Based on haz-
ard ratio analysis, the presence of a documented error was associ-
ated with a 34.2% (95% confidence interval, 29.5-39.1) increase in
relative risk of death prior to hospital discharge.?® Medical students
can contribute to improved patient outcome by educating them-
selves about signs and symptoms of impending CA (Figure),***°
tivation of in-hospital emergency call systems, location of AED de-
vices and necessary equipment on each hospital floor and through
prompt initiation of high-quality CPR. CPR providers should “push
fast, push hard”, aiming for rates greater then 100 compressions
per minute and compression depth greater then 50 mm.*** Com-
pression quality may be improved by practicing with a metronome
or automated feedback device; these have been shown to improve
both pace and depth of chest compressions in medical learners.*"#*
Compression depth can be improved through placement of a back-
board or use of a hard surface during CPR.® Performing chest com-
pressions using a stool or while kneeling has also been shown to

ac-

reduce rescuer fatigue by increasing mechanical advantage;****

however, care should be taken to avoid leaning. Frequent rotation
of rescuers at prespecified intervals may also help to reduce fatigue
and improve compression quality.

Pauses in CPR can be minimized by setting specific time goals
for task completion (Table). Witnesses to the arrest should commu-
nicate all pertinent information succinctly upon team leader arriv-
al. Students who have access to a dummy and wish to practice with
feedback may be interested in downloading an automated feedback
device to their smartphone, such as the ZOLL pocket CPR device.
Though not recommended for use during real-life situations, the
program is capable of giving automated feedback about compres-
sion rate and depth and may give students valuable practice by
helping to improve CPR quality during simulation.

National Early Warning Score (NEWS)*

PHYSIOLOGICAL

Respiration Rate

Oxygen
Saturations

Any Supplemental

Oxygen

Temperature 35.1-36.0 | 36.1-38.0 | 38.1-39.0

Systolic BP 101 - 110 11-219

Heart Rate 41-50 51-90 111-130

Level of

. A
Consciousness

“The NEWS: (NEWSDIG) ot
ANFE

The National Early Warning Score (NEWS) thresholds and triggers

NEW scores | Clinical risk
0
Low
Aggregate 1 -4
RED score*
(Individual parameter scoring 3) Medium
Aggregate 5 — 6
st e et g o sttt st i st ${3 Royal College
ko  of Physicians Training for Innovation

Figure: Sample of scoring system for physiological deterioration in-hospital.
Increasing national early warning score (NEWS) is indicative of increasing risk
of death, ICU admission or CA within next 24hrs.40 A level of conciousness
score of A is assigned if the patient is alert. A score of V, P or U is assigned if a
patient responds only to voice or pain or is unresponsive. Patients may be strat-
ified into clinical risk categories using NEWS. Patients with an aggregate NEWS
of greater then 7 or any individual parameter scoring greater then 3 are con-
sidered to be at high risk and require urgent clinical evaluation. Clinical tools
like the NEWS system can help to identify high risk patients, allowing for early
intervention and thus prevention of adverse events. The NEWS can be found
at http://www.rcplondon.ac.uk/resources/national-early-warning-score-news.
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Table: Summary of Components of High-Quality CPR for Medical Learners

QUALITY INDICATOR DESCRIPTION

1. General .

Be aware of and monitor patients for signs and symptoms of physiological deterioration which may

precede cardiac arrest (see Table 1).

Know how to activate emergency response if an unconscious patient is discovered.
Know location of AEDs and other required medical equipment.

2. Time to respond .

Rapid initiation of chest compressions.

3. Chest Compression Fraction .

Keep pauses during CPR to a minimum:

= Less than 10s for rhythm analysis and defibrillation.
= Lessthan 3s to rotate compressors.
= Rotate compressors regularly during necessary pauses for ventilation.

4. Chest Compression Rate = 100-120 per minute.

. Chest Compression Depth >50 mm.

w

Use a backboard or hard surface.
Use a stool or kneel while performing compressions.
Avoid leaning between compressions.

Rotate compressors frequently to avoid fatigue.

6. Ventilation
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Neurofibromatosis

An ideal model for multidisciplinary care

Caitlin VanDeCappelle (Meds 2014)

Faculty Reviewer: Dr Sharan Goobie, MSc, MD, FRCPC (Department of Genetics)

ABSTRACT

Neurofibromatosis type 1 (NF1) is an inherited tumor predis-
position syndrome with multiple manifestations in children
and adults. Due to the multisystemic nature of this syndrome
there are multidisciplinary NF1 clinics in many major centres
in the United States; however, this is not yet the trend in Cana-
da. Our study seeks to gain understanding of the current state
of health surveillance in children with NF1 in Southwestern
Ontario, which medical disciplines are involved in their care
and parental interest in a future multidisciplinary clinic at
London Health Sciences Centre (LHSC).

Methods: 50 parents or guardians of pediatric NF1 patients
completed a 39-question telephone interview pertaining to di-
agnosis, aspects of yearly screening and willingness to attend a
multidisciplinary clinic. Responses were then compared to the
current screening guidelines for the pediatric NF1 population
as suggested by the American Academy of Pediatrics.

Results: Only 56% of patients receive an annual neurological
exam, while over 87% are having yearly blood pressure screens.
40% of patients cite their medical geneticist as the main coor-
dinator of their care, while 12% cite no coordination of care.
48% of families travel more than 50 km to LHSC, with the ma-
jority visiting >3 times per year. 96% of participants are inter-
ested in participating in a multidisciplinary clinic.

Conclusions: The results obtained from this study support the
development of a multidisciplinary NF1 clinic at LHSC.

INTRODUCTION

Neurofibromatosis 1 (NF1) is an autosomal dominant condi-
tion with a birth incidence of 1in 2500 to 3300.! It affects all racial
groups and genders equally, and can affect neurological, cognitive,
social and physical development. The NF1 gene, located on chromo-
some 17q11.2, functions as a tumour suppressor gene. Clinical crite-
ria exist for establishing a diagnosis of NF1, and therefore genetic
testing is not often required.* Mutations in the NF1 gene result in
features such as neurofibromas, multiple café au lait spots (hyper-
pigmented macules), skinfold freckling, iris Lisch nodules and optic
gliomas.? Neurofibromas are heterogenous benign peripheral nerve
sheath tumours, which most often appear as discrete subcutane-
ous or cutaneous growths. Some individuals may only have mild
skin lesions, whereas others may develop disfiguring tumours and
life-threatening complications. Complications of NF1 can include
optic gliomas, spinal nerve tumors, hypertension, scoliosis and oth-

er bone abnormalities. There is also a 5 to 10% increased risk for
malignant peripheral nerve sheath tumors. Other serious complica-
tions can include brain tumors, seizures, rhabdomyosarcomas and
pheochromocytomas.! Along with physical manifestations, NF1 is
also associated with an increased prevalence of cognitive impair-
ment. Prevalence of learning disabilities among children with NF1
has been estimated to range from 25 to 61%.°

The current mainstay of management for NF1 is age-specific
monitoring of disease manifestation and patient education.* Health
surveillance guidelines proposed by the American Academy of Pe-
diatrics suggest an annual physical exam including blood pressure
monitoring, skin examination, screening for scoliosis and a full neu-
rological assessment.® An annual ophthalmologic exam in child-
hood (less frequently in older children and adults) is recommended
to screen for optic glioma.® Other studies and investigations, such
as MRI imaging, are currently only recommended on the basis of
clinical signs and symptoms, i.e. suspected intracranial or internal
tumours.®

Care for NF1 patients typically involve various specialists and
support services. Multidisciplinary NF clinics have been estab-
lished in various locations within the United States to provide a
setting in which a diagnosis and follow up of patients with NF1 can
be coordinated. At the Neurofibromatosis Clinic of the Children’s
Hospital Medical Center in Cincinnati, Ohio, patients are referred
for diagnosis, genetic counseling and various medical and surgical
consultations. Patients are then followed annually where history is
updated and full exam is completed, and family members at risk for
NF also undergo full skin examination and slit-lamp examination of
the irides. Current literature suggests that close collaboration such
as this will facilitate a uniform approach to the diagnosis and man-
agement of NF1 and its complications.*

Our study seeks to gain more understanding of follow up man-
agement of our NF1 patient population at LHSC — which disciplines
are involved, who is coordinating such care, the extent to which
guidelines are being followed without such clinic involvement —
and to define necessary services as identified by our patients in
order to improve the current management and surveillance of our
NF1 patients and their families.

METHODS

Parents of 122 children (under age 18) who were seen in the de-
partment of genetics at LHSC for a possible diagnosis of NF1 were
invited to participate in a telephone questionnaire. To be included
in this study, families must have a child under 18 years, a diagnosis
(confirmed by genetic test or clinically) of NF1 and a previous visit
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with the department of genetics at LHSC. The questionnaire con-
sisted of 39 questions related to their children’s features of NF1, the
types of health care professionals involved in their care, aspects of
their child’s yearly medical screening and their willingness to at-
tend a multidisciplinary NF1 clinic. The study was approved by the
research ethics board at UWO (REB#102904).

Questionnaire responses were then compared to the current
screening guidelines for the pediatric NF1 population as suggest-
ed by the American Academy of Pediatrics. Proportions of patients
whose NF1 medical screening met current guidelines were calcu-
lated. Trends in deficits of patient care were identified. Types of
medical specialties involved in the NF1 patients’ care were assessed.
This information was used to assess potential components of a mul-
tidisciplinary NF1 clinic. Overall interest in a multidisciplinary NF1
clinic was determined using the proportion of positive responses
(compared to negative responses) to a yes/no question. Given the
small patient sample, formal statistical analysis was not required.

RESULTS

Of 122 families sent a letter of participation, 52 families were
successfully contacted for a telephone interview. Two families from
this group did not meet survey requirements as they did not have
confirmed diagnoses of NF1. Mean age for diagnosis was 4 years
(range 2 months to 13 years), where mean current age was 11 (range
1-17 years). Table 1 shows the distribution of features of participants
in the study. These percentages are fairly consistent with the gener-
al trends in the NF1 literature.

Table 2 shows that 40% of study participants believe their medi-
cal geneticist to be the main coordinator of their care, while 24% list-
ed their pediatrician and 6% their family doctor. 12% of respondents
felt that no healthcare professional was their main coordinator.

Table 2: Healthcare Professional Acting as Main Coordinator of Care

HEALTHCARE PROFESSIONAL NUMBER (%)

(n=50)
Medical Geneticist 20 (40%)
Pediatrician 12 (24%)
None 6 (12%)
Family doctor 3(6%)
Dermatologist 2 (4%)
Neurosurgeon 2 (4%)
Neurologist 1(2%)
Oncologist 1(2%)
Other 3 (6%) Mother, Plastic surgeon

Table 3 shows the percentage of participants adhering to the
recommendations of a yearly skin, eye, neurological and blood pres-
sure exam. Only 56% of participants are receiving a yearly neuro-
logical exam, while over 87% of participants are getting their blood
pressure check each year. Note that 2 participants were not includ-
ed as their current guardians were unaware of their most recent
screenings.

Table 1: Reported Clinical Characteristics of Children With NF1in Study Group

Table 3: Reported Adherence to Annual Examinations

FEATURE NUMBER (%) EXAM NUMBER (%)

(n=50) (n=48)
6 or more café au lait spots 49 (100%) BP check 42 (87.5%)
Inguinal/axillary freckling 46 (92%) Eye exam 41 (85.4%)
Learning delay 25 (50%) Skin exam 31(64.6%)
Parent/sibling/child with NF1 20 (40%) Neurological exam 27 (56.3%)
2 or more cutaneous neurofibromas 17 (34%)

Table 4 shows the number of visits to LHSC made per year for

Macrocephaly 17 (34%) NF1-related reasons. The majority of respondents make the trip 3
ADHD 14 (28%) to 4 times each year for NF1-related appointments. Notably, 48% of
2 or more Lisch nodules 14 (28%) study participants travel further than 50 km to the LHSC Children’s
Optic gliomas 10 (20%) Hospital for each visit.
Brain tumour 7 (14%)
Scoliosis 6 (12%) Table 4: Reported Number of Visits to LHSC per Year
Bone deformity (other than scoliosis) 5 (10%) NUMBER OF VISITS NUMBER (%)
Seizures 4 (8%) (n=50)
Early puberty 4 (8%) 0 1(2%)
Autism 3 (6%) 1-2 9 (18%)
Plexiform neurofibroma 2 (4%) 3-4 28 (56%)
High blood pressure 2 (4%) 5-10 9 (18%)
Other tumour 2 (4%) >10 3(6%)
Late puberty 1(2%)
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DISCUSSION

The American Academy of Pediatrics recommends that pediat-
ric patients with NF1 receive blood pressure monitoring and neuro-
logical, eye and skin examinations annually.” As per our results, be-
tween 22 and 44% of our NF1 pediatric population are not meeting
all of the surveillance recommendations. Particular deficits appear
to be with the neurological and skin examinations, which are also
the examinations that take more time during an office visit. This
may be due to lack of clear physician roles, time constraints and lack
of physician awareness of guidelines.

While medical geneticists and pediatricians were frequently
named as the primary coordinators for our patients, this may be a
recruitment bias as the list of participants was generated from those
referred to medical genetics for a possible diagnosis of NF. Many
other health care professionals were also listed as having a role in
the care of these patients (Table 2). Based on these results and the
comments from parents during the interviews, we propose that a
multidisciplinary NF1 clinic should involve a medical geneticist, pe-
diatrician, oncologist, neurologist, ophthalmologist, neurosurgeon,
developmental pediatrician and social worker.

Of the families surveyed, 96% were interested in attending a
multidisciplinary NF clinic. Benefits reported by families included
convenience, less time away from school or work, social connection
to others with NF and improved communication between special-
ists. As approximately half of our patients live more than 50 km
away from LHSC, many families felt that a one-stop visit to see all
the healthcare professionals involved in their child’s care would be
beneficial. Furthermore, this may ensure that guidelines are more
frequently met, as patients would receive all screenings at one visit.

This study supports the development of a multidisciplinary NF1
clinic at LHSC and a clinic proposal has been developed. This clinic
has the potential to improve the medical management of children
with NF1, decrease the travel burden on parents who may need to
come to London for multiple different specialist appointments re-
lated to their child’s diagnosis and provide the opportunity for edu-
cation and research related to this condition.
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ABSTRACT

Hepatic cancers are an increasing source of morbidity and mor-
tality in the developing and the developed world. In this paper,
we highlight the current imaging modalities used for various
cystic and solid hepatic lesions. The rationale behind selection
of these modalities and an efficient evidence based step by
step diagnostic algorithm are presented. Emphasis is placed on
both identifying as well as differentiating between a benign, pri-
mary malignant and metastatic lesion.

BACKGROUND

Cancer of the liver remains one of the most common causes of
cancer as well as cancer deaths worldwide! and is responsible for
about three quarters of a million deaths each year. While primarily
concentrated in the developing world, the incidence is rising rapid-
ly in developed countries. This includes Canada, where it has more
than doubled over the last forty years.? In North America, this on-
going rising incidence is due to increased prevalence of known un-
derlying risk factors for liver cancer including the silent obesity re-
lated disease called non-alcoholic steatohepatitis (NASH), hepatitis
B and C, cirrhosis, as well as an aging population now entering a
period of disease manifestation. Patients will present to physicians
in many different specialties due to the often non-specific or inci-
dental presentations of this group of malignancies. Early identifi-
cation is critical to improved outcome and health care providers in
various specialties need to become knowledgeable of the recent ad-
vances in imaging, adjuvant therapies as well as stricter follow-up
protocols in a multidisciplinary environment that lead to an earlier
identification of metastases to the liver.>* The table®® highlights the
potential differentials for malignant hepatic lesions which need to
be identified and differentiated from their benign counterparts.

Table: Malignant Hepatic Lesions

CYSTIC Cystadenocarcinoma
Squamous cell carcinoma
Carcinoma of ovaries/pancreas/colon/kidneys
Neuroendocrine

SOLID Hepatocellular carcinoma

Fibrolamellar carcinoma

Hepatoblastoma

Cholangiosarcoma

Angiosarcoma

Primary Lymphoma

Metastases

Noninvasive differentiation of the underlying etiology, includ-
ing detection, characterization, staging and therapy monitoring, is
the main task of modern imaging. Among the three major available
diagnostic options (ultrasound [US], computed tomography [CT]
and magnetic resonance imaging [MRI]), there exist several varia-
tions in technique that permit improvements in the ability to visual-
ize lesions. For example, requisition for contrast-enhanced imaging
during certain phases, dynamic contrast-enhanced imaging and re-
spiratory gating can be instrumental for allowing clinicians to iden-
tify a lesion correctly. While detailed histories, physical examina-
tions and biochemical markers remain vital in framing a complete
picture, cross sectional imaging of lesions often plays the central
role in determining the identity and management options of a le-
sion. Therefore, a clear, evidence-based and organized approach to
ordering and interpreting imaging of the liver, as presented below
and summarized in Figure 1,7 is essential to clinical practice.

Incidentally discovered
focal hepatic lesion

[ | [P
| us ‘ | cr | CT/MRICEUS
i " L Diagnostic®
|Bgr;;ggieg?gg?p§e Undetermined | Diagnastic I Undetermined Eﬁfﬂi‘.’.ﬁ'ﬁlu Undetermined
L l I l two tachnmues’ r
i onsider: nsider:
No follow-up. CT/MRI Metastases | |Benian lesions| | Cansider o e
it | Moy oo b
12 at 3-6 ma. mass is <1 om
L] Biopsy ff the mass iopsy # the mass
815 cm 21 em

Biopsy or
e

Figure 1:” Suggested algorithm for the investigation of patients with incidental
focal liver lesions. HCC, hepatocellular carcinoma.

@ Diagnostic work-up of incidentally discovered hepatic lesions in patients with
cirrhosis is based on the data-supported recommendations endorsed by the
American Association for the Study of the Liver Diseases.

b | esion enhancement during the hepatic arterial dominant phase, followed by
washout during the hepatic venous phase and/or delayed phase as shown by a
single (lesions >2 cm) or 2 (lesions 1-2 cm) different imaging modalities.

CYSTIC LESIONS

Cysts are usually water-density, sharply demarcated lesions.
The differential includes hemangiomas and malignant lesions.
Figure 2 describes a standard imaging workup for identified cys-
tic hepatic lesions. Traditionally, US has been the most economi-
cal modality for imaging the cancerous liver.® While sensitivity and
specificity with conventional sonography had lagged behind CT
and MRI, with the advent of contrast-enhanced ultrasound (CEUS),
these gaps, as detailed below, have shrunk greatly. CEUS also plays
an important role in distinguishing premalignant cystadenoma and
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Hepatic lesion identified via
unenhanced ultrasound

¥

I Cystic I
e ¥

| ADPKD, PLCD I(—l Multiple I | Solitary |
" ¥

Serodiagnostic tests
negative for echinococcus

I Us follow up I(—| simple® |

lesions “light up” in the arterial phase and maximally enhance the
tumour. Respiratory motions can cause artifactual errors, but imag-
ing of this phase can usually be achieved in a single breath-hold via
multi detector CT (MDCT)'*" after a bolus injection of contrast.'®
Secondary lesions such as colorectal and other metastases tend to
be isodense during the arterial phase and dark during the portal
venous phase. The subsequent contrast washout in delayed phases
provides further information useful for detection of smaller hepa-
tocellular carcinoma (HCC) lesions.'*?°

cannot Cannot use either
annat use contrast enhanced

phases) abdominal CT scan with contrast l MRI |

I CEUS I
Y

| Vascular flow within septa? |
o ey

Complicated simple

Cystic neoplasm
cyst® ¥ P

Figure 2: Algorithm highlighting cystic hepatic lesion imaging work up. PCLD:
Polycystic liver disease; ADPKD: Autosomal dominant polycystic kidney disease.
@ Simple cyst US criteria: anechoic, aseptate, smooth sharp borders, strong pos-
terior wall echoes, relative accentuation of echoes beyond the cyst.*®

b Complicated cyst as defined by compression, hemorrhage, or infection into a
simple cyst.*®

malignant cystadenocarcinoma from other complex cysts which
feature similar characteristics. The former are characterized by
vascular flow within the septa, which is absent in the latter. This
technique is also useful in differentiating normal and common be-
nign cystic lesions from malignant lesions. Cystic-appearing metas-
tases, which may be manifestations of necrotic or cystic degenera-
tions of rapidly growing tumours, and mucinous colonic or ovarian
adenocarcinomas can be identified.’

A meta-analysis involving 45 studies and over 8000 focal le-
sions validates CEUS use for diagnostic workup with an overall 93%
(95% confidence interval [CI], 91-95%) sensitivity and 90% (95%
CI, 88-92%) specificity for diagnosis of malignant liver lesions.’®
Furthermore, the same study shows significantly better sensitivity
for CEUS as compared to CT/ MRI with contrast and no signifi-
cant difference in specificity between either modality.! As CEUS
remains the most economical solution,'**® avoids radiation expo-
sure, is available for bedside evaluation and usually involves much
shorter wait times, US forms an ideal modality for the initial hepatic
cancer diagnosis.

SOLID LESIONS

A standardized approach to image solid lesions has been de-
veloped (Figure 3) that relies on the different vascular anatomy of
tumours and lesions. Solid hepatic lesions are imaged initially via
triphasic abdominal CT with contrast. Imagers rely on the distinct
pattern of contrast accumulation in three separate phases as the
contrast enters the arterial system (Figure 4: arterial phase), then
the venous system (early portal venous phase) and finally is excret-
ed (late portal venous phase or washout phase). Briefly, tumours
develop new abnormal arteries via a process called angiogenesis.
Hepatic tumours derive the majority of their blood supply from the
hepatic artery, while secondary lesions and the normal liver derive
their blood supply mainly from the portal vein. Therefore, primary

Triphasic (non-contrast, arterial, and portal venous contrast? CT or MRI? E
>
us

If non-diagnostic

| MRI with gadolinium-based contrast

Focal nodular hyperplasia If non-
suspected buf unable to diagnostic
be confirmed
Technetium sulfur colloid Biopsy/Surgical
scanning resection

Figure 3: Algorithm highlighting solid hepatic lesion imaging work up. Note that
unlike transabdominal US, intraoperative US involving direct placement of trans-
ducer up on liver parenchyma remains the most sensitive modality in identifying
metastatic disease.>”

HEPATOCELLULAR CARCINOMA AND INTRAHEPATIC CHOL-
ANGIOCARCINOMA: A SPECIAL EMPHASIS

As the most common type of liver cancer, HCC figures prom-
inently in parts of the world where hepatitis remains endemic.
Contrary to many other cancers, HCC does not mandate histologic
confirmation for patients at high risk owing to the great accuracy of
modern imaging modalities as well as the risks and side effects in-
volved with liver biopsy. Indeed, pathologic diagnosis adds little to
the diagnostic accuracy of imaging plus a blood test for alphafeto-
protein, a liver tumour marker. In fact, a systemic review identified
MRI and CT as the ideal diagnostic tests, particularly in cirrhotic
patients.?! For now, use of positron emission tomography (PET)
remains restricted to the detection of extrahepatic metastases and
extrahepatic recurrence after liver transplantation, diagnosis or re-
section?? and therefore will not be discussed further in this paper.

If a triphasic CT result is nondiagnostic, a gadolinium-en-
hanced MRI is recommended.?®> The use of hepatobiliary-con-
trast-enhanced MRI not only allows for a better sensitivity and
specificity in identification of the various lesions involved,?*?® but
also provides additional information regarding liver function and
the degree of cirrhosis. This allows for stratification of patients into
early, intermediate and advanced tumour stages and can help facil-
itate choosing between aggressive and potentially curative versus
life-extending, palliative and symptomatic treatments.

Aside from HCC, intraheptic cholangiocarcinoma (iCCA),
with an increasing incidence worldwide,?° is the most important
malignant primary liver tumour differential due to its aggressive
nature and dismal natural history. These tumours often present
at an advanced stage and carry one of the highest mortality rates
in oncology. Earlier detection is vital if patients are to be eligible
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Figure 4: The impact of contrast in delineating a tumour. A, scout film. B, arterial phase axial CT image with tumour highlighted via a red star.

for aggressive treatments. Unlike HCC, which has a rapid uptake
of contrast during the arterial phase and quick washout during the
venous phase, iCCA has a progressive change in contrast during
both phases.?” Other unique iCCA characteristic features include
active inflammation at the tumour parenchymal interface leading
to a rim pattern of peripheral enhancement and a slower contrast
uptake due to extensive desmoplasia, caused by the proliferation of
fibroblasts and fibroblastic tissue.?® However, biopsy still remains
essential in most iCCA patients to confirm diagnosis.

METASTASES

For metastatic liver disease, the primary objective in oncology
remains assessment of the resectability of the cancer. Such resec-
tion may be carried out either via surgery or through non surgi-
cal ablative therapies such as stereotactic body radiation therapy
(SBRT) or radiofrequency ablation (RFA). Staging and successful
planning is also critically affected by identification and subsequent
removal of any potential extrahepatic disease as metastases to the
chest and abdomen indicate poor prognosis and are contraindica-
tions to surgical resection.?’

Repeated studies have shown the inferiority of transabdominal
US to CT and MRI*** CT imaging remains the mainstay of staging
and follow-up owing to several points. Firstly, CT permits excellent
coverage of the entire abdomen and chest in a single session. Con-
trast-enhanced imaging allows for identification of both hypervas-
cular metastases, such as those from renal cell, endocrine and some
breast carcinomas (arterial phase), as well as hypovascular (portal
venous phase) metastases, such as in colonic adenocarcinoma.*?
CT also permits submillimeter-thickness slicing, allowing for the
same spatial (isotropic) resolution in all directions. This provides
the option of selecting an optimal image plane retrospectively re-
gardless of initial angle of scanning and thereby enhances detection
of smaller lesions. Speed and a lower cumulative period of radiation

exposure remain important advantages. Newer 320 detector row
CT (320 MDCT) can accomplish a whole liver scan in 0.35 seconds
versus 25 to 30 seconds for single-slice helical CT.*?

Finally, volumetric 3-dimensional rendering allows accurate
segmental localization and delineation (unlike the aforementioned
CEUS) and digital vascular reconstruction, leading to the creation
of a 3D CT hepatic-mesenteric angiogram, thus obviating the need
for extraneous angiography in presurgical planning.**

SUMMARY

The incidence of liver lesions has risen dramatically due to a
plethora of underlying factors especially common in an aging pop-
ulation, such as cirrhosis, fatty liver and hepatitis. Since many pa-
tients present asymptomatically with liver incidentalomas, an early
diagnosis, which is potentially crucial for therapy, may be depen-
dent upon the assessment of the specialist outside of gastroenterol-
ogy, hepatology or radiology. To facilitate an ideal guideline-based
therapy, an evidence-based algorithmic approach is presented and
the most common imaging modalities and the variations available
to the clinician are described. The approach first begins with the
identification of a lesion’s cystic or solid nature. Then, ultrasound
may be utilized for cystic lesions as it can differentiate benign “no
touch” lesions (lesions where biopsy may cause significant compli-
cations and/or where imaging alone can make the diagnosis) such
as hemangiomas, focal nodular hyperplasia, adenomas, aneurysms
and aortoportal shunts from their biopsiable malignant counter-
parts such as neuroendocrine, ovarian and pancreatic carcinomas.
For solid lesions, a separate algorithm is presented, beginning pri-
marily with contrast-enhanced CT imaging, which helps identify
the unique vascular signatures of lesions and thus distinguishes
between primary malignancies (such as hepatocellular carcinoma),
cholangiocarcinomas and liver metastases.
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Radiation therapy (RT) is a newly evolving option in the treat-
ment of both primary and metastatic liver cancer. To understand
how RT can be applied to liver cancer and potential future di-
rections of treatments, a review of the literature was performed.

INTRODUCTION & GENERAL TREATMENT OVERVIEW

PRIMARY LIVER CANCER

Primary liver cancer is the fastest growing cancer in Canada,
with the incidence rate increasing by almost 4% per year in males
and 3% per year in females since 1970, and is the third most com-
mon cause of cancer death worldwide.! The most common type of
primary liver cancer is hepatocellular carcinoma (HCC), account-
ing for approximately 72% of cases.! Hepatitis B and C viruses (HBV
and HCV) are known to be oncogenic! and it is possible that some of
the increase in the rates of liver cancer in North America is a result
of increased immigration from countries where HBV is endemic;?
however, half of all cases of HCC in North America are not related
to HBV or HCV.? Other risk factors include alcohol,* obesity,” dia-
betes,® smoking’ and genetic risk factors such as hemochromatosis
and alphal-antitrypsin deficiency.® Primary liver cancer is one of
the deadliest cancers, with a 20% five-year survival.!

The only treatments of liver cancer currently considered poten-
tially curative are resection, transplantation,’ transarterial chemo-
embolization (TACE)* and radiofrequency ablation (RFA).*! In
2008, a chemotherapeutic agent, sorafenib, was shown to be toler-
able and effective in a select group of patients.!? Patients with very
early-stage primary liver cancer are typically treated with surgical
resection, resulting in a 90% five-year survival rate.* Resection
can also be used in patients with early-stage disease and good liver
function (Child-Pugh A),! resulting in a 50% five-year survival rate;
however, these patients still have a 70% recurrence rate.'® Resection
is not an option for patients with early-stage disease and poor liver
function, so they are often treated with liver transplantation,' re-
sulting in a 70% five-year survival rate and a recurrence rate of less
than 15%;'® unfortunately, the wait time for such a surgery is typi-
cally very long. Other patients with early-stage disease for whom
surgery is not possible due to the location of the tumour can be
treated with RFA,! which has similar survival rates to resection.’®
TACE is often used to treat intermediate-stage liver cancer and
has been shown to improve survival by 20 to 25%,'* with the best
results occurring when there is no macrovascular involvement'%!
and a tumour size less than 10 cm.!® Those with advanced disease
are typically not treated actively,' the exception being the relatively
uncommon case where the patient retains good liver function and
sorafenib may be used.’* Two randomized controlled trials with

sorafenib have shown that median survival is improved by two to
three months.!?

LIVER METASTASES

The most common causes of secondary hepatic malignancy are
colorectal carcinoma, breast carcinoma, melanoma and neuroendo-
crine tumours.’® The 5-year overall survival with unresectable liv-
er metastases from colorectal cancer is less than 2% when treated
with chemotherapy.'” If local therapy, such as surgical resection or
RFA, is possible, survival increases to between 33 to 58%"%! and
17 to 55%" respectively. Therefore, resection and preservation of
a minimal functional remnant of liver is recommended.? If the tu-
mours are originally unresectable, it is sometimes possible to use
chemotherapy to shrink the tumours to a resectable size or away
from critical structures such as blood vessels.”®

NOVEL TREATMENT METHODS FOR LIVER CANCER

Many novel approaches to improving survival in both primary
and secondary liver cancer have been investigated. Radioemboliza-
tion, the delivery of radioactive particles to a tumour via the blood-
stream, has shown limited success in causing tumour necrosis,
thereby improving survival.?? Biodegradeable microspheres full of
a chemotherapeutic agent may also be used and this technique has
been shown to be safer than traditional chemotherapy in patients
with liver disease; however, there is no evidence to date that it im-
proves survival compared to other traditional treatment options.?
Another approach has been to use radiotherapy, a treatment fre-
quently employed for cancers in other locations, but, for reasons
described below, it has only recently been used with curative intent
in patients with liver cancer. Radiation is appealing as it is non-in-
vasive and has been shown to be effective in the primary cancers
that commonly metastasize to the liver. Furthermore, it has been
shown to improve survival in patients who cannot receive other
therapies due to complications such as portal vein thrombosis.?*

LIVER TOXICITY IN RADIOTHERAPY

Irradiating the liver can lead to radiation-induced liver disease
(RILD) even at low doses. A whole-liver tolerance dose has been
set at a maximum of 30 Gy in separate 2 Gy fractions, a dose which
results in a 5% risk of liver failure 5 years after treatment.?> RILD
is potentially life-threatening and in the past has limited the role of
radiation in liver cancer to mostly palliative.2?° This risk of RILD
increases if the patient has established poor liver function due to cir-
rhosis or the cancer itself 2*%° Malignant lesions of the liver typically
require greater than 75 Gy for adequate treatment?® and, therefore,
treatment of these lesions with radiation poses a very high risk of
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RILD. Since the liver has regenerative properties, it is possible to ir-
radiate a portion of the liver, rather than the entire organ, thereby de-
creasing the risk of RILD;**% however, until recently the technology
required to locate the tumour within the liver and to apply radiation
to that limited area has not been available.

TECHNICAL ADVANCES WHICH ALLOW FOR RADIOTHERAPY
WITH CURATIVE INTENT

IMAGING METHODS

Recent advancements have allowed the use of radiation in liv-
er cancer with curative intent. New imaging techniques can better
localize the tumour within the liver, allowing for high doses to be
applied to a small area around the focal lesion and limiting the risk
of RILD to less than 5%.3*3® These include the use of contrast-en-
hanced computed tomography (CT)* as well as combined imaging
techniques such as CT with magnetic resonance imaging (MRI) or
positron emission tomography (PET) to better define tumour bound-
aries.***! Further, imaging can now be performed in the treatment
room, using technology such as cone beam CT to allow for visualiza-
tion of the liver immediately before or during treatment.*®

MOTION INCORPORATING METHODS

Methods for reducing or accounting for liver motion can be ap-
plied during imaging to improve the quality of the image or during
treatment to allow for more precise delivery. During breathing,
the liver moves on average 15.5 mm in the craniocaudal direction,
10 mm in the anteroposterior direction and 7.5 mm in the medio-
lateral direction.*® It is recommended that treatment planning
account for any motion greater than 5 mm.*” This can be done by
three methods: reducing motion through abdominal compression,
eliminating motion through breath holding or incorporating mo-
tion through gating or tracking of surrogate markers.*® Abdominal
compression requires the patient to voluntarily breathe shallowly
while the abdomen is mechanically compressed,*® and can reduce
liver motion by approximately 7 mm.*® Eliminating motion through
breath-holding is most reproducible if patients hold their breath at
the exhale position®® and has an interfraction variability of 2.2 mm
+/- 2.0 mm.*>*° Incorporating motion into treatment is current-
ly the focus of extensive research as it reduces the burden on the
patient.*® Relevant techniques include gating, where the radiation
beam is only turned on when the tumour is in a specific position,
and tracking, where the beam is moved according to the position of
the tumour. Both require tracking the position of the tumour with
either an external marker placed on the patient’s chest, or a fiducial
marker placed within the patient’s liver.!

DOSE DELIVERY METHODS

Advances in methods of delivering radiation have also al-
lowed for more precise dose delivery. Conformal RT (CRT), inten-
sity-modulated RT (IMRT) and stereotactic ablative RT (SABR)
have allowed for a higher dose to be delivered to a focal tumour
even while a lower dose is delivered to the surrounding liver and
other normal structures.’*** CRT utilizes multiple beams to sculpt

the dose to conform to the shape of tumours. IMRT advances this
technique by using computer algorithms to enable even more ac-
curate placement of radiation dose within the tumour. SABR uses
image guidance and increased dose per treatment fraction to ablate
tumours. Studies have shown that the most important predictor of
survival for liver cancer is radiation dose.> Treating a tumour with
more than 75 Gy overall has been shown to increase mean survival
from 14.9 months to 23.9 months in HCC;* however, no randomized
trials have been performed to date.

COMBINATION TREATMENT METHODS

A further technique is to combine other treatment modalities
with RT. The most common treatment used in such a combination
is TACE.>® Studies have found that it is sometimes possible to
shrink the tumour using TACE, then irradiate the smaller liver vol-
ume.*! A higher overall survival rate has been found with the com-
bination of radiation and TACE versus TACE alone (11.7 compared

to 4.7 months median overall survival).®®

CONCLUSIONS AND FUTURE DIRECTIONS

Despite statistically significant mortality improvements in pri-
mary and secondary liver cancer as a result of the above, the over-
all outcome for a large proportion of patients remains poor. Major
advancements in radiation technology have resulted in better mo-
tion control, tumour localization, understanding of radiobiological
toxicity and radiation delivery. Case series data suggests that this
has translated into improved local control and survival. These early
studies have suggested particular roles for radiation that require ad-
ditional investigation, including the role of radiation in patients (1)
with larger lesions when combined with TACE, (2) being bridged
to transplant, (3) with portal vein thrombosis and (4) undergoing
palliation.
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Technology in rural continuing medical education

Using the information highway to close the distance

James Yan (Meds 2015)

Faculty Reviewer: Dr Ken W Milne, MD, MSc, CCFP(EM), FCFP (Division of Emergency Medicine)

The career of medicine is often described as a career involv-
ing lifelong learning. Knowledge and skills are constantly updated
and “best practices” are continually redefined based off the latest
advances in medical research and guidelines.! Typically physicians
are engaged in this continuing medical education (CME) via both
formal and informal methods, and this is a career-long process.!
However, it has been documented that access to CME opportu-
nities is much more limited for rural practising physicians than
their urban colleagues.?® Rural physicians often practise and live
in geographically isolated areas with fewer resources and greater
distances between networks of colleagues.>* The geographic dis-
tance from urban centres and the generally smaller populations of
rural communities are disincentives for formal CME programs to
be held in rural centres.” Rural physicians also experience addi-
tional difficulties in the form of higher costs of transport as well
as increased opportunity costs of being away from practise, long
travel times leading to less time with family, and greater difficulty
in finding substitutes to cover their clinical responsibilities.? These
obstacles can be a source of stress and professional isolation for ru-
ral physicians who must keep up their skills and strive to provide
optimal care for their patients. Rural physicians, relative to their
urban colleagues, report less participation in formal CME events.®

Similarly, rural physicians are also at a disadvantage when
conducting medical research. Resource distribution for medical re-
search is uneven and rural sites often receive far less funding than
urban centres.® It is also an obstacle for any sort of coordinating
body or organization to provide cohesion and coordination to rural
medical research efforts. Collaboration and communication can be
stalled by the large distances between local health networks. The
difficulties of establishing rurally focused medical research add to
the challenge in delivering proper medical care to these communi-
ties. In Canada, rural populations have been shown to have lower
life expectancy and overall poorer health.” There are also often
different prevalence and incidence of certain diseases in rural re-
gions as compared to urban populations due to differences in in-
dustry, environment, nutritional access, and other social determi-
nants of health.>® Due to lack of access to a conveniently reachable
specialist support network for referral, medical practitioners in
their local populations have to have more knowledge and expertise
in a broader clinical scope in order to manage the health of rural
populations.®® Improving research that recognizes the differences
between urban and rural health care needs is needed in order to
develop a best practises methods for the provision of health care to
rural Canadians.

The recent rapid surge of information technology development
has been a great boon to improving access for rural and remote phy-
sicians.!®*® The growing focus on mobile and wireless capability
seems to address the needs of physicians on the go or in distant lo-
cations.’® These devices have created new roads for people to con-
nect, and rural physicians should be power users in this regard.?®
As the capabilities to transfer and share information continue to
evolve, there is incredible potential to use the information highway
to shrink the geographic distance that separates rural and remote
physicians from resources and colleagues.

There are a number of ways in which technology is already
showing its influence. Better data compression, improved broad-
band speeds, and high-definition monitors have allowed remotely
distributed sites to video conference, consult images, or even pro-
vide simulation teaching. Distance learning can create continual
education opportunities for remote physicians who cannot spare
the time to leave their community without care.’? The open avail-
ability of online learning can also allow rural physicians to gain ac-
cess to a wider variety of skills to learn. Physicians are also rapidly
utilizing social media to engage each other globally.** Doctors who
find that they cannot attend a specific conference of interest can
still join the conversation by searching up that conference’s hashtag
(#) online.*' Websites like www.symplur.com work to inform
health care professionals of various conferences’ and moderated
online discussions’ Twitter hashtags.’® Finally, as online communi-
ties become more prominent, it is only natural that groups of physi-
cians adopt this technology as well. While the interactions may be
virtual, online communities still allow physicians to collaborate and
network. The Gateway Rural Health Research Initiative is a Cana-
dian example that connects rural communities and health centres
together in order to drive rural health research capabilities.'®

The world of rural medicine is still undergoing a process to im-
prove the training opportunities available to its physicians. While it
is a difficult undertaking to overcome the wide geographic distri-
bution that challenges Canadian rural doctors, the use of new com-
munications technology is helping to bridge that gap. Progressions
in information technology can address the barriers faced by rural
physicians pursuing CME by reducing the need to travel, lowering
costs, and connecting distant networks. It is challenging to encour-
age physician participation in and endorsement of the novel ap-
proaches to obtain training via information technology. As we move
into the future, it is reasonable to surmise that improved access to
continual training for rural physicians will help deliver better qual-
ity health care to the rural and remote populations of Canada.
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secondary to necrotizing fasciitis
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ABSTRACT
In this report we present a case of sepsis secondary to necrotizing
fasciitis and its complications.

CASE PRESENTATION

A 37-year-old woman from a Northern Ontario community pre-
sented to the nursing station with a 3-day history of gradual-on-
set swelling and pain in the left arm. Upon arrival the patient was
alert, oriented, and had no respiratory, abdominal, or cardiovascu-
lar symptoms. She had high-grade fever, chills, and night sweats.
The arm was tender and swollen with visible hemorrhagic areas.
She is a long-standing IV drug abuser and admitted to missing the
vein when she injected drugs 5 days ago. Since then, the patient
had noticed reddening of the right arm and complained of flu-like
symptoms.

Relevant past medical history included intravenous (IV) drug
use, hepatitis C positive status, and narcotic abuse. She had a pre-
vious MRSA positive nasal swab during a hospital admission and
has a documented penicillin allergy (rash). The patient is a tobacco
smoker with a 10-pack-year history.

A provisional diagnosis of severe cellulitis in the left arm was
made. The patient was admitted to the local hospital and started
on IV ceftriaxone, IV normal saline, ibuprofen, and acetaminophen.
Blood cultures and complete blood count (CBC) were ordered.
Over the course of the next 3 days a high-grade fever persisted and
swelling of the arm worsened in spite of parenteral antibiotics. She
developed hypotension and was noted to have worsening renal
function on blood tests indicating acute kidney injury. Intravenous
fluid resuscitation was commenced, vancomycin and clindamycin
were added to the antibiotic regimen, and the patient was trans-
ferred to Thunder Bay Regional Health Sciences Centre (TBRHSC)
for further management.

Upon arrival at TBRHSC the patient was hemodynamical-
ly stable (blood pressure 108/59[75], heart rate [HR] 80+, ox-
ygen saturation 95%, respiratory rate [RR] normal, tempera-
ture 35.4°C) after 6L of crystalloid resuscitation. A provisional
diagnosis of necrotizing fasciitis (NF) was made and plastic
surgery was consulted. The patient was taken to the operating
room (OR) for emergency surgery. Postoperatively she was ex-
tubated and admitted to the intensive care unit (ICU) for ongo-
ing care. A broad-spectrum antibiotic regimen using ceftriax-
one, vancomycin, clindamycin, and metronidazole was initiated
postoperatively in conjunction with morphine for pain control.

At admission to the ICU the patient was hypotensive, tachy-
pneic (respiratory rate 20/min), and intermittently confused with
poor urine output. Vital signs were blood pressure 112/72, HR 72,
and oxygen saturation 94% on 4L nasal prongs. Lactate levels were
elevated at 5 mmol/L. Arterial blood gases (ABG) showed uncom-
pensated metabolic acidosis and hypoxemia. Chest x-ray showed
bilateral interstitial shadowing with interspersed areas of focal
consolidation. Blood cultures from the previous hospital were pos-
itive for gram-positive cocci. A diagnosis of septic shock second-
ary to NF and complicated by acute respiratory distress syndrome
(ARDS) was made.

In the ICU, IV crystalloids and broad-spectrum antibiotics
(ceftriaxone, clindamycin, vancomycin) were continued, a central
line inserted and vasopressor therapy with norepinephrine initiat-
ed. Within a few hours the patient required intubation and mechan-
ical ventilation for increasing oxygen requirements and work of
breathing according to the ARDS Network protocol for protective
lung ventilation. ICU management also included correction of elec-
trolyte imbalances and close monitoring of fluid status with central
venous pressure and central venous oxygen status measurements.

Table 1: Signs/Symptoms Associated With Necrotizing Fasciitis at the
Time of Admission®

FINDING % OF PATIENTS % OF PATIENTS % OF PATIENTS
(n=289) (n=192) (n=122)

Erythema 100 66 95

Pain or tenderness 98 73 95

beyond margins of

erythema

Swelling 92 75 86

Crepitus or skin 13 31 0

necrosis

Induration 12 45

Bullae 45 23 41

Fluctuance n

Fever 53 32

Hypotension 18 n

2 Adapted from Sarini et al.' Data from three retrospective chart reviews of

patients with documented necrotizing soft tissue infection treated at single

institutions.’*1®
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Table 2: Diagnostic Criteria for Sepsis.?

Diagnosis requires an infection® (documented or suspected), and some of the following:

VARIABLE CRITERIA
1. General Variables = Fever (core temperature >38.3°C)
* Hypothermia (core temperature <36°C)
= Heart rate >90 min™ or >2 SD above the normal value for age
* Tachypnea
* Altered mental status
= Significant edema or positive fluid balance (>20 mL/kg over 24 h)
* Hyperglycemia (plasma glucose >120 mg/dL or 7.7 mmol/L) in the absence of diabetes
2. Inflammatory Variables » Leukocytosis (WBC count >12000 pL™)

* Leukopenia (WBC count <4000 pL™")
= Normal WBC count with >10% immature forms

Elevated plasma C-reactive protein (>2 SD above the normal value)
Elevated plasma procalcitonin (>2 SD above the normal value)

3. Hemodynamic Variables

Arterial hypotension® (SBP <90 mmHg, MAP <70, or decrease in SBP >40 mmHg in adults or <2 SD
below normal for age)

* Elevated mixed venous SaO; (>70%)c
* Elevated cardiac index (>3.5 L-min"-M23)¢

4. Organ Dysfunction Variables = Arterial hypoxemia (PaO,/FiO; <300)
+ Acute oliguria (urine output <0.5 mL-kg™h™ or 45 mi/h for at least 2 h)
= Creatinine increase >0.5 mg/dL
* Coagulation abnormalities (INR >1.5 or aPPT >60 s)

* lleus (absent bowel sounds)

« Thrombocytopenia (platelet count <100,000 pL™)
= Hyperbilirubinemia (plasma total bilirubin >4 mg/dL or 70 mmol/L)

5. Tissue Perfursion Variables

Hyperlactatemia (>1 mmol/L)

» Decreased capillary refill or mottling

Abbreviations: WBC, white blood cell; SBP systolic blood pressure; MAP, mean arterial blood pressure; SaO», oxygen saturation; Cl, cardiac index; INR, international
normalized ratio; aPPT, activated partial thromboplastin time; FiO», fraction of inspired oxygen; PaO5, partial pressure of oxygen in arterial blood; SD, standard deviation.

@ Adapted from Levy et al.3
b |nfection defined as a pathologic process induced by a microorganism.

¢ Mixed venous SaO2 >70% is normal in children (normally, 75-80%), and cardiac index 3.5-5.5 L-min"M23 is normal in children; in children, diagnostic criteria for sep-
sis are signs and symptoms of inflammation plus infection with hyperthermia or hypothermia (rectal temperature >38.5 or <35°C), tachycardia, and at least one of the
following indications of altered organ function: altered mental status, hypoxemia, increased serum lactate level, or bounding pulses.

DISCUSSION

Necrotizing fasciitis (NF) is a rapidly progressing infection
along fascial planes with secondary infection and necrosis of deep
subcutaneous tissues. This rare condition has a mortality rate of up
to 35% with the time to operative intervention being the primary
determinant of mortality.! The diagnosis is a clinical one requir-
ing a high index of suspicion (Table 1); treatment of NF is based
on the removal of necrotic tissue, drainage, antibiotic therapy, and
management of sepsis-related complications.? Antibiotic regimens
usually include clindamycin for its anti-toxin effect.? Ceftriaxone is
adequate for treating cellulitis but it is not sufficient antibiotic cov-
erage for NF. When a necrotizing soft tissue infection is suspected
it is important to have early broad-spectrum antibiotics coverage
until cultures become available. The early management in this case
highlights the importance of clinical suspicion; if a deeper infection
was suspected earlier then perhaps some of the complications suc-
cessfully managed in the ICU could have been avoided. In the OR,
our patient underwent debridement and excision of dead fascia and
muscle as source control as well as extensive fasciotomy of the left

forearm to prevent compartment syndrome.

Classification of NF is based on microbiology. Type I NF is a
mixed infection of aerobic and anaerobic bacteria occurring in pa-
tients with several other comorbidities. Type II NF is caused by
group A streptococcus alone or in combination with another spe-
cies, commonly Staphylococcus aureus.! This is less common than
type I NF and typically occurs in otherwise healthy patients with a
predisposing skin injury.! The complications of NF include sepsis
related to its systemic toxicity, compartment syndrome from small
vessel thrombosis, limb loss, and death.

Sepsis is defined as the combination of systemic inflammatory
response syndrome (SIRS) and a source of infection. SIRS is clinical
syndrome characterized by two or more of the following; tachycardia
(HR >90/min), tachypnea (RR >20/min), altered leukocytes (WBC
<4x10° or >12x10°%), or altered body temperature (<36°C or >38°C).>*
International guidelines provide a list of warning signs for recogniz-
ing developing sepsis (Table 2).*

Management of sepsis is divided in two parts: initial early
goal-directed therapy (EGDT) to be accomplished within the first 6
hours and maintenance therapy in the ICU.* This strategy has been
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Table 3: Berlin Definition of Acute Respiratory Distress Syndrome?

1. Timing = Within one week of a known clinical insult or new/worsening respiratory symptoms

2. Chest Imaging®

* Bilateral opacities - not fully explained by effusions, lobar/lung collapse, or nodules

3. Origin of Edema = Respiratory failure not fully explained by cardiac failure or fluid overload; need objective assessment
(eg echocardiography) to exclude hydrostatic edema if no risk factor present

4. Oxygenation® = Mild: 200 < PaO/FiO2 < 300, with PEEP or CPAP = 5 cm H,0Od
* Moderate: 100 < PaO,/FiO, < 200, with PEEP or CPAP = 5 cm H,O
s Severe: PaO,/FiO; <100, with PEEP or CPAP = 5 cm H,0

Abbreviations: CPAP, continuous positive airway pressure; FiO, fraction of inspired oxygen; PaO, partial pressure of oxygen in arterial blood;

PEEP, positive end-expiratory pressure.
@ Adapted from ARDS Definition Task Force.”
b Chest radiograph or computed tomography scan.

€ If altitude > 1000 m, correction factor should be made as follows: PaO2/FiO5 - (barometric pressute/760).
9 This may be delivered noninvasively in the mild acute respiratory distress syndrome group.

shown to reduce mortality.*®

Early management focuses on prompt antimicrobial therapy,
treating the source of infection, and cardiorespiratory resuscitation
to prevent oxygen deprivation in peripheral tissues.* EGDT central
venous pressure targets are maintained through IV fluids, mean arte-
rial pressure targets through vasopressors, and continued oxygen de-
livery targets through transfusion of red cells, inotropic agents, and
mechanical ventilation.*

ICU sepsis management focuses on continuing to maintain the
established goals of EGDT.* This includes careful monitoring of or-
gan function with necessary supportive therapies and the de-escala-
tion of treatment whenever possible. The Surviving Sepsis Campaign
(2012) provides standard guidelines for timely initiation of EGDT
and ongoing management.*

Severe sepsis is sepsis complicated by acute organ dysfunction
and has a mortality rate of approximately 30%.° The variability of or-
gan systems affected contributes to the highly variable clinical man-
ifestations of sepsis, including central nervous system dysfunction
and acute kidney injury (AKI). During early management of sepsis,
the lactate present in serum is assumed to be the byproduct of an-
aerobic metabolism and can be used to gauge organ hypoperfusion.®
Organ dysfunction commonly affects the cardiovascular and respira-
tory systems, which classically manifests as ARDS.”

ARDS is a diffuse acute inflammatory lung injury with a
recognizable injury pattern involving discontinuous endothelial in-
jury, non-cardiogenic pulmonary edema, and atelectasis throughout
both lungs.® Together, these lead to an inhibition of gas exchange and
contribute to a clinical picture marked by hypoxemia and bilateral
opacities on chest radiography. Pathologically, ARDS correlates with
diffuse alveolar damage and has an approximate short-term mortali-
ty of 45%.% Diagnosis of ARDS in our patient was consistent with the
Berlin Definition (Table 3).%

Management of ARDS focuses on supportive therapy and the
treatment of hypoxia using mechanical ventilation. Supportive care
involves sedation, hemodynamic monitoring, nutritional support,
glucose control, and prevention of complications.®® Our patient was

sedated with continuous propofol infusion and bolus doses of mid-
azolam, given the history of ongoing alcohol abuse. Morphine in-
fusion was continued for ongoing pain control. Standard ventilator
management involves a lung-protective ventilation strategy and in
our patient followed the ARDS Network protocol.l® As ARDS affects
the lung heterogeneously, some areas of the lung remain aerated and
relatively normal and are sometimes referred to as “baby lungs.” The
ARDS Network protocol incorporates a lower tidal volume strategy
(6 cc/kg ideal body weight) to avoid overdistension of the function-
ing portion of the lungs and ventilator-induced lung injury.®

Patients being treated for ARDS are at a high risk for ventila-
tor-associated complications, notably barotrauma from the positive
pressure, volutrauma from excessive tidal volumes, atelectrauma
from repeated opening and closing of the alveoli, biotrauma from
the release of inflammatory mediators into the circulation, and ven-
tilator-associated pneumonia.® The mortality form ARDS is typically
due to associated multi organ dysfunction syndrome (MODS).’

The presence of ARDS in our patient presented another chal-
lenge for successful management of the patient’s sepsis. The AKI was
thought to be prerenal in origin, secondary to hypoperfusion during
sepsis. Treatment of AKI was source control and IV fluids to main-
tain enough perfusion pressure. Maintenance of adequate volume
status was key; keeping the patient dry enough to prevent pulmonary
edema while maintaining adequate fluids to keep the kidneys per-
fused was a challenge.

CONCLUSION

The patient’s clinical condition stabilized and improvements
were seen in urine output, serum creatinine and blood urea nitro-
gen (BUN). Over the next 2 days vasopressor support was titrated off
and the patient returned to the OR for repeat debridement and vac-
uum-assisted closure dressing changes. Prior to the OR the patient
was thrombocytopenic and required 2 units of platelet transfusion
to reduce risk of bleeding. The thrombocytopenia was attributed to
complicated sepsis.” Blood and wound cultures subsequently came
back positive for group A streptococcus and methicillin-resistant
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Staphylococcus aureus (MRSA).!''213 The patient’s antibiotic regi-
men was changed to cefazolin, vancomycin, and clindamycin as per
the sensitivity results.

The patient was eventually extubated 4 days after ICU admis-
sion. Postextubation she continued to improve with normalization of
renal function. She required two more OR visits for subsequent de-
bridements. Fortunately, the limb could be salvaged and the patient
was eventually discharged to the floor. Antibiotics were continued
on a 4-week course. The fact that this patient survived and did not
require an amputation highlights the need for timely and effective
surgical intervention in necrotizing fasciitis and the importance of
supportive ICU care in recognizing and managing its complications.
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INTRODUCTION

Disparities in health are evident and pronounced across the
Canadian urban-rural continuum. Studies documenting urban-ru-
ral differences in health status have identified several striking ob-
servations: greater prevalence of heart disease, cancers, long-term
disability, diabetes, infectious diseases, and suicide and higher in-
fant mortality rate in rural and remote communities.!

In addition to having poorer health status compared to their
urban counterparts, rural Canadians are limited to a narrower
range of health care providers and services. This has been, in part,
attributed to the difficulty in recruitment and retention of medical
graduates.! Other barriers affecting access to health care services
in rural communities include socioeconomic status (SES), language
and cultural barriers.? These barriers contribute to delay in early
diagnosis and treatment, and can make travel to health care centres
extremely challenging.

One of the most pressing health care issues in rural Canada is
the decline in obstetrics and maternal care services. In fact, less
than half of all family physicians across Canada currently offer ma-
ternity care in their practices, compared to almost 70% in 1983.3
Specific to rural and remote regions, physician burnout and cen-
tralization of tertiary care centres and other health care services are
amongst the most commonly cited reasons for suboptimal health
care delivery.! In this review, we discuss the challenges associated
with the delivery of obstetrics care in rural and remote Canada, and
propose potential solutions.

registered midwives,” a welcomed increase from just under 300 back
in 2003.% Unfortunately, midwifery faces many barriers to delivering
optimal care, including inadequate remuneration models, limited
opportunities for continuing professional development as well as
geographical barriers involving difficulty accessing transportation to
travel to very remote communities.

MODE OF DELIVERY

Childbirth occurs in one of three ways: (1) spontaneous vaginal
birth, (2) assisted vaginal birth (using obstetric forceps and/or vac-
uum extractors) or (3) C-section.

A recent Canadian Institute for Health Information (CIHI)
study on hospital births reported that women from rural areas were
less likely to have C-sections and more likely to undergo sponta-
neous vaginal birth than their urban counterparts.* Interestingly,
women from some remote areas, particularly those farther away
from their closest local hospital, had higher rates of labour induc-
tion (ie artificially stimulating childbirth, especially in cases where
prolonging pregnancy carries more risks). This has been attribut-
ed to the desire to plan the date and/or location of birth for those
mothers who live in very remote communities.*

Not surprisingly, in rural and remote regions where C-section
capability exists, hospitals are able to deliver more babies locally.®
Further, C-section capability is found to be associated with a lower
rate of preterm births.

MATERNITY CARE IN RURAL CANADA
HEALTH CARE PROVIDER

Obstetrics care in rural Canada is, for the most part, provided
by family physicians.* Consequently, most women from rural areas
were more likely than urban women to have their babies delivered by
a family physician. Obstetrician/gynecologists (OB/GYNSs) were less
likely to be present at childbirth.* Further, Caesarean (C-)sections
were more often performed by family physicians than specialists.
Curiously, a study in the United States comparing C-section delivery
outcomes between rural family physicians and OB/GYNs demon-
strates no increased risks when the procedure was performed by
family physicians.®

Surveys conducted in rural Ontario indicate that midwives can
play crucial roles in filling the gap left by the shortage of OB/GYNs
and family practitioners in rural areas.® In areas of limited access to
maternity care services, midwives can not only provide clinical care
for expectant mothers, but also serve as key sources of health infor-
mation and support. Today, Ontario is host to approximately 700

OUTCOMES IN RURAL OBSTETRICS

As a consequence of the deterioration of maternity care services,
rural Canadian women are often forced to leave their communities
in order to give birth. The issue extends beyond a matter of incon-
venience; it is also a matter of safety for both the mother and baby.
Childbirth therefore becomes a stressful rather than joyful event for
many families. In fact, it is not uncommon for mothers to experience
labour and delivery without the presence and support of their family
and community members.

Klein et al further suggest that loss of maternity services in ru-
ral communities can lead to a cascade of adverse consequences not
only for mothers and their newborns, but also for the communities at
large.” They propose that when a rural community becomes a “high
outflow” community (ie one where the majority of women deliver at
a facility away from their local health care centres), physicians and
nurses become less satisfied and less dedicated to their own practic-
es. Sooner or later, other aspects of women’s health care, such as pre-
ventive gynecology and prenatal care, begin to disappear, leaving the
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few remaining health care providers to cover extremely intensive call
schedules. This leads to an eventual decline in physician retention
and recruitment, resulting in a shortage of physicians who specialize
in reproductive and women’s health.’

MATERNAL & NEONATAL OUTCOMES

While little is yet known about the effects of declining obstet-
rics care in rural Canada specifically, studies from other countries
that have experienced similar changes in rural and remote health
care delivery elucidate a rather grim future. For instance, women in
the state of Washington who travel far distances, even to an excel-
lent urban tertiary care centre, were demonstrated to have poorer
outcomes than those who receive care from local services.!'” More
specifically, they were 1.5 times as likely to give birth premature-
ly (where preterm was defined as fewer than 37 completed weeks
of gestation), had 67% higher rate of complications at birth and,
consequently, paid double the health care costs. A recent popula-
tion-based study in British Columbia corroborates these findings,
showing that rural mothers who had to travel far distances to ac-
cess maternity care services were more likely to experience adverse
perinatal outcomes, including higher risks of perinatal mortality
and preterm births." These associations were significant even after
controlling for confounding factors, including maternal character-
istics and risk factors, as well as ecological determinants of out-
comes (ie level of social vulnerability and proportion of Aboriginals
residing within the catchment area).

CHALLENGES IN CARE DELIVERY

As of 2011, close to 20% of Canada’s population lived in rural
communities, defined in the Census as centres with a population of
less than 1000 and areas with fewer than 400 persons per square
kilometre. For these individuals, geographic, socioeconomic and
cultural barriers play important roles in their ability to gain access
to health care services.

In the last decade, the closure of many rural centres providing
maternal care has led to a reduction in local births across Canada.
Centres that do not provide C-section services have been particu-
larly prone to closure.’> Many newly graduated physicians refuse
to practice in remote communities as rural practice is vastly differ-
ent from urban medicine. Due to the smaller number of physicians,
rural medicine requires that physicians practice longer hours and
provide a greater range of services, all in a relatively less accessible
environment. Moreover, physicians practising in remote and rural
communities have less support from allied health professionals,
fewer facilities and equipment and limited opportunities for con-
tinuing education.

For many, if not most, rural Canadians, low population density,
lack of transportation infrastructure, language barriers and climate
conditions are only some of the most common obstacles to access-
ing health care. Further, socioeconomic barriers may render pre-
scription drugs unaffordable. Lower education level also hinders
the capacity to understand health-related information and there-
fore reduces the ability to make informed decisions with respect to
health and wellbeing.

PROPOSED RECOMMENDATIONS

In light of the above discussion surrounding the limitations of
obstetrics care in rural Canada, we propose several recommenda-
tions that may alleviate this growing problem:

1. Establishing more health and birth centres to decentralize
tertiary care facilities, thereby providing local comprehen-
sive maternal care in remote regions. This would increase the
rates of local births, improve medical outcomes and reduce
the emotional, financial and logistical difficulties faced by
women that require these services.

2. Increasing medical students’ exposure to rural medicine
through rural placements or distant learning facilitated by
videoconferencing technologies.** Indeed, early exposure to
rural maternity care played a large role in the placement de-
cisions of current rural obstetricians.!®

3. Considering the value of rotating internships which were
previously abolished in the early 1990s. Rotating internships
can provide new medical graduates with the broad skill set
that is well suited to the practice of rural medicine.

4. Developing infrastructure to support the practice of both
family medicine with OB specialization and rural midwife-
ry by establishing flexible funding models for practicing in
remote communities. This, in addition to providing further
education, will allow midwives and family physicians to alle-
viate the burden of prenatal and perinatal care on OB/GYNs.

5. Stimulating physician interest to practice in remote areas
through multiple approaches: encouragement of interpro-
fessional health care teams, establishment of appropriate re-
muneration models that reflect population demand and skills
required to address rural health-related challenges® and use
of technology to facilitate distant learning. Facilitating the de-
velopment of interprofessional and collaborative health care
teams would also be conducive to the provision of integrated
and higher-quality care, and the diffusion of workload placed
on individual physicians.’® Ultimately, while these approach-
es will require years of investment and effort to make a recog-
nizable impact, they are intended to offer lasting improve-
ments in both the quality and availability of rural maternity
care services.
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Ultrasound in the rural and remote healthcare setting

Pei Jun Zhao (Meds 2017)

Faculty Reviewer: Dr Rob Arntfield, MD, FRCPC (Division of Emergency Medicine)

INTRODUCTION

Sound plays an integral role in modern medicine. We can all
picture the familiar image of a physician listening intently through
a stethoscope to the lub-dub of the heart and the Korotkoff sounds
of the brachial artery. But ultrasound imaging takes sound to a
whole new frequency. Ultrasonography has even been described
as the “stethoscope of the future”.! Through ultrasound, physicians
are able to peer into the body to provide rapid bedside diagnosis of
cholelithiasis, aortic aneurysm, hemoperitoneum, deep vein throm-
bosis, and much more.2 Moreover, ultrasound can be used to guide
procedures such as fine needle aspiration biopsy and central line
insertion. With advancement in technology, ultrasound machines
are becoming less expensive and more compact, even reduced to
the size of a hand-held device.? Together, these factors allow ultra-
sound to be increasingly adopted by rural healthcare facilities.

PRINCIPLES OF ULTRASOUND

Ultrasound is defined as sound with frequency beyond the
auditory range of the human ear—that is, 20 kHz and higher.? The
frequency used in ultrasonography typically ranges from 2 to 12
MHz.? Ultrasound with higher frequency and shorter wavelength
has sharper resolution but shallower penetration. There are three
common types of ultrasound transducers, also called probes. The
convex and the phase array probes generate fan-shaped images
while the linear probe provides a rectangular field of view. The
phase-array probe, being smaller, can also image between obstruct-
ing structures such as ribs.* Two very important dials on the ultra-
sound machine, other than the power button, regulate depth and
gain. Depth controls how deeply or superficially the image is taken
while gain adjusts the brightness of the display.* Most ultrasound
machines also have a Doppler mode that allows the quantification
of movement, such as the velocity of blood flow through an artery.*
Lastly, air scatters ultrasound waves and creates fuzzy images, ne-
cessitating the liberal application of gel to minimize air interfer-
ence between the skin and the probe.

TRAUMA ULTRASOUND IN RURAL EMERGENCY MEDICINE
In the rural healthcare setting, ultrasound can be used in many
applications as a portable diagnostic tool to generate real-time im-
ages. It can be used to view arteries and veins, visceral organs such
as the liver, gallbladder, kidneys, bladder, as well as the lung and
the heart.2 In remote regions with little access to medical facilities,
ultrasound may be useful in providing rapid and non-invasive di-
agnosis on site. Focused assessment with sonography for trauma
(FAST) is one important application of ultrasound imaging.’ FAST
is a bedside ultrasound protocol that examines the abdomen for he-
moperitoneum and the heart for pericardial effusion.” In the case of

trauma patients, for whom prompt treatment is crucial to outcome,
FAST enables rapid initial diagnosis such that immediate manage-
ment decisions can be made.

Moreover, research is showing that FAST can be successfully
used not only in the emergency department, but also on the field.
Studies have demonstrated the efficacy of FAST during air medical
transport, natural disaster rescue, as well as on the frontlines of the
battlefield.® Other conditions that can be assessed include high in-
tra-cranial pressure, pneumothorax, high attitude pulmonary ede-
ma, and long bone fractures.® Thus, emergency medicine ultrasound
is a valuable tool for physicians practicing in rural areas with limited
access to rapid diagnostic equipment typically taken for granted at
larger, urban hospitals. In a survey of rural physicians, the impor-
tance of ultrasound resonated with the majority of respondents.”
Still, many physicians perceived a lack of immediate access to ultra-
sound equipment and felt that more training would be beneficial.”
While the value of ultrasound in rural environments is acknowl-
edged, it is evident that there is significant room for growth.

CARDIOVASCULAR SCREENING

Ultrasound is useful not only for acute conditions such as trau-
ma, but also for monitoring chronic illnesses such as cardiovascular
disease. For seniors over the age of 65, abdominal aortic aneurysms
(AAA) affect 4 to 8% of men and 1.5% of women.® In AAA, aortic
weakening over years and decades leads to the formation of an an-
eurysm. Since rupturing of the aneurysm is associated with an 80 to
90% risk of mortality, AAA screening is recommended by the Cana-
dian Society for Vascular Surgery.’

In rural populations at risk for AAA, the rate of screening has
consistently been low due to the lack of hospitals and screening
programs.’ Increased availability of ultrasound in rural clinics may
increase the accessibility of AAA screening in these rural areas. In
a recent study on the efficacy of ultrasound screening for AAA, ru-
ral family physicians in northern British Columbia trained in ultra-
sound imaging were able to safely screen a sample of 45 patients
with no false positive or negative diagnoses.’ Other applications of
ultrasound for the management of cardiovascular disease include
the screening of deep vein thrombosis, echocardiography to assess
heart function, and carotid ultrasound to evaluate stenosis.

ULTRASOUND IN THE DEVELOPING WORLD

In areas with insufficient healthcare infrastructure, ultrasound
provides a relatively quick and inexpensive option for medical imag-
ing. The added value of ultrasound has been verified by several stud-
ies conducted in a variety of centres with poorer access to healthcare,
from rural district hospitals in Rwanda, to tertiary care centers in
Liberia, to the jungles of the Amazon.!* In all of these cases, ultra-
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sound diagnosis was found to provide clinical insight that otherwise
would not have been found through available examinations. Ultraso-
nography is able to generate clues, evaluate differentials, and narrow
down on diagnoses. For example, in rural Mexico, hand-carried car-
diac ultrasound was able to provide preliminary diagnoses for 90%
of cardiac patients.!! In rural Zambia, imaging by focused maternal
ultrasound prompted changes in clinical decision making for 17%
of cases.!? The relative ease of operating ultrasound machines, the
portability of the devices, and their broad applicability will allow ul-
trasound imaging to become an increasingly important tool for rural,
underdeveloped parts of the world.

TELESONOGRAPHY

With advances in information sharing through the internet, “te-
lesonography” has the potential to connect rural patients with qua-
ternary medical centers in real-time.'* Ultrasound images generated
at a relatively remote location—whether it is a community clinic, a
farm, or even out in the wilderness—are transferred electronically to
specialists who can provide an immediate diagnosis and medical ad-
vice.™* This can offset the disadvantage of not having specialist physi-
cians in remote and sparsely populated areas. Thus, telesonography
can greatly expand healthcare services provided in rural areas and
save rural patients from multiple trips to the city to see the doctor.
Recently, FAST has even combined with mobile telesonography such
that ultrasound images taken during an ambulance trip can be trans-
mitted live to the emergency physician.”® Training local healthcare
providers in developing nations to operate ultrasound equipment can
allow diagnoses to be made in consultation with medical colleagues
at larger centers or even in another country.!® Thus, ultrasound has
great potential in bringing care to underserved populations, thereby
increasing healthcare accessibility.

ULTRASOUND IN SPACE

Finally, even in the most remote region of all—space—ultrasound
has proven to be an effective tool for point-of-care diagnosis. In the
International Space Station, under conditions of microgravity, astro-
nauts trained in ultrasound were able to generate medical images and
video of diagnostic quality that have been interpreted by physicians
back on earth.” Current applications of ultrasound in space include
the monitoring of musculoskeletal health and the assessment of in-
juries due to trauma, and more applications are being studied and
developed.'®

CONCLUSION

Ultrasound imaging can and does play an important role in
healthcare delivery in the rural and remote setting. The use of ultra-
sonography as a diagnostic tool at the point of care is gaining popu-
larity, especially as ultrasound equipment becomes miniaturized and
less expensive. Ultrasound is adaptable and versatile enough to serve
a variety of clinical purposes, such as trauma assessment, cardiovas-
cular screening, and astronaut health monitoring. With sufficient
advances in technology and increased training opportunities, ultra-
sound imaging may soon evolve into an integral tool of all physicians’
practices and become the stethoscope of this generation.
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What should rural doctors expect?

A basic ethical challenge for rural practice

Arthur Shuster (Meds 2017)

Faculty Reviewer: Dr Saima Akhtar, MD, FRCSC (Department of Obstetrics and Gynecology)

Most physicians and medical students have some appreciation
for the unique character of rural medicine, even if they have never
experienced it first-hand. It is well understood that relative scarci-
ty of medical facilities, technologies, specialists, and administrative
support must always be a constant of rural practice. It is equally
well understood that, as a result of this scarcity, rural physicians
must be prepared to be generalists: they must perform multiple
roles in their host communities and provide a wider range of health
care services than they otherwise would in an urban setting. Yet
for most physicians and physicians-in-training considering a job
in a remote community, the social and professional aspects of rural
medicine remain a mystery—perhaps coloured by preconceived no-
tions of the simple pleasures and conservative ways of small-town
life. The present brief article is intended to shed some light on a
basic ethical challenge readers of this journal may expect to face
when considering rural practice: the strong temptation to use a ru-
ral job as a waypoint to urban employment, at the expense of their
host community.

NO ONE IS TO BLAME: FINANCIAL REALITIES AND
RECRUITMENT STRATEGIES

An important source of conflict in rural health care is the po-
tentially competing incentives of young physicians, their prospec-
tive rural employers, and neighbouring communities. A majority of
medical students surveyed by one study reported feeling financial
pressures (largely due to high levels of indebtedness) to consider
taking jobs in rural areas, which routinely offer financial incen-
tives, such as signing bonuses and debt repayment, in order to at-
tract physicians.! With sharply rising medical school tuition rates,
these financial pressures on students will only continue to increase.
The same medical students surveyed in the study also reported that
when choosing where to practice long-term, they were swayed just
as much by nonfinancial considerations—especially by relative geo-
graphical proximity to their own families, employment for their
partners or spouses (which may be harder to find in remote areas),
and conveniences of urban life to which they have become accus-
tomed. Thus, nonfinancial considerations seem to incline physi-
cians to prefer urban practice. This may help to explain why, by at
least one measure, 20% of Canadians live in rural areas, while only
10% of Canadian physicians service those same areas.!

While rural communities’ recruitment strategies may be effec-
tive in attracting some physicians immediately after graduation, a
significant proportion of these doctors may actually intend for their
rural employment to be only a temporary step towards eventual ur-
ban employment. As a result, the relatively poor physician retention
rates in rural communities create a revolving door effect in which
continuity of care may be interrupted, patients may lose trust in

their doctors, and quality of care may suffer.?® To add to these dif-
ficulties, neighbouring communities hard-pressed to find doctors
may try to take advantage of each other by “poaching” each other’s
physicians—only to create further uncertainty and instability.?

Yet no part of the above is intended to cast blame on rural com-
munities or on physicians making decisions based on self-interest-
ed considerations. These problems are simply the consequences of
the nature of the health care system in a country such as Canada.
Within the prevailing legal and policy framework (see “Legal and
policy issues in rural and remote medicine”, in this issue), we could
hardly demand that physicians selflessly sacrifice career goals or
access to their families in order to service rural communities in
need of their expertise, just as we can hardly blame those same
communities for pursuing strategies that incidentally harm quality
of care throughout the system. This is reflected by the fact that even
the World Health Organization (in its 2010 “Global Policy Recom-
mendations”) effectively endorses recruitment strategies currently
practiced by rural communities.*

These systemic (economic, social, and geographical) con-
straints notwithstanding, it would be a mistake to deny the possibil-
ity of meaningful ethical deliberation and choice within the context
of rural medical practice. Recent literature on the ethics of rural
medicine hints at a certain possibility of ethical resolution to the
rural recruitment and retention dilemma we have just sketched.

AN ETHICAL CHALLENGE AND AN ETHICAL POSSIBILITY

One problematic consequence of existing rural recruitment
strategies is that physicians and their rural employers are both
tempted to misrepresent their long-term interests. Physicians—
who may only want to stay for a few years to pay off their loans—
may be inclined to promise a much longer time commitment to
rural communities than they are actually willing to honour. Sim-
ilarly, those same communities may be inclined to misrepresent
the actual workload and range of responsibilities their hires would
have to take on. The obvious ethical challenge here is one of mutual
duplicity—a problem that is difficult to redress directly (as we have
suggested) due to the incentive structure that exists in our health
care system. Yet there is also to be found here a promising ethical
possibility. The clash of incentives is probably unavoidable, but per-
haps a reassessment of values—on both sides—can pave the way to a
happy (or happier) solution for all parties.

It is true that, as we have already mentioned, medical students
and young physicians express a strong preference for an urban way
of life. Yet the preferences of Generation X and Y physicians (born
1962-77 and 1978-94, respectively) turn out to be much more com-
plicated than they appear. In addition to wanting the many modern
conveniences they can find in the city, those surveyed also reported
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being attracted to rural employment because of the interconnected-
ness, familiarity, and sense of community that exist in rural settings,
but are often absent in urban ones.>® Physicians want opportunities
for more interaction with their patients, and to develop deeper rela-
tionships of mutual trust, since physicians believe these interactions
and relationships would improve quality of care as well as their own
job satisfaction. One might think it possible for physicians to com-
bine these two distinct goals (ie, urban comforts on the one hand
and rural connectedness on the other) by seeking out rural com-
munities that have, if not all, then at least many of the attractions of
urban life: a well-trained support staff; quality medical equipment;
amenities for life and leisure such as gyms, parks, restaurants and
shops; and so on. Such a community would be not simply rural,
but—as one interviewed physician put it—*“latte rural”.’

Should we then conclude that “latte rural” is the sought-after
solution to the ethical problem faced by rural physicians? On the
contrary, it takes only a little reflection to see that, in the first place,
very few actual rural towns would be able to meet the requisite
criteria of “latte rural.” Most rural towns simply do not have the
resources to create the sort of infrastructure that physicians covet.
And, even if a community should have the option to expand so as
to accommodate the tastes of affluent professionals, it is entirely
possible that the very sense of togetherness and interconnectedness
that physicians find so charming would diminish or even disappear
as the town grows.

Nevertheless, the simple awareness that rural practice does of-
fer unique advantages that cannot be found in urban centres is cru-
cial, since it may lead physicians to re-evaluate their priorities in
a new light, and to make a choice. If physicians are truly serious
when they claim (as attested by the cited studies) that they value
the unique advantages—both professional and personal—of small-
town life, then they would do well to re-examine their preferences
and to question both their presumption in favour of urban employ-
ment as well as the soundness of the tempting, but illusory, “latte
rural” ideal. This could lead them to reconsider their priorities as to
the relative importance (for themselves) of urban conveniences, on
the one hand, and intimate community involvement on the other.
To be sure, even after reassessing their priorities many physicians
may continue to prefer urban over rural practice. Yet perhaps even
if only a (not-insignificant) minority changed their minds, rural
communities would begin to find themselves recruiting more will-
ing and loyal doctors.

Rural recruiters could potentially play an important role in this
process, by helping physicians to reassess their priorities. Current-
ly, it may be tempting for rural communities to try to embody the
“latte rural” ideal, which they believe most appeals to urban-edu-
cated physicians. They may even be tempted to go so far as to em-
bellish the range of modern conveniences they have to offer to pro-
spective hires. Or, perhaps more likely, rural communities may feel
compelled to compensate for what they perceive are disadvantages
of their remoteness by emphasizing what prospective hires stand to
gain in terms of financial rewards. Thus far, this approach has not
yielded satisfactory results. The problem may simply be one of rural
recruiters underestimating the appeal of small-town life to urban

doctors. The alternative is for rural recruiters to develop strategies
to introduce physicians to the unique charms of small-town life,
and to persuade them of the real professional advantages of rural
medical practice. Such an approach would decrease the need for
duplicity, and at the same time may prove to be more effective in
the long run.
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INTRODUCTION & BACKGROUND

The former executive director of the federal government’s now-de-
funct Office of Rural Health once stated “If there is two-tier medicine
in Canada, it’s not rich and poor—it’s urban versus rural”.! Despite the
Canada Health Act’s guarantee of accessibility of healthcare to all Ca-
nadians, those living in rural communities face a different healthcare
experience compared to urbanites. Approximately one third of Cana-
dians live in rural communities—however, currently under one tenth of
physicians practice rurally to serve these 10 million people.?

Although several technical definitions of “rural area” exist, Sta-
tistics Canada currently defines the term as a geographical area with
fewer than 1000 people or a population density under 400 people per
square kilometer.2 Compared to their urban counterparts, the rural
population on average suffers from lower self-reported health status,
higher rates of premature death in young people, higher all-cause
mortality, and lower life expectancy. They also experience higher
rates of smoking, drinking, obesity, poor nutrition, violence, acci-
dental death, and unemployment, as well as lower education rates
and lower socioeconomic status.! Furthermore, they include a high-
er proportion of groups at increased risk for poor health status and
healthcare access such as children, elderly, and Aboriginals. There
are nearly 1.4 million First Nations and Inuit in Canada, and they are
among the most vulnerable individuals in the country, experiencing
nearly 3-fold incidence of HIV, up to 4-fold rates of infant mortality,
6-fold suicide rate, a 30- to 186-fold risk of tuberculosis, as well as an
average life expectancy 7 years lower than the national mean.*

This unambiguously harsher risk profile for rural populations
underscores the need for enhanced efforts to target the recruitment
and retention of physicians to these at-risk areas which at present
are served by only 16% of Canada’s family physicians and a mere
2.4% of specialists.?

INCENTIVES TO ESTABLISH RURAL PRACTICE

What makes physicians more likely to establish a rural prac-
tice over an urban practice? For starters, recruitment of physicians
to rural areas relies heavily on attracting those freshly graduating
from medical school. Surveys of medical students have shown that
expected lifestyle—including favourable geographic location and
access to recreational opportunities—is the largest factor in medical
students’ decisions on where to practice.’

Not surprisingly, it has been shown that medical students
with previous experience in rural communities are more likely to
establish practice in such areas. It was found that the odds of es-
tablishing a rural practice are 5 times higher in those with a rural
background or schooling compared to those with an urban back-
ground or schooling. Additionally, new doctors are 3 times as likely
to establish a rural practice if their partner lives in a rural area.%”

THE CURRENT STATE OF CANADIAN RURAL PHYSICIAN
RECRUITMENT AND RETENTION

However, research shows that only 10.8% of those entering med-
ical school come from rural backgrounds. Data from Ontario has
shown that fewer rural than urban students actually apply to medical
school, and those that do apply are accepted less often, even when
possessing MCAT and GPA scores comparable to urban students.
The discrepancy in number and acceptance rates of rural versus ur-
ban applicants is believed to be linked to differing educational status
in these areas. Rural applicants receive less encouragement to par-
ticipate in higher education, have fewer role models, and experience
less intracurricular and extracurricular academic opportunity than
their urban counterparts.”

Physician retention is similarly challenging for rural communities.
Continuing medical education (CME) is a significant factor in reduc-
ing rural physicians’ feelings of professional isolation, and thus influ-
ences retention. The reality, however, is that in rural communities, op-
portunities for CME are limited due to geographic isolation, financial
burden of attending far-off CME events, and lost earnings from taking
time off work, as well as organizational limitations such as insufficient
staff to replace those who wish to take time for CME participation.®

Access to specialist care is markedly lacking in rural communi-
ties. In a study examining rural mental health specialists, it was found
that geographic, financial, and systemic factors are most significant in
creating the discrepancy in recruitment. Specialists tend to find rural
communities less attractive as potential workplaces due to decreased
resources and professional isolation, and rural communities are often
too small to justify and financially support the presence of specialists.
The few that do practice rurally tend to have very long waiting lists,
ranging from months to over 2 years, and cover a disproportionately
large geographic area, making patient access a challenge.”

RURAL RECRUITMENT STRATEGIES

In Canada, many strategies have been employed to improve ru-
ral physician recruitment and retention to these rural areas. Although
varied, these strategies fit roughly into 3 broad categories: financial in-
centives, use of international medical graduates (IMGs), and programs
implemented at the level of undergraduate medical training. Each of
these strategies has been met with variable success and as such there
has been no definite answer to improving the physician shortage.

FINANCIAL INCENTIVES

Financial incentives are the foremost approach to improving
physician recruitment in rural areas. Although conventional, these
types of incentives are quite varied in their scope and implementa-
tion. Offered by Regional Health Authorities (RHAs) and Northern
Medical Services (NMS), these incentives can be divided into those
that are offered before and after the completion of medical educa-
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tion.!° The former include bursaries and forgivable loans that are giv-
en in return for several years of service. The latter include anything
ranging from travel or vehicle allowances and housing to licencing
and insurance supports. Incentives can total up to $50,000 for the
first year of service, with the average RHA support package totaling
$20,000. Studies have shown that these incentive programs do ac-
complish their goal in the short term, attracting new graduates to
underserviced areas. It has been speculated that the increasing cost
of medical education and student debt have contributed to this short-
term success. Unfortunately, long-term effectiveness is not nearly as
promising, with many physicians migrating to urban centres shortly
after their return-of-service obligations are fulfilled."

INTERNATIONAL MEDICAL GRADUATES

IMGs are another resource that has been used to fill the phy-
sician void in rural areas. It is estimated that about a quarter of
Canada’s physicians are trained internationally, with the highest
proportions concentrated in areas with largely rural populations.!?
An IMG’s greatest obstacle to practicing in Canada is licencing. Pro-
visional licences are often granted to IMGs so that they are able to
practice under certain restrictions until they complete the required
postgraduate medical training in Canada and become fully licenced.
These provisional licences are often coupled with rural contracts and
are used as a means of satisfying the immediate need for rural physi-
cians. The use of IMGs has come under some scrutiny, both logisti-
cally and ethically. A major issue is that of assessing the equivalency
of medical training. With the obvious concern for patient safety and
the quality of healthcare delivered, the evaluation of international
medical education is often controversial. Particularly troubling are
the so-called “diploma mills” that produce medical graduates who
have had little to no patient contact. Long-term, IMGs also tend to
migrate disproportionately to urban centres once they become fully
licenced. This has stirred up concern that IMGs use rural contracts
as an expedient route to becoming fully licenced, ultimately allowing
them to practice in an urban setting. Rural populations suffer as a
consequence, contending with a high rate of physician turnover.

Ethically, the use of IMGs has come under fire for its tendency
to recruit physicians from developing countries that are in desperate
need of physicians.'* In 2001, the South African High Commissioner
to Canada criticized Canada for recruiting South African physicians at
a time when the South African healthcare system was overwhelmed.
There is also the issue of IMGs’ right to determine where they prac-
tice and migrate to, rights that are stifled by these rural contracts.

UNDERGRADUATE MEDICAL EDUCATION

As mentioned earlier, medical students with rural experience or
those who originate from a rural community are found to be more like-
ly to practice in a rural setting. It is no surprise that there are many
programs at the level of undergraduate medical education that seek to
bolster rural recruitment by taking advantage of this. Aside from re-
moving barriers to application and enrollment with policies such as
lower GPA and MCAT cutoffs and rural student quotas, many medical
schools also integrate rural medicine experiences into their curricu-
lum.* Preliminarily, exposing students to rural medicine in their train-
ing years has been shown to benefit rural recruiting. However, data on

the success of these programs remains limited, with the studies that do
exist coming from only a few Canadian medical schools.? In addition,
many of the studies rely heavily on surveys and questionnaires which
are subject to quite a few biases. Nevertheless, interventions at the
level of medical education seem to be one of the more successful and
promising avenues to pursue in improving the rural situation.

CONCLUSION

There is a true disparity between urban and rural healthcare. At
the heart of this inequity is the rural physician shortage. Although
many strategies have been employed to attempt to rectify the issue,
long-term outcomes are less than favourable. Constant physician
turnover trickles down to a decreased quality of care. Fortunately,
strategies to recruit rural students and expose medical trainees to
rural medicine have shown early promise. More robust studies are
required to adequately evaluate their effectiveness.
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ABSTRACT

Canada’s Aboriginal populations have significantly higher
rates of type 2 diabetes compared to non-Aboriginal Canadians.
In First Nations populations living on reserve, the rates are more
than double. Large randomized controlled trials (RCTs) have
shown that intensive lifestyle modification in individuals with
impaired glucose tolerance can decrease the overall incidence of
diabetes by up to 22%.

Implementing lifestyle interventions into clinical practice
remains a significant challenge because of both limited resourc-
es and uncertainly about optimal program design. Most studies
have focused on translation into the primary care setting, and
have shown moderate benefits. However, there have been no
trials examining the feasibility and effectiveness of RCT-based
lifestyle modification in Canadian Aboriginal communities. Ca-
nadian initiatives have so far focused on school-based healthy
lifestyle curriculum and community awareness, but have had lit-
tle success in reducing weight.

Factors such as community remoteness, cultural diversi-
ty, poor retention of health care workers, and lack of access to
healthy food are significant barriers to implementing lifestyle
modification programs in Canadian Aboriginal communities.
More importantly, these communities face systemic inequalities
that must be addressed in order to achieve meaningful and sus-
tained lifestyle changes.

DIABETES IN CANADIAN ABORIGINAL POPULATIONS

Canada’s Aboriginal people include First Nations, Inuit, and
Meétis and constitute 3.8% of the population. Although a rare dis-
ease in Aboriginal populations prior to the 1940s, the prevalence of
type 2 diabetes mellitus (T2DM) in this population has increased by
up to 36% from 2001 to 2006. In 2010 15.3% of First Nations living
on reserve, and 8.7% living off reserve reported they had T2DM,
compared to 6% of non-Aboriginal Canadians. Diabetes complica-
tions and comorbidities also disproportionately affect Aboriginal
people.!

Being overweight and obese are chief risk factors for T2DM. In
2010, 74% percent of First Nations adults living on reserve, and 62%
living off reserve reported they were overweight or obese, compared
to 52% of non-Aboriginal Canadians.! The disparity between Aborigi-
nal people and the rest of Canada is also evident with respect to other
T2DM risk factors and health determinants, highlighting the system-
ic inequalities facing these populations (Table).}

GOVERNMENT INTERVENTION

The Canadian government has recognized the diabetes epi-
demic spreading through First Nations populations. In 1999, Health
Canada began the Aboriginal Diabetes Initiative (ADI) as part of the
Canadian Diabetes Strategy.® The ADI began Phase 3 in 2012 with
$275 million of funding over 5 years focusing on initiatives for youth,
families, pregnancy and prepregnancy, improved access to healthy
food options, and enhanced training for health care providers.

LIFESTYLE MODIFICATION PREVENTS
DEVELOPMENT OF T2DM

Seven large randomized controlled clinical trials (RCTs) have
been conducted internationally to examine the effect of lifestyle
modification on preventing the development of T2DM in patients
with impaired glucose tolerance (IGT).* These interventions were
found to reduce the overall incidence of diabetes between 4 to
21.7% at a follow-up time of 3 to 6 years.*

The Diabetes Prevention Program (DPP) in the United States
was the largest RCT, and relied on a lifestyle coach and frequent
contact to encourage participants to attain a 7% weight reduction
and increase moderate-intensity activity to 150 minutes per week.®
The intervention was delivered on an individual basis at a cost of
$1399 per participant and included 16 sessions and follow-ups. At
3 years, those with intensive lifestyle counseling reduced their rel-
ative risk of diabetes by 58%.° Weight loss was the single most im-
portant factor in reducing diabetes incidence.”

Unfortunately, several studies reported that the effects of life-
style interventions decreased in the long term, and the only study
that monitored mortality showed no effect on this outcome.* Al-
though lifestyle modification shows promising results, these stud-
ies highlight the difficulty of implementing lasting lifestyle changes
in high risk populations, even in highly controlled settings.

TRANSLATING PRIMARY PREVENTION STRATEGIES

The Canadian Diabetes Association Clinical Practice Guide-
lines (CDA-CPGs) recognize that Aboriginal peoples are at high
risk for diabetes and recommend the use of structured lifestyle
modification or pharmacological therapy to reduce this risk.®
Aboriginal children should be evaluated for modifiable risk fac-
tors, prediabetes, and metabolic syndrome.® Screening for di-
abetes should be started early (age 10 or established puberty)
and be more frequent (every 1-2 years) when one or more ad-
ditional risk factor(s), such as excess weight, abdominal obesi-
ty, hypertension, or exposure to diabetes in utero, are present.!’
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Table: Determinants of Health in Aboriginal and Non-Aboriginal Canadians®

HEALTH DETERMINANTS FIRST NATIONS ABORIGINAL TOTAL NON-
(ON-RESERVE) (ON-RESERVE) ABORIGINAL ABORIGINAL
Daily smoking (%) 46 41 22
Smoked during pregnancy (%) 37 19
Dwellings requiring major repairs (%) 34 8
Living in crowded dwellings (%) 15° (319) 3
Food insecurity or compromised diet (%) 51 18
Unemployment Rate (%) 22 7
Employment Rate (%) 49 62
Did not graduate high school (%) 48 30
College certificate / university certificate / bachelor's degree (%) 16 28
Incidence of low income in year 2000
Living in families (%) 22 12
Unattached individuals (%) 57 38
Unmet health care needs in last 12 months
Northern Territories (%) 18 14
Canada (%) 20 13
Contact with general practitioner in the last 12 months
Northern Territories (%) 59 76
Canada (%) 77 79
Contact with nurse in the last 12 months
Northern Territories (%) 49 22
17 10

Canada (%)

@ Adapted from Reading & Wein, 2009.
b First Nations living on reserve and off reserve.
€ Inuit.

The implementation of RCT-based interventions into clinical
practice or community settings poses many challenges and is in the
early stages in Canada. However, studies have shown that intensive
lifestyle interventions are cost-effective in patients with IGT, lead-
ing to a cost saving of $84,700 per quality-adjusted life-year (QALY)
for a median cost of $1,500 per QALY." Below we will summarize
implementation attempts in different settings and highlight some
lessons learned. Finally, we will identify some important factors to
consider for implementation in Aboriginal communities.

TRANSLATION TO PRIMARY CARE

The clinical setting is the most common site for implementing
the lifestyle modifications described in RCTs. Adaptation of these
interventions into routine clinical practice has required shorter pro-
gram duration, delivery through group sessions, and intermittent
support during the maintenance phase.!? Challenges to program im-
plementation include recruiting patients, preventing dropout, deter-
mining the optimal mode of intervention delivery, and achieving a

sustained lifestyle change.”*** Interestingly, motivational interview-
ing, a key component of the DPP important in providing resolve to
change, is not included in most translational programs.

Several reviews have concluded that implementing lifestyle
modifications was feasible and achieved some benefits (eg mean loss
at 1 year of 1.8 kg2, 4% weight loss).’**® Unfortunately, the impact
from translational studies was less pronounced compared to that
seen in RCTs like the DPP, which achieved a 5 to 7% weight loss,
and there were small or no improvements in fasting plasma glucose
or glucose tolerance.!? Diabetes incidence was usually not measured;
however, we know from the DPP that a 5 kg weight loss is estimat-
ed to cut the incidence of diabetes in half at 3 years of follow-up.”
Therefore, the weight loss achieved in translational studies can also
be expected to elicit some reduction in diabetes incidence.

A meta-analysis found the number of sessions attended correlat-
ed with increased weight loss and longer programs were likely more
effective. Delivery of intervention by lay community staff, use of elec-
tronic media, and the absence of a maintenance phase did not have
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a significantly negative impact on weight loss—important findings,
given limited resources in rural and Aboriginal communities.®

THE CANADIAN PRIMARY CARE EXPERIENCE-
"AN OUNCE OF PREVENTION"

“An Ounce of Prevention” was the first study to implement the
DPP into primary care in Canada.”” The 4-week program consisted of
a weekly 2-hour session, and was led by a registered nurse or dieti-
cian who delivered 90 minutes of education followed by 30 minutes
of guided exercise. The cost of the program was $470 per participant.
Challenges identified included the need for strong endorsement from
clinical and administrative leadership to attain optimal space, staff-
ing and recruitment, and the need for ongoing program evaluation.

TRANSLATION TO ALTERNATIVE SETTINGS

Translation studies have also examined the implementation of
lifestyle interventions in community centers (eg YMCA), workplac-
es, and churches. These settings exhibit greater demographic diver-
sity compared to primary care and may be a better model of how
to deliver interventions to Aboriginal communities. Unfortunately,
settings with the greatest diversity demonstrated lower, though still
statistically significant, weight loss, and less session attendance com-
pared to primary care.®

Whereas primary care may utilize existing relationships with
health care providers to enhance efficacy and decrease attrition, they
are limited by staff and space availability."® These problems are mag-
nified in rural communities because primary care may be unavailable
or unable to meet existing health care demands. Community settings
use existing structures for program implementation, increase reach
in rural communities, and can make use of volunteers.

TRANSLATION TO ABORIGINAL COMMUNITIES

Few studies have implemented lifestyle interventions into Cana-
dian Aboriginal communities.!®2° Challenges to implementation in-
clude rural and remote community isolation and unique geography,
cultural diversity, low retention of health care professionals, poor
continuity of care, lack of appropriate settings for physical activity,
unsustained funding, and lack of access to healthy food.!

The CDA-CPGs recommend collaborative strategies to engage
entire communities and build trusting relationships, incorporation
of traditions and local culture, and use of existing community infra-
structure when implementing lifestyle programs.” However, some
argue that the CDA-CPGs fall short on how these goals should be
achieved, and instead recommend that communities be engaged to
develop their own unique practice guidelines.?* This requires learn-
ing about the community and engaging with the chief and council, lo-
cal health care professionals, and the wider community for support,
design, and implementation of programs.

Despite the largely inclusive nature of Canadian interventions,
results have been disappointing. One explanation might be the over-
emphasis on changing interpersonal determinants of health, rather
than systemic and environmental factors hindering change in these
communities.??

In the United States, government funding for the Special Dia-
betes Program for Indians Diabetes Prevention supported the im-

plementation of a 16-session program delivered to 80 tribes in rural,
reservation, and urban settings.?® Program materials were translated
to tribal languages and adapted to local culture. The study reported
the average weight loss over 3 annual visits to be 2.5, 1.4, and 1.1 kg,
respectively. Since the use of controls was considered unethical, it is
uncertain whether the 4% incidence of diabetes among study partic-
ipants represents a true decrease in incidence.?*

THE CANADIAN ABORIGINAL EXPERIENCE

No RCT-based interventions have been implemented in Cana-
dian Aboriginal communities. Lifestyle programs involving inclu-
sive community consultation have been implemented on the Sandy
Lake reserve,? in seven northwestern Ontario First Nations commu-
nites,?® in the Kahnawake school district,”” and in the rural Okana-
gan region.?® These programs have focused on school children and
the community at large, and have aimed to increase healthy living
skills through a school-based curriculum, promotion of healthy food
choices in stores, mass media campaigns, and community events. Un-
fortunately, despite some studies showing an increase in knowledge,
none reported a change in weight or BMI.

Although community-based interventions have a broader reach,
the lack of a targeted, intensive approach may have been a factor in
the programs’ limited success. Participants and staff identified ear-
lier and sustained school intervention, one-on-one communication,
increased community awareness, and lower prices for healthy food

as ways of improving the program.?’

CONCLUSIONS

Despite the largely disappointing outcomes of lifestyle interven-
tions for the prevention of T2DM in Aboriginal communities, a few
things are certain. First, Aboriginal communities face many systemic
challenges that complicate the already lofty task of achieving sus-
tained individual lifestyle changes through counseling. Second, com-
munity ownership and consultation is necessary but not sufficient for
programs to deliver measurable risk reductions. Lastly, to achieve a
sustained reduction in T2DM incidence, complementary strategies
addressing systemic inequalities must be developed, implemented,
and evaluated.
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Bridging the distance

The evolution of transportation and communication technologies for medicine in rural Canada
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OVERVIEW

Amongst the many challenges to the implementation of medi-
cine in rural and remote communities, those pertaining to transpor-
tation and communication have persisted throughout the history of
Canada, a country with a vast geographical land area dotted with
small and remote communities. This article explores the history
of medical transportation and communication technologies in ru-
ral and remote Canada from the pre-Confederation years, where
health care professionals depended largely on primitive means
such as sleighs, boats, and foot power, through the early 20th cen-
tury, which saw an expansion of roads and railways, and to the pres-
ent day, which features a wide variety of motor transportation and
electronic information systems. We examine the benefits and chal-
lenges that all of these systems posed, the health care profession’s
adaptation to them, as well as how the world of medical transporta-
tion and communication may further develop.

PRE-CONFEDERATION PERIOD

In the beginning of the 1800s, the main constraining factor for
transportation methods was geographical. The earliest settlers ven-
tured into areas accessible by water—canals were constructed and
canoes or boats used primarily for movement of bulk commodities
of relatively low value. Early, primitive roads made long-distance
travel by land difficult and often hazardous, with horseback or
walking being the primary means of transportation.! Due to these
limitations, few centralized clinical institutions, such as hospitals
as we now know them, existed. Hospitals were seen as places of last
resort for the homeless and the poor. Often run by religious orders,
and later municipalities, they represented insalubrious and poten-
tially fatal places. Home visits were preferable until after 1890 to
1914, when public perception of hospitals, transformed by techno-
logical and diagnostic innovation, improved, and hospitals became
the preferred home of medical treatment.? For those who received
their health care at home, it was common for physicians to go to the
sick patient’s home, often by horse, by buggy, or on foot. These phy-
sicians carried their instruments and medicines with them.?

Obstacles to communication largely mirrored those to trans-
portation. Prior to the widespread employment of the telegraph in
1844, communication was served mostly by time-consuming means
such as foot power, dog- and horse-drawn sleighs, or ships.* As a
result, a rural physician’s network of practice would be largely con-
fined to his or her home town. Those who covered more than one
area, especially in regions of rural isolation, experienced consider-
ably more stressful schedules. As well, clinics that did exist were
largely walk-in as it was nearly impossible to establish an appoint-
ment system.” Inefficiency of communication between physicians,
combined with a less expansive system of specialized knowledge,

also meant minimal specialization in medicine. Most physicians
possessed a broad skillset ranging from diagnosing ailments, to sur-
gery, to setting bones.® One example of this was an early Canadian
physician named John Hutchison (1823-1898), who made house
calls while maintaining his own office. He was known for his skill in
operating on cataracts, and as one of the first practitioners in Ontar-
io to use obstetrical forceps.® Another case of the overwhelmingly
prevalent ‘wearer of many hats’ type of rural general practitioner
was Dr. Noel Murphy (1915-2005) of Newfoundland, who acted as
physician, surgeon, anaesthetist, radiologist, and laboratory techni-
cian in his hospital.’

LATE 19TH/EARLY 20TH CENTURY

The first railways allowed for easier access to previously un-
settled areas, but it was not until the early 1880s that the road sys-
tem in the North-West Territories, which included present day Sas-
katchewan and Alberta, was developed. The development of roads
and highways allowed for access to regions of Canada not served by
railways. The Alaska Highway, built during World War II, linked
British Columbia to Alaska and increased the volume of traffic to
the north.” Improvements in access to remote and rural areas also
allowed easier and faster transportation by rural physicians. Still,
relatively few physicians were settling in rural provinces: in 1914,
only 6 out of 7472 practitioners in Canada were located in the terri-
tories.® Larger cities like Montreal and Toronto had modern hospi-
tals linked to university medical schools, but the continuing short-
age of physicians in rural communities led to many rural physicians
remaining general practitioners who continued to make house calls
by car, horse and buggy, or sleigh.

Communication methods also advanced steadily during this
time. Unfortunately, they would also bring about the initial manifes-
tations of the “rural disadvantage”, since urban areas were always
the first to see and enjoy these developments. By 1876, thirty years
after its invention by Samuel Morse, the electric telegraph linked all
major cities in Eastern Canada. However, telegraphs were operated
mainly in urban telegraph offices, post offices, schools, and railway
stations. The message would arrive in one of those locations and be
posted on a bulletin board outside. Rural areas could only receive a
message through a messenger delivering it from an urban center.’
This implementation likely expedited the practice of public health;
however, its impact in the clinical setting is questionable.

Effective communication in rural medicine would not be tru-
ly facilitated until the widespread use of telephones. Invented by
Alexander Graham Bell in 1874, the telephone in most rural areas
remained of a primitive design, called the Magneto Phone, until
the 1960s. This early phone required an operator and was not ideal
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for long-distance communication.’ This limited a physician’s net-
work of practice to a relatively small area. Other “side effects” of
telephone use included information insecurity and inequity—most
likely not everyone owned a telephone, and only areas that were
connected by wiring could communicate by phone. However, the
Magneto Phone definitely allowed for faster and more efficient
transmission of information from person to person, and contribut-
ed to a culture of collaboration amongst rural physicians and be-
tween rural and urban physicians, as well as the establishment of an
appointment system.

20TH CENTURY TO MODERN DAY

Continuing the evolution of transportation, modern, paved
roads began to increase in number by the 1950s, altering the Ca-
nadian landscape. Cars became cheaper and more common.” The
use of trucks established true physical access to many remote ar-
eas and the successful delivery of necessities and previously unat-
tainable food. Sadly, the concurrent development of increasingly
sophisticated medical equipment requiring specialized expertise
necessitated in many areas the need for centralization of services
and a disappearance of these services from rural care centres.’? This
factor, along with the increasing ease of transportation, may have
led to the development of a more sophisticated referral system and
the continued perpetuation of the traditionally central role of the
general practitioner in a rural area as the main provider of care and
referral access point.

Meanwhile, communication methods significantly improved in
ease and speed, eventually bringing medicine to the modern age.
In 1948, Claude Shannon published 2 benchmark papers on infor-
mation theory discussing the basis for data compression (source
encoding) and error detection and correction (channel encoding),
ushering in the rise of wireless communications in urban centers
by the 1960s and the continuing development and prevalent use of
the Internet in communications by the 1990s."* While these tech-
nologies have facilitated medical communication greatly, the is-
sue of inequity is similar in all cases of technology, and rural areas
have lagged behind their urban counterparts. Some remote regions
of Canada still have no access to high-speed or broadband inter-
net.'**1 Other current issues include suboptimal cell service and
a shortage of digital skills and resources, partly due to a lack of
technological education opportunities and rural-to-urban migra-
tion. Another issue with electronic communication lies in the lack
of universality of Canada’s electronic medical record (EMR). Only
some types of information can be electronically transmitted, and
the information that cannot be transmitted electronically must still
be sent physically, putting rural and remote regions at a consider-
able disadvantage.

With regards to modern-day transportation, physical access re-
mains a significant barrier to achieving equity of health care in ru-
ral areas; intrinsically inferior physical care services can stem from
settlement conditions where transportation of resources is less ef-
ficient and more expensive. Strategies have been implemented to
ameliorate this obstacle. For example, transport to rural regions
inaccessible by land and water can be accomplished by air trans-
port. As aresult, emergency care is made faster and more available

to those who do not own a private motor vehicle.!* Improvements
can also be found in other initiatives such as the Easy Ride program,
a transportation system for seniors and those with disabilities in
Ontario’s Huron and Perth counties, aiding some of the most vul-
nerable rural populations. Mobile units with a traveling nurse prac-
titioner have been piloted, serving very small communities such as
those populations numbering less than one hundred.””

FUTURE DEVELOPMENTS

In conclusion, to sustain the medical health of the rural pop-
ulation, Canada has embraced a rapid evolution in transportation
and communication technology over the last 2 centuries. This evo-
lution was stimulated not only by the necessity of efficiently carry-
ing people and equipment from one location to another, but also by
the increasing demand for rapid transmission of sizeable amounts
of information with minimal loss. The evolution in transportation
and communication technology in medicine has allowed rural and
remote health care to progress in terms of the efficiency of health
care delivery, increased specialization, and improved collabora-
tion between different health care professionals. Improvements
in transportation technology within the same periods have also al-
lowed more patient empowerment to remain in rural and remote
communities.

Future developments in transportation and communication
technology can be used as tools for the provision of better medi-
cal care. We hope to see further developments in collaboration
between health care professionals as well as improvements in pa-
tient access to information (eg utilization of mobile technology to
directly provide information to patients). Research in telehealth is
currently engaging in the development of a universal EMR system
allowing any medical information to be transmitted electronically
so that any health care professional can access all relevant informa-
tion on a patient upon presentation, thus resulting in optimal effi-
ciency, specialization, and collaboration. However, in order to truly
take advantage of these wonderful opportunities, it is imperative
that rural areas enjoy equal access to them on par with their urban
counterpart.
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BACKGROUND

Amish communities can trace their roots to the Anabaptist move-
ment, which was founded in the belief that baptism should be carried
out as an adult when one can truly give consent to join the Christian
community.! The Old Order Amish are the most conservative of the
divisions of Anabaptists. McGuigan and Scholl write, “through each
transition, one group has remained as the most conservative and
austere guardians of strict traditional convictions; these are the Old
Order Amish”.? The Amish choose to dress plainly and restrict their
use of modern technology, reflecting their belief that people should
live a simple life and place their focus on community and religion.?
To preserve their way of living the Old Order Amish choose to live
separate from other societies.? In southwestern Ontario, there are
2 main Old Order Amish communities, based in Perth County and
Aylmer, Ontario. The Perth County community was founded in the
1820s and over the years has remained genetically isolated from the
general population.

ROLE IN GENETIC STUDIES

There are several reasons why Old Order Amish communities
are conducive to genetic studies: they are a closed population with
little gene inflow, they have a small number of founding members,
and their genealogical records are extensive.® The Old Order Amish
have a relatively high incidence of genetic disease in their communi-
ties.> A simplified explanation for this is that the founder effect and
a higher rate of consanguinity® lead to an increased prevalence of
autosomal recessive and polygenic multifactorial disorders. Analysis
of Amish populations has enabled several rare genetic illnesses to be
mapped and has demonstrated that many principles of population
genetics remain relevant.?

THE NEWBORN SCREENING PROJECT

In 2003, a targeted newborn screening project was established to
screen the Old Order Amish population for four specific treatable dis-
orders: juvenile glaucoma, cystic fibrosis, galactosemia, and cystino-
sis.* The ongoing screening project values collaboration with commu-
nity elders and healthcare providers and has gained recognition and
acceptance in the community: over 300 babies have been screened
over 8 years.* Over 90% of pregnant women referred to the project by
midwives and other healthcare workers have opted to have newborn
screening.* This has ensured that children born with the genetic dis-
eases being screened for are identified and treated.’

INTERVIEW [CONDUCTED BY JEFFREY LAWI]

As the medical director of the Medical Genetics Program of
Southwestern Ontario, Dr Victoria Siu has a longstanding history
with Western University. She attended the University of Toronto and

earned her Arts and Science degree in 1978 followed by her MD in
1982. She completed her first year of fellowship training at the Hos-
pital for Sick Children in Toronto and then moved to London in 1987,
where she completed her postgraduate training. Dr Siu joined the
Children’s Hospital in 1989 and is currently ranked as an associate
professor at Western University, where she has since established a
rewarding and successful medical career.

Stepping into Dr Siu’s office, I could not help but notice the fam-
ily photographs and thank you notes that decorated her shelves. On a
Wednesday morning, I was lucky enough to sit down and speak with
the distinguished clinician at the London Health Sciences Center to
chat about her initiative, the Old Order Amish Newborn Screening
Program in southwestern Ontario.

When asked about the rationale behind the project, Dr Siu said
that it didn’t take a long time in her career to realize that she was see-
ing many patients with unique disorders from the Amish community
and that there was a real need to provide aid to this population. The
Amish are very knowledgeable about inherited diseases and keep
excellent genealogical records. They are also interested in health
maintenance and disease treatment, especially for children. Howev-
er, they tend to seek medical advice late in the course of illness, when
treatment may be less effective. Through previous research, Dr Siu
and her colleagues had identified the specific DNA mutations caus-
ing juvenile glaucoma, cystic fibrosis, galactosemia, and cystinosis in
the Amish. All of these disorders can be treated to improve or delay
the onset of symptoms. Thus, in 2003, the Old Order Amish Screen-
ing Program was developed with funding from the Change Founda-
tion to identify presymptomatic newborns at risk for these disorders.

When the project began, Dr Siu wanted to ensure that she and
her team wouldn’t be imposing on the Amish community and that
the screening program was actually something the population want-
ed. As such, Dr Siu reached out to the highly regarded Amish bishops
and established connections with community liaisons for their input.
The goal was to establish a program that was culturally respectful
and appropriate. Additionally, Dr Siu described the difficulties of
finding an appropriate community liaison. Initially, a teacher from
within the community was contacted to act as liaison but because
she was unmarried and did not have children, the elders felt that she
could not relate to the mothers in the newborn screening program.
Ultimately, 3 woman elders volunteered their assistance to ensure
that the project would be well integrated into the community.

Dr Siu was quick to give credit to all the different people who
have been involved with the project. In terms of the initiation and
ongoing promotion of the program, she spoke highly of Jane Leach, a
public health nurse at the Perth District Health Unit who has estab-
lished a close working relationship with Amish families. Ms. Leach
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was instrumental in introducing Dr Siu to the Amish bishops during
the conception of the project and has gained the trust of the com-
munity. The project was originally coordinated by Sharon Kuepfer, a
Mennonite-raised nurse who had become aware of the unique health
needs of the Old Order Amish through experiences in her early life
and work with the community. The community liaison leaders eager-
ly helped to organize the initial community education events that ex-
posed the Amish families to the idea of the screening program. As the
project gained momentum, the midwives of Countryside Midwifery
services as well as other public health nurses from within the region
helped to spread further information about the newborn screening
program to pregnant women.

The newborn screening project focuses on the Amish families in
Perth County. Currently, screening occurs in homes where deliveries
occur and blood samples are obtained through umbilical cord sam-
pling after delivery. Dr Tony Rupar has been involved in the identi-
fication of the causative mutations for several Amish disorders and
is an enthusiastic proponent of newborn screening. Relevant DNA
mutation and enzyme analyses are carried out in Dr Tony Rupar’s
biochemical genetics laboratory at LHSC.

When asked about some of the challenges faced when working
with a rural population, Dr Siu spoke of the barriers that the Amish
face in accessing medical care. Amish women do not give birth in
hospitals, where conventional newborn screening occurs. The Amish
instead seek out midwives for at-home delivery. They prefer to re-
ceive their healthcare from family physicians or nurse practitioners
who are located within their communities. It is time-consuming for
the Amish to travel long distances by horse and buggy. Poor weather
conditions, especially during the winter months, present additional
challenges. Buggies can have sled runners attached, but the horses
must get through snow and ice. Travel to the London Health Sciences
Centre necessitates the hiring of a driver which typically costs about
$150 a trip. In order to overcome this issue of distance, the newborn
screening program relies on the midwives who do the home deliver-
ies to collect blood samples, which are subsequently sent by courier
to London. As such, screening is brought to the targeted population
and the issues of distance, transportation and weather are minimized.

Dr Siu explained that the process of newborn screening has re-
vealed an extremely high carrier rate of the genetic mutations tested.
For example, it was found that 1 in 5 newborns are carriers for cys-
tinosis, a figure that is 30 times higher than the carrier frequency in
the general population. Since the initiation of the program, 4 infants,
one affected with each of the disorders tested, have been identified.
Married couples from the Old Order Amish community have come
forward to request carrier testing. One of the current limitations of
newborn screening is that the turnaround time for DNA results is
long—the analyses are done in batches rather than continuously, so
therapy for affected newborns may not be initiated until later than
ideal. With testing of married couples, the hope is for carriers to re-
ceive proper genetic counseling so that genetic screening of their
newborns can expedited in order to provide them with the best care
possible.

Healthcare providers in Perth County are quick to contact Dr Siu
if they identify a newborn with congenital anomalies. Through col-
laboration with Dr Robert Hegele at the Lawson Research Institute

and the FORGE (Finding of Rare Disease Genes in Canada) consor-
tium, the specific mutations associated with several rare disorders
in the Ontario Amish and Mennonite population, such as ECO syn-
drome,® which was first described by Dr Piya Lahiry (Schulich MD
graduate 2013) and congenital sodium diarrhea,” have been identi-
fied. As well, an online database for genetic disorders in the Amish,
Mennonite, and Hutterite population was created in 2006 by Dr Siu’s
son, Geoffrey, and Dr Michael Payne (Schulich MD graduate 2010).
This is publicly accessible at http://www.biochemgenetics.ca/plain-
people/index.php.®

Seeing how successful the Amish newborn screening program
hasbeen, I couldn’t help but ask Dr Siu whether she and her team had
any plans to expand the initiative beyond Perth County. She noted
that other Amish communities which are related to the Perth County
families have already adopted Amish newborn screening. Dr Siu also
described with enthusiasm a Mennonite community in Grey-Bruce
County that has expressed interest in newborn and carrier screening.
This is of great fascination to Dr Siu because there are several other
genetic disorders which have been identified only in the Old Order
Mennonite community and not in the Amish community. She and Dr
Rupar are currently investigating new technology to provide rapid
screening for multiple disorders in the Mennonite community, tak-
ing into account their unique disorders. Interestingly, there are many
opportunities for direct genetic flow when an individual leaves the
Amish community to join the somewhat less conservative Old Order
Mennonite church. Therefore, it may be predicted that some of the
disorders originally seen in high frequency in the Amish community
may start to show up in the Mennonite community, and eventually
the general population.

In concluding the interview, we asked Dr Siu whether she felt
changed by her experience working with the Old Amish community.
Dr Siu expressed her admiration for the Old Order Amish—their ap-
proach to life, their hard working attitudes and their down-to-Earth
personalities. Dr Siu also expressed appreciation for their gratitude
towards healthcare providers, their genuine sense of family, and the
strong faith that they express in their beliefs. These are all reasons,
she says, why she treasures the opportunities to work with such a
population.

Dr Victoria Siu embodies how far-reaching a physician’s contri-
bution to medicine can be. Her passion is evident through her dedi-
cation to her patients and students. It is clear that Dr Siu loves what
she does and her patients and students clearly appreciate all the time
she gives.
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Legal and policy issues in rural and remote medicine

Saad Ahmed (Meds 2016)
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Fetal & Newborn Health)

Almost 15 years ago, Health Canada’s Special Advisor on Rural
Health declared,

“If there is two-tiered medicine in Canada, it’s not rich and
poor, it’s urban versus rural.”*

That significant health inequities exist between rural areas and
urban areas should not be surprising—it is the reasons for these ineq-
uities that are complex and often full of surprises.

BROAD OVERVIEW OF THE ISSUES

While an exact definition of “rural” is contentious, according to
Health Canada roughly 20.3% of Canada’s population in 2001 lived in
rural areas,? and about 95% of Canada’s land mass is considered ru-
ral.? There exists a vast diversity amongst rural communities in Cana-
da, and thus the Ministry of Health and Long-Term Care (MOHLTC)
also defines Northern communities separately from rural communi-
ties for planning purposes.*

Rural residents differ significantly from their urban counter-
parts on key health indicators and determinants of health. Life ex-
pectancy is generally lower in rural areas, from 65.4 years in north-
ern Quebec to 81.2 years in Richmond, British Columbia.® All-cause
mortality rates are also higher in rural areas, pushed up by circu-
latory diseases, injuries (especially occupational injuries) and sui-
cide. Conversely, all-cancer mortality rates are significantly lower
in rural areas, as is the prevalence of obesity.’

Demographic problems, geographic isolation and the socio-
economic status of rural residents all intertwine to perpetuate ru-
ral-urban health inequities. Demographically, rural areas have more
younger and older people, as opposed to urban areas, which have a
higher ratio of people aged 30 to 59.> Geographic isolation results in
difficulty accessing and in bringing medical services to a communi-
ty. Socioeconomic status is universally recognized as a key determi-
nant of health and has been shown to significantly affect access to
and ability to understand health information. Rural residents tend
to have less higher education, more unemployment and lower in-
comes. For example, the average rural and urban unemployment
rates in 2001 were 7.2% and 5.4% respectively.® Coupled with the
fact that access to safe drinking water is a major concern in some
rural areas (a twin problem of geography and poverty), these facts
leave little doubt as to the existence of rural-urban health inequity.

The increasing centralization of health services has meant that
many rural hospitals have been downsized or closed, without a
concurrent improvement in primary care services. This has had the
dual effect of reducing access to health services in rural areas, as
well as increasing unemployment. Furthermore, the centralization
of health services has meant the centralization of physicians, who
have become unequally distributed between rural and urban areas.
For instance, 10.1% of physicians in Canada practice in rural areas.®

The reasons for the physician shortage are manifold. Some of
them involve the nature of rural practices, which tend to require
longer hours, more on-call time and ask doctors to provide more
comprehensive services, due to a lack of access to investigations,
labs and specialist consults. It has also been argued that the elim-
ination of rotating internships in favour of a 2-stream approach,
in which medical students choose either a 2-year family medicine
residency or a 5-year specialist residency, has channeled many
medical students away from family medicine and limited the ex-
posures of family medicine residents.? Furthermore, personal and
lifestyle factors play a major role for physicians, in whether they
choose to practice in rural areas. Arguably, medical schools choose
socioeconomically advantaged students from urban areas, who are
less likely to practice in rural areas than if they were from the ar-
eas themselves.? This has been the major impetus behind Northern
Ontario School of Medicine’s (NOSM) setup and the recruitment of
students from rural, remote and Northern communities into med-
ical schools, through initiatives such as SWOMEN (Southwestern
Ontario Medical Education Network).

Other authors point to a host of barriers, such as professional
licensing that restricts other health care professionals from being
able to provide the same services that doctors do, despite being able
to do same work for cheaper.” The authors also point out the fact
that despite being called “collaborative” health care teams, the or-
ganization of many new models of primary care delivery still fea-
ture doctors as the managers of care. Nonetheless, it is important to
recognize that there is a trade-off between expanding the scope of
practice of allied health professionals to increase access to health
care, and enacting professional licensing, which protects the public
by ensuring the competency and adequate training of health pro-
fessionals.

Rural areas are diverse and heterogeneous places. “Place”—in
its physical, social, environmental and economic dimensions—mat-
ters.® It may also explain why an Australian survey of rural residents
found that geographical considerations did not rank as the most im-
portant factor in choosing to consult a doctor. In fact, the top men-
tioned factor was the respondents’ comfort with their doctor.” Cer-
tainly people must have physical access to health services, but their
social access—in terms of how comfortable they feel in reaching out
for help and understanding heath information—matters.

THE CANADA HEALTH ACT AND THE ETHICS OF THE MATTER
The primary objective of the Canada Health Act is to protect,
promote and restore the physical and mental well-being of Canadian
residents, by facilitating reasonable access to health services with-
out financial or other barriers.* Thus, where the Canada Health Act
guarantees reasonable access to health care on uniform terms and
conditions, with no direct or indirect barriers, it should be reason-
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able to presume that there should be equality of access to core health
services whether a resident of a province lives in a rural or urban
area. It is very difficult to make the delivery of health care services
completely equal between rural and urban areas; to be frank, there
isn’t full equality of health care delivery between suburban and urban
areas or even within urban areas. Many procedures and tests can only
be done in tertiary care centres, which can only realistically exist in
major urban centres, as they require key pieces of infrastructure and
health personnel to function.

There is also a role for autonomy and personal choice in the
rural-urban health divide. Residents of rural areas continue to live
there while recognizing that they eschew certain benefits that might
otherwise be available to city dwellers, including cultural, retail and
education opportunities that lie outside of health care delivery. Is it
really reasonable then to ask for full equality of access to all health
care services? Furthermore from a utilitarian (and in turn a public
health ethics) perspective, we should be funding whatever gives the
most benefits for the largest number of people. As provinces tighten
their belts in the age of austerity, this is a view that seems to resonate
fiscally, especially since health care is seen as another “service” to be
delivered. If other government services cannot be fully and equally
delivered to rural and remote areas, then is it is reasonable to ask for
full and equal delivery of health care, especially since the Canada
Health Act specifically guarantees only “reasonable access” to health
services?

Conversely, the Canada Health Act also lists various principles
that provinces must abide by when delivering their health care.
Arguably the law should ensure accessibility to core health services.
From a rights-based ethical perspective, the rights of those living
in rural areas to access health care are equal to the rights of those
living in urban areas, and policies should be tailored around pro-
viding health services in that fashion. The philosopher John Raw-
Is’ concept of the veil of ignorance furnishes further grounds for
a rights-based approach to planning health services delivery. The
veil of ignorance asks us to structure society in our imaginations
without knowing what sort of circumstances and what type of per-
son we would be born as. As Rawls explained, most of us would see
to it that society was organized in an egalitarian fashion that pro-
vided equal opportunity for all, whether they were born wealthy or
impoverished, or perfectly healthy or disabled. Similarly, if we are
born into or working in rural areas, in industries such as farming
or natural resource extraction, we should have equal access to core
health services that provide equal opportunity to “protect, promote
and restore” our physical and mental well-being as much as Cana-
dians living in urban areas do. Simply put, this is the promise of the
Canada Health Act.

It is vitally important, however, to distinguish health ineg-
uity from disparities in health care delivery. The Canada Health
Act guarantees reasonable access to health services, and yet as
mentioned above, the social determinants of health, which tend
to lie outside of health care delivery, play major roles in individ-
ual well-being. Health care delivery is only a piece of the puzzle:
healthy public policy that addresses the root causes of poor health
is just as important.

RECOMMENDATIONS

The list of proposed solutions for health care in rural areas is
lengthy, and some have already materialized, as in the cases of the
creation of the NOSM to recruit students from rural and Northern ar-
eas, or more general funding for rural health care. For instance, some
current projects being funded in the Champlain Local Health Inte-
gration Network (LHIN) involve electronic medical record (EMR)
funding, more regional pharmacies, support for a policy that takes
care of patients at home as opposed to in hospital and support for
patient-order sets based on evidenced-based practice guidelines.**
LHINSs are regional health authorities in Ontario that are responsible
for distributing health care funding and organizing health care ser-
vices in their geographical area.

Many of the reports on the state of rural healthcare share com-
mon recommendations with a 2002 report titled “Rural Health in
Rural Hands”, which was prepared by Health Canada’s Ministerial
Advisory Council. In the intervening years, provinces have under-
taken ambitious efforts to restructure their health systems, from On-
tario’s decentralization of health planning to its LHINS, to Alberta’s
formation of a singular Health Services superboard.

In 2006 the Government of Ontario created HealthForceOn-
tario in order to plan for the recruitment, retention and distribu-
tion of regulated health professionals in Ontario. The strategies that
HealthForceOntario and other provinces use have been mentioned
above. The ethical issues behind them are explored in another article
in this issue (see “What should rural doctors expect? A basic ethi-
cal challenge for rural practice”). The Government of Ontario’s own
recommendations in 2011 suggested the further creation of a group
responsible for rural, remote and northern health care within the
MOHLTC.*

Conversely, the Rural Ontario Institute (ROI) has argued that
the doctor shortage has not been solved by financial incentives only.
They have argued for more organic approaches instead, such as re-
cruiting medical students from rural areas, having more training
in rural areas and having more satellite campuses in rural areas of
urban medical schools.! In a separate report the ROI'? also argued
that provinces should expand the role of other health professionals,
particularly nurse practitioners, in order to increase access to health
care in rural areas."

Whatever the proposals are, one can only hope that they work
out. The Canada Health Act will turn 30 years old in a year from now
and in my regards; its promise of free, public health care for all Cana-
dians still has not been lived up to.
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Telehealth in rural Canada

Successes and challenges
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With a growing and rapidly ageing population, Canada contin-
ues to face numerous challenges meeting the health care demands
of its population. Further complicating the situation is the vast geo-
graphic area over which 33 million Canadians are distributed. This
has created an urban concentration of medical care and left most
rural areas severely underserved. Technology is being increasingly
utilized to bridge the gap between what essentially morphed into a
two-tiered system of health care: one for rural areas and another for
urban ones.! Chief among the technologies used in this arena is tele-
health. Despite the many benefits telehealth offers, there is still some
hesitation to adopting the technology on a wide scale in rural Canada.

BACKGROUND

An examination of the role of telehealth in rural Canada is not
complete without first elucidating the medical situation in rural ar-
eas. A defining feature of health care in rural areas is the physician
shortage. It is estimated that close to 1400 additional family physi-
cians are needed to equalize rural and urban physician coverage in
Canada. Similarly, rural regions suffer from a severe specialist short-
age where only 2.4% of specialists practice in rural areas.? Other is-
sues plague health care facilities, including the unequal distribution
and underservicing of rural facilities.?

Combined, the above factors contribute to unequal access and
quality of care for rural residents vis-a-vis residents in metro regions.
This is reflected in studies showing worse health outcome measures
following episodes of illness, worse general health indicators, and in-
creased unmet health needs in rural areas.*®

TELEHEALTH

Telehealth is the provision of health care over various geographic
distances using communication technology—most notably the inter-
net. Telehealth has been employed to connect physicians with distant
patients and provide the latter with specialized medical consults. This
saves the patient the time and cost of travel and ensures faster access
to medical advice.

In Canada, telehealth has been used for many decades to vary-
ing degrees of adoption and success among provinces. Although
telemedicine sessions took place in all provinces in 2010, the highest
per-capita penetration was recorded in the Territories, underlining
the importance of the technology to rural and northern communi-
ties. Close to 100000 clinical telehealth sessions—about half of all
sessions—took place in rural Canada.’

Telehealth is increasingly utilized for a number of purposes,
with most teleconferencing sessions conducted primarily for clinical
purposes, followed by educational and administrative reasons. There
has been an overwhelmingly positive patient response to telemedi-
cine.” With regard to psychiatric diseases, telemedicine is cost-effec-

tive as an alternative to expensive travel to seek specialized medical
consults.® Overall, it is estimated that telehealth saved the Canadian
health care system $55 million in 20106—much of the savings came
from decreased inpatient costs, emergency department visits, and
transports. In a recent feasibility study in a northern Inuit communi-
ty, Mendez et al showed that only 40% of the cases that would have
required air transport prior to telehealth were transported after the
technology’s implementation.’

One area where telemedicine has lent itself easily to clinical ap-
plications is psychotherapy. Slightly more than half of clinical tele-
health sessions conducted in Canada in 2010 were for mental health
and addictions reasons.® In an extensive review of literature on the
topic, Gros et al found that telemedicine produced results similar to
those of in-person therapy or counseling.' Experts’ concerns about
the difficulty of patient assessment (eg observing tics) did not have
a detrimental impact on session outcomes. In some areas of psycho-
therapy, such as dignity psychotherapy, the ability to deliver care to
advanced disease patients in their homes is a particularly important
attractive feature of telemedicine."

Telehealth can also play a role in increasing access to medical
education for both medical students and practicing rural physicians.
Professional isolation is frequently cited as one of the main challeng-
es to recruiting and retaining physicians in rural areas.'>** Increasing
communication between urban centres of care and rural areas through
telehealth can potentially address many of the aspects of perceived pro-
fessional isolation and remove one obstacle to practicing in rural areas.

COSTS

In recent years, most provinces have introduced billing codes
to allow physicians to claim telemedicine services provided under
certain conditions. For instance, physicians in Ontario offering tele-
health services, once registered and approved, can have their billings
processed by the Ontario Health Insurance Plan (OHIP) claims pro-
cessing system. Certain restrictions, such as those on location and
type of service, apply to the claims.* Similar limitations apply in oth-
er provinces such as British Columbia and Manitoba.'®

SUCCESSES AND CHALLENGES

Although the use of telehealth has the potential to have a more pos-
itive impact on rural medicine, the introduction of change creates some
resistance in the beginning. This is shown in a survey of employees of ru-
ral hospitals that have adopted new technologies: while 66.7% of polled
employees were comfortable with the adoption of information and com-
munication technologies, 15% were still uncomfortable.!® Education on
the use of technology may help to overcome this initial apprehension.

Important factors shown to influence practitioners’ willingness
to adopt technology into their practice include economic ramifica-
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tions, efficacy, social pressure, and apprehension.”” Providers who
were initially apprehensive found it useful after it was implemented.
For instance, it allowed for monitoring of the patients’ status, includ-
ing blood pressure. They were initially worried about having less
contact with patients through telehealth but found it actually pro-
vided opportunities for more frequent contact, the ability to interact
with the patients in their own homes by transmission of physiological
data directly to the physician, increased service to the underserved,
and more timely and accurate medical monitoring of physiological
and daily symptomatic information.'®

Similarly, patients had positive experiences with telehealth.
They reported it lessened the burden of travel and taking time away
from work, and allowed them to have access to supports such as
friends and families since they did not have to travel to another loca-
tion.'” It also allowed for a more timely access to health care given the
ease of consulting specialists. Thus, telehealth is beneficial to both
patient and practitioner.

More research is needed to firmly establish telehealth as a safe
alternative to in-person consults. In several studies, telemedicine has
emerged as a safe modality for several clinical situations, including
minor injuries?® and providing neurology consults.?! However, these
results need to be carefully interpreted in the context of the small
samples used, and future research is expected to further elucidate
the long-term outcomes of using telehealth.

FUTURE

Despite the challenges, uptake of telehealth continues to rise
throughout the country. In recent years, telehealth has experienced
an average annual growth of 35% in Canada. At this rate, annual con-
sultations can reach more than 1,000,000 in 5 to 10 years. The esti-
mated cost savings at this level to the Canadian health care system
would exceed $700 million.®

CONCLUSIONS

In conclusion, telehealth can help equalize care delivered
throughout Canada. Since Canada is a vast country, it is impossible
to have equal access to health care resources universally. Telehealth
has allowed patients access to specialist physicians without the need to
traveling far, making it more convenient for both patients and doctors,
and more cost-efficient for the Canadian government. Even though
there is some initial apprehension to adopting technology into health
care practices for some segments of the population, once it is imple-
mented both practitioners and patients find it more convenient and ac-
cessible. With uptake on the rise, telehealth’s role within the Canadian
health care system is expected to continue to grow well into the future.
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Interview with Dr Ken Milne
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Dr Ken Milne is an emergency department physician, Chief of
Emergency and Chief of Staff at South Huron Hospital Association
in Exeter, Ontario. He has been an advocate for advancing the prac-
tice of rural medicine throughout his career. Originally from a farm
just outside of London, Dr Milne completed both his undergrad-
uate and graduate degrees at Western University before attending
medical school in Calgary. He returned to Western in 1997 for fam-
ily medicine training and began his medical career in Goderich,
where he currently resides with his wife and 3 children. In addition
to being a clinician, Dr Milne has been conducting research on ru-
ral medicine for the last 17 years and helped establish what is now
Discovery Week, an integral part of the Schulich School of Medi-
cine’s first-year curriculum. He is also the creator of the knowledge
translation project “The Skeptic’s Guide to Emergency Medicine”
(SGEM), which disseminates evidence-based information online so
patients can receive the best care. We met with Dr Milne over Goo-
gle Hangouts to talk about his colourful career, the unique aspects
of rural medicine and the challenges he faces working in a remote
location.

UWOMJ: What was your path to choosing rural medicine?

Ken Milne: In 1997, when I graduated and came back for my
residency, the OMA came out with the Geographic Redistribution
Program to drive physicians out of urban centers. If you stayed in a
city where there was a medical school, you would only be paid 70%
of your billings. But if you moved away, you could get 100%. My wife
and I drew a circle around London, where all our family was, and an
opportunity came up in Goderich where we live now.

Describe to us the community you currently serve and what
makes it unique.

The community I serve now is Exeter in South Huron. It has
about 4000 residents and it’s mainly a farming community. It also
services the tourist community of Grand Bend. The unique aspect
of practicing in a rural area is that I get to be the “ologist™: T get to
be the cardiologist, the gastroenterologist, the orthpediologist, the
pediatrologist and the gynecologist. We don’t have any operating
rooms or regular access to a surgeon. General surgery, pediatrics,
gynecology, dermatology and internal medicine rotate through
weekly, biweekly or monthly during visiting clinics. So in between
the one time a month when a pediatrician comes, I am taking care
of all the children. We are able to take care of most of the cases
without referring to someone in an urban center.

What do you enjoy most about rural medicine?

I get to use all my skills, knowledge and abilities to their fullest.
In an urban environment, you have to have more of a niche prac-
tice because of all those other specialists and sub-specialists around
you. As a rule in rural areas, we are it. And I love that.

Tell us about your research. Is there anything specific you
focus on?

My research for the last 17 years has been on rural medicine. It
involves focusing on issues in rural medicine and the delivery of ru-
ral care. It’s a golden age for rural research. There are so many un-
tapped questions out there that haven’t been answered. They have
been answered in urban environments but they haven’t been an-
swered in rural environments and there’s a big difference between
urban and rural delivery of care. The more research I do, the more I
understand the kind of care we give.

You were mentioning the differences between rural and urban
delivery of medicine. Can you go into some of those
differences?

In rural medicine, we are very much “high thought, low tech.” T
don’t have access to an x-ray lab after a certain time of night. Unless
I ship my patient out, I don’t get that CT scan, or MRI, or consult.
We really have to use my brain: we are inventive, we are early adap-
tors, we are creative out of necessity. We don’t have access to the
advanced imaging or to specialists. A patient would have to travel
a great distance to get to them. If we can figure out something that
would normally be referred out, we can take care of them locally.

We wanted to highlight the fact that you don’t have to be ata
tertiary care center or have a master of clinical epidemiology
in order to conduct good research.

Yes, you don’t need to. I have support through the Southwest-
ern Ontario Education Network (SWOMEN) and Gateway Rural
Health Research Institute, the only rural research institute in Can-
ada, where I am currently the Chair of Rural Medicine. These are
institutions that make a huge difference by supporting rural teach-
ing and research. And I like that SWOMEN sends me students who
challenge me and keep me on my toes.

What are the most challenging aspects of rural medicine?
Professionally, the biggest challenge is obtaining access to ad-

vanced imaging and to specialists when I need them. The farther

you are from a patient, the more dismissive a physician tends to be. I
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need to make sure that rural patients get the care that they deserve,
no matter where they are. On a personal level, living in a small town
can be a challenge for a spouse, for children and in terms of op-
portunities you may or may not want them to have, be it parks, or
sports, or academics. That might be hard for certain people. Rural
communities tend to be lovely, but homogenous. .

How do you address these challenges?

Advocate for your patients. Never give up. That’s the only thing.
It starts with patient care and ends with patient care. The stuff in
the middle doesn’t matter. They get the care they need and deserve.
And do it in polite and professional way.

How do you think rural medicine or research will change in
the future?

Research may become more difficult due to centralization—ev-
eryone seems to be choosing the care closest to home. We are rural
academic centers of excellence with amazing programs and success
stories from the periphery that Schulich can learn from. It’s a two-
way street.

In going rural, one of the most amazing things I’ve seen happen
is information technology. It has shrunk the world and made ac-
cess to information easier than ever before. We need to start teach-
ing medical informatics instead of the procedures themselves. You
can’t possibly cram every procedure and every clinical scenario into
your head, but you can learn an approach and how to access the
knowledge you need.

Tell us about your involvement with what is now Discovery
Week. What was the drive to start a rural week?

James Rourke, now the dean of Memorial University, and I set up
Rural Week in 1997. He knew I was interested in research and teach-
ing and he made me its undergraduate coordinator for the first three
years. He founded Southwestern Ontario Rural Medicine (SWORM),
before it became SWOMEN. He wanted to give every single first-year
student exposure to rural medicine, even if he or she may never want
to do rural medicine. We conducted research and Rural Week was
the most highly rated mandatory course of first year, for educational
value, and it gave people great first experiences.

Is there a certain personality that fits with rural medicine?
Is there anything else you wish you had known as a medical
student?

The personalities that go rural are the early adapters who can
really use all their skills and knowledge and resources.

What I would tell anybody is just figure out what gets you out
of bed in the bed, what keeps you working hard all day and what
makes you stay late. That’s what you should do the rest of your life.
If it happens to be rural, great; if it’s not, great too.

Any last take-home words about rural medicine?

Rural medicine generally allows people to have full practice
patterns and the opportunity to exercise their abilities, knowledge
and skills to the fullest. You have the privilege of an intimate rela-

tionship with your patients, you are able to make a difference at a
one-on-one level and also see patients around town. I'm not only
part of that patient’s life, but I am part of the community life. T get
to make a difference on an individual basis, on a community basis,
and because of research, I get to advance medicine for all rural com-
munities. .

Dr Milne has recently been awarded the Teacher of the Year
Award for Canada by the Canadian Association of Emergency
Physicians for his work on SGEM and the Schulich Award for Ex-
cellence for Faculty in Distributive Sites for his outstanding con-
tributions to medical education. His passion for patient advocacy,
innovative nature and ability to put his ideas into motion makes him
the perfect champion for rural medicine and medical education.
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Door-to-door-to-door

Interhospital transfer for urgent percutaneous coronary intervention

Anthony Chow (Meds 2016), Bashiar Thejeel (Meds 2016)

Faculty Reviewer: Dr Carolin Shepherd, MD

A family physician practising in Perth County is just about to be-
gin a Rourke Baby Record when a call comes in from the front desk
of the clinic: a patient complaining of chest pain is on his way to the
emergency department. Apologizing gently, the physician cuts the
appointment short and jogs across the street to the hospital.

Arriving at the ambulance bay is a 59-year-old man who is dia-
phoretic, cyanosed and in clear distress. According to the man’s wife,
the two had been preparing to go for a walk when, about 15 minutes
ago, he suddenly doubled over in pain, clutching his chest. The ac-
companying primary care paramedic helpfully clarifies that the chest
pain is retrosternal, pressure-like in nature and radiating down the
left arm beyond the elbow. Vitals obtained during transit reveal an
elevated heart rate of 85 and mild hypotension (115/75). To nobody’s
surprise, the automated 12-lead ECG interpretation reads “Acute In-
ferior STEMI” (ST-elevation myocardial infarction).

INITIAL MANAGEMENT OF ACUTE CORONARY SYNDROME

Acute coronary syndrome (ACS) is a disease of coronary ves-
sel obstruction, primarily due to the formation of clots secondary
to atherosclerotic plaque rupture. Myocardial infarction (MI) re-
fers to situations where cardiac tissue sustains irreversible damage,
which can happen with as little as 15 minutes of ischemia.! As such,
prompt assessment and management are key when ACS is strongly
suspected. After airway, breathing and circulation have been sta-
bilised, a cardiac-focused history and physical examination should
be obtained and 12-lead ECG taken. Blood should also be drawn for
evaluation of cardiac biomarkers, coagulation, glucose, lipid profile
and standard chemistry.? Aspirin is indicated and to be continued
indefinitely primarily for its antiplatelet properties, which have
been exhaustively shown to reduce the incidence of negative out-
comes in patients with all manner of cardiovascular disorders.? Ni-
troglycerin is indicated for vasodilation of coronary and systemic
vessels to improve blood flow to ischemic areas of the heart and re-
duce cardiac stress via decreasing preload and afterload. Since both
these mechanisms may potentiate severe hypotension and hemody-
namic decompensation, pre-existing hypotension, bradycardia and
recent phosphodiesterase inhibitor use (as for erectile dysfunction)
are important contraindications to nitroglycerin use.* Morphine is
used in this setting for its analgesic and anxiolytic effects, but it
must be carefully titrated because it causes systemic vasodilation
and can worsen hypotension.® Uniquely, inferior MIs may trigger
the Bezold-Jarisch reflex, a phenomenon that also leads to vagal
stimulation and hypotension. IV fluids or atropine can reverse this
effect.®

Aggressive treatment and an immediate cardiology consult are
necessary when ACS is complicated by cardiogenic shock, left heart
failure, or sustained ventricular tachyarrhythmia. Relevant signs

include hypotension, tachycardia, confusion, cool, pale skin and
pulmonary crackles.?

The physician, observing the ST-segment elevations in leads
11, IIT and aVF characteristic for an inferior STEMI, quickly rules
out relevant medical contraindications and orders STAT chewed
aspirin and intravenous fluids. Sublingual nitroglycerin and intra-
venous morphine are ordered with the risk of hypotensive crisis in
mind. Blood is drawn and immediately sent to the laboratory. An
urgent consult to the internal medicine service at the nearest ter-
tiary care centre is made due to concern about cardiogenic shock.

THROMBOLYSIS AND PERCUTANEOUS CORONARY
INTERVENTION

Given the underlying pathology, there are two approaches
to patients presenting with ACS: thrombolysis and percutaneous
coronary intervention (PCI). Thrombolysis is induced via IV ad-
ministration of fibrinolytic agents, and second-generation fibri-
nolytics like tenecteplase (TNK) preferentially activate clot-asso-
ciated plasminogen to effect clot lysis while limiting the increase
to systemic hypocoagulability. Such measures can restore coronary
artery patency in 80 to 90% of cases overall, thereby reducing the
risk of complications and death.” Concomitant use of low-molec-
ular weight heparins like enoxaparin decreases the risk of disease
recurrence and improves vessel flow.®

PCI is an umbrella term that includes several non-surgical
measures for restoring coronary blood flow. Generally, instruments
are inserted through catheters in the inguinal femoral or radial ar-
tery and guided via angiography to sites of reduced perfusion. Bal-
loon angioplasty compresses vessel obstructions to the sides of the
lumen, while atherectomy mechanically disrupts the blockage for
subsequent removal. Either technique may be augmented with the
placement of an intracoronary stent that helps prevent the recur-
rence of stenosis.”

There is ample evidence that PCI is more effective than throm-
bolysis at reducing death, reinfarction and stroke,'* but this ad-
vantage is less certain where PCI is not available. The theoretical
benefit of PCI over thrombolysis must be weighed against the delay
in treatment incurred during transfer to a PCI-capable facility. Cur-
rently, the American College of Cardiology Foundation and Amer-
ican Heart Association recommend thrombolysis as a first-line
treatment when it is anticipated that PCI cannot be performed ear-
lier than 120 minutes after first medical contact (FMC). In addition,
urgent transfer to a PCI-capable hospital for coronary angiography
is recommended even if thrombolysis appears to be successful."*

Many factors complicate the estimation of this timeframe in
the setting of a rural hospital. In Huron County, for example, 6 am-
bulances cover an area of 3400 km? while in Middlesex-London, 22
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units cover a similar area (and 8 of 13 ambulance stations are in the
city of London).'?* This illustrates the greater distances that must
be covered between responding to an emergency call, making FMC
and arriving at a local hospital and the fewer number of emergen-
cy response vehicles available to do so in a rural setting. In certain
areas and times of the year, factors such as road accidents and in-
clement weather further increase the uncertainty of any estimation
of FMC-to-PCI time."®

Returning to the case, the physician barks out an order for TNK
and enoxaparin while waiting for the local cardiologist to pick up
the phone. Several frustrating minutes of call routing later, a gen-
eral internist on the other end of the line agrees that the patient
would benefit from PCI, but gently rejects the request for transfer
as the lone PCI suite was unavailable. Eventually, a transfer is se-
cured to another hospital, 83 km away.

INTERHOSPITAL TRANSFER

Interhospital transfer of critically ill patients carries substantial
risk—patients in ground and air ambulances can become unstable
when jostled and are in a small space that is ill-equipped for medi-
cal manoeuvers and cut off from outside help. As such, it is usually
advisable to ensure patients are hemodynamically and otherwise
stable before departure.!® That said, stabilization efforts would be
carried out at the expense of PCI timeliness, and thus, some guide-
lines for interhospital transfer from PCI-incapable hospitals do not
recommend allowing patient instability to delay transport.'”

Telemetry should transition seamlessly from the emergency
room to the ambulance, if possible. Invasive blood pressure monitor-
ing is additionally recommended except for hemodynamically stable
patients with short predicted travel times. Where possible, electrical
equipment should be battery-powered and IV fluids and medications
delivered by syringe or infusion, rather than by gravity.'®

Ideally, a pair of physicians trained in airway management,
advanced cardiac life support (ACLS) and critical care should ac-
company an unstable patient during transport; realistically, this
standard is seldom met.'® In rural southwestern Ontario, essentially
all emergency department physicians are ACLS-trained, but formal
emergency medicine training is rare. Moreover, limited staff num-
bers at these centres can make the formation of an ideal transport
team impossible.!*2°

In the present case, the medical team manages to correct the
earlier hypotension somewhat while the consults were made. The pa-
tient is quickly bundled back into the ambulance he had arrived in and
the physician climbs into the back with him. The second emergency
physician on call is contacted and, leaving some home renovations
unfinished, joins the 2 nurses left to staff the emergency department.
With that, the ambulance speeds off with lights and sirens active.

After half an hour of travel, the patient develops an atrioven-
tricular (AV) block that rapidly progresses to ventricular tachycar-
dia (VT) with cardiac arrest.

ARRHYTHMIC COMPLICATIONS OF STEMI

Electrolyte imbalances, hypoxia, myocardial damage and ab-
normal sympathetic discharge secondary to MI together contribute
to a high risk of peri-infarction arrhythmias. Indeed, such events

occur in approximately 90% of all patients with myocardial infarc-
tion and are especially common in STEMI.?!

Both first-degree and second-degree (Mobitz) type I AV blocks
are potentiated by right coronary occlusion and these occur most
commonly with inferior M1.22 Neither usually requires treatment if
cardiac output remains adequate. Mobitz type II AV blocks, on the
other hand, indicate a poor prognosis and should be treated imme-
diately with transcutaneous pacing or atropine, if possible. Caution
should be used with atropine, however, as an increase in heart rate
can improve cardiac output but decompensate the heart.?*

All types of sustained VT require urgent intervention because
they severely decrease cardiac output, not infrequently to the point
of cardiac arrest, and have a tendency to progress to life-threaten-
ing ventricular fibrillation. Monomorphic VT should be treated
immediately with synchronized electrical cardioversion starting at
100 J, unless it is hemodynamically well-tolerated, in which case IV
amiodarone may be tried. Polymorphic VT is less common during
acute STEMI, but should it occur, it should be treated with imme-
diate unsynchronized electrical defibrillation starting at 120 or 200
J.2% Synchronized cardioversion can resolve VT with lower energy
and therefore expose the heart to less electrical damage, but it is
contraindicated in polymorphic VT because delivery of a charge
during a T wave can provoke ventricular fibrillation.?*

As the patient monitor alarms go off, the driver parks the am-
bulance at the side of the highway and offers to help manage vitals.
Meanwhile, the physician abandons a vial of atropine half-drawn
up and reaches for the defibrillator instead. Though telemetry re-
vealed a mostly monophasic pattern, defibrillation at 120 J was
deemed safer and thus administered.

Post-shock, the patient alternates between normal sinus rhythm
and Mobitz type II. The rhythm is of concern, but the patient seizes
and bites his tongue, which begins to bleed freely and compromis-
es his airway. A nasopharyngeal tube is successfully inserted despite
the cramped setting and the physician, never forgetting the ABCs,
switches to providing bag-valve-mask ventilation to preempt a drop
in O2 saturation. Without having to be told, the paramedic returns to
the driver’s seat and sets off. The remainder of the journey is merci-
fully uneventful.

The patient is received by a six-person team at the destination
interventional cardiology suite, just over 180 minutes after the 911
call was made. Our intrepid physician catches a ride back to the
clinic with the same ambulance and quietly prepares for the after-
noon’s appointments.
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A fungus in the haystack

An unusual pediatric case of otomycosis from a rural farming area

Eric Roszell (Meds 2016), Craig Olmstead (Meds 2017)

Faculty Reviewer: Dr Michael John, MD, FRCPC (Department of Medicine, Division of Infectious Diseases)

INTRODUCTION

When medical professionals are presented with a new patient,
the likely diagnoses are worked through first before some of the rarer
diagnoses, the zebras, are fully considered. What is important to con-
sider in the domain of rural medicine is that what may be uncommon
in big cities is common in a rural setting. In this edition of the zebra
files, we are introduced to a case that exemplifies this idea.

CASE PRESENTATION

Our zebra case begins with a 17-year-old Caucasian female that
presented to pediatric acute care with a 3-day history of right ear
pain.! When interviewed, she denied any recent airplane rides, loud
noises, swimming, or using cotton buds to clean her ears. Other per-
tinent negatives included no history of nausea, dizziness, or upper
respiratory symptoms. She did, however, complain of decreased
hearing in her right ear, as well as ear drainage and pain upon pin-
na manipulation. Otoscopy was performed and revealed a normal
tympanic membrane. Direct observations of inflammation were
not explicitly recorded at the time of initial presentation. Based
on these findings a diagnosis of otitis externa, or inflammation of
the external auditory canal, was made and the patient was started
on oral ciprofloxacin as well as ciprofloxacin-hydrocortisone otic
drops. It should be noted that topical agents are usually sufficient
for the treatment of uncomplicated otitis externa; oral ciprofloxa-
cin is usually reserved for those at risk of malignant otitis externa.
For most patients in this age group presenting with this constella-
tion of symptoms, antibiotic treatment of the bacteria underlying an
otitis externa would end the case here.?

Our zebra case, however, was not resolved so quickly. The pa-
tient returned to the clinic 9 days later complaining of worsening
right-sided hearing loss. Physical examination revealed a right ear
canal occluded with cerumen (earwax). Curettage and irrigation of
the external auditory canal were performed to remove the excess
wax, and the patient reported improved hearing. Five days later
the patient presented again to the emergency room, complaining of
right ear discomfort and hearing difficulties. Upon repeat curettage
and irrigation, purulent material and debris were removed. A neo-
mycin/polymyxin/hydrocortisone otic suspension was started and
the patient was asked to follow up in pediatrics. Five days later, the
patient still reported trouble hearing with the right ear. At this time,
it was noted that our zebra patient had several moist pieces of hay
in her hair and further history revealed that the patient had been
baling hay on a farm all summer. On physical examination, a white
mucoid material was visualized on the right tympanic membrane. A
culture of this material was obtained, resulting in an identification
of the fungus, Aspergillus niger, and a diagnosis of otomycosis was
confirmed.

OTOMYCOSIS

Otomycosis, or a fungal infection of the ear, can be caused by
many different fungal varieties, most commonly of the Aspergillus
or Candida genera.>* Almost all patients with otomycosis present
with pruritus of the ear;* otalgia, otorrhea, and hearing loss are also
common symptoms.>* In healthy patients, such fungal infections
are generally superficial in nature, presenting with chronic otitis
externa.* In immunocompromised patients otomycosis can prog-
ress beyond the outer ear, causing perforation of the eardrum and
in rare cases spread of infection to the middle ear or even to the
meninges or mastoid process. Being fungal in origin, otomycosis
is expectedly unresponsive to antibiotics.®> Swimming,* exposure
to polluted water,® the presence of skin-compromising conditions
such as psoriasis,®
ciated with otomycosis.

Diagnosis is based on history, physical exam, and visualization

as well as recent use of aural antibiotics are asso-
34

of the external ear.® If necessary, laboratory tests including cultures
can be employed to confirm that the nature of the infection is indeed
fungal and to determine its etiology.>® Where there is suspicion of
more advanced infection, both computed tomography (CT) of the
head and nuclear medicine bone scans can help characterize the
extent of disease by demonstrating destructive changes to nearby
cranial bones,*® while enzyme-linked immunosorbent assays (ELI-
SA) can detect fungal antigen in the serum and cerebrospinal fluid.?

When the infection is confined to the outer ear, treatment of
otomycosis typically involves mechanical removal of fungal mate-
rial from the ear in addition to administration of topical antifungal
agents.!® The specific topical antifungal used should depend on the
organism responsible for the infection.® Agents that work against
the most common fungi responsible for otomycosis, namely those
of the Aspergillus or Candida genera, are therefore preferred.® Keto-
conazole, clotrimazole, and micozanole are examples of appropri-
ate topical antifungals.>®

When the infection has progressed beyond the outer ear, sys-
temic antifungal treatments are necessary. Orally-administered
antifungals such as itraconazole and voriconazole function well
against both Aspergillus and Candida infections,® with voriconazole
demonstrating particular effectiveness against Aspergillus niger®
and invasive fungal infections.?

RETURNING TO THE CASE

Culture of the exudates from our patient’s ear canal revealed As-
pergillus niger. Aspergillus niger is a common fungus found through-
out the world,* known to cause black mold growth on certain fruits
and vegetables, particularly onions.” This fungus grows most readily
in hot and humid climates,” and the ear canal provides a suitable en-
vironment for its growth, particularly after exposure to water.>* This
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patient’s time spent baling moist hay was suspected as a contributing
factor to her otomycosis.! The patient was subsequently treated with
oral itraconazole, which resolved the infection. The usage of an oral
agent instead of a topical agent may suggest that there was a concern
that malignant otitis externa would develop in our patient; however,
the specific reasons leading to this clinical decision were not record-
ed. Generally, oral agents are only used in uncomplicated otomycosis
patients after topical agents have failed to resolve the infection.®

This case is unusual due to the conditions that led to the episode
of otomycosis. Although otomycosis is not rare, as 9 to 25% of otitis
externa is caused by fungi, it is generally not found without multiple
risk factors and is more common in tropical countries.! Most cases
are associated with immunodeficiency, swimming, topical steroids,
or other fungal skin infections, which were all determined to not be
factors in our zebra patient.! Our patient did, however, have some
risk factors: recent antibiotic use and exposure to farming activi-
ties. It has been reported in the literature that farmers are exposed
to high levels of molds and fungi during hay- or grain-handling
activities.! Although it has not been previously reported, this case
of otomycosis is believed to have originated from fungal exposure
during hay baling by our zebra patient. Furthermore, the use of an-
tibiotics may have exacerbated the initial fungal colonization. This
case suggests that otomycosis should be considered in rural farming
communities when patients present with otalgia and otorrhea. As a
result, this case demonstrates how in rural medicine practices, one
must consider how unique exposures can lead to diagnoses that are
not seen in larger centres.
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