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is not distributed uniformly. Furthermore, epilepsy data from the national sta-

common neurologic emergency, status epilepticus (SE) is a life-threatening man-
ifestation of epilepsy that demands prompt treatment to avoid death and long-
term sequelae. Therefore, we examined the rate of SE in a well-defined Canadian
Arctic region.

Methods: This study takes epidemiologic advantage of the Kivalliq Region's
geographical isolation, which is accessible only by air. All SE patients requiring
emergency care are consistently flown 1200-1900 kilometers to a single desig-
nated hospital in a distinct southern part of Canada for further management
and electroencephalography (EEG). We conducted a retrospective database and
chart review at this “bottleneck” hospital to identify patients with seizure(s) se-
vere enough to justify emergency airborne medical evacuation over a 11.25-year
period from 2009 to 2020.

Results: We screened 40 392 EEGs to yield 117 distinct medical evacuations
for “operational SE” from 99 patients to derive estimated SE incidences of 99.9
evacuations per 100 000/year and 84.5 patients per 100 000/year. The average
time from seizure onset to EEG was 3.2 days. Only 16.2% of SE patients had
known epilepsy. For “confirmed SE” cases meeting ILAE criteria, or cases with
persistently epileptiform EEG despite days of empiric treatment, estimated inci-
dence was 77.7 evacuations per 100 000/year and 64.9 patients per 100 000/year.
Significance: High SE and epilepsy rates in the Canadian Arctic are consistent
with LMIC rather than HIC. Our findings demonstrate the paradox of LMIC-
equivalent epilepsy populations camouflaged within HIC. Our findings also
highlight the long-standing plight of these under-served and overlooked popula-
tions hidden in plain sight.
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the original work is properly cited.
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1 | INTRODUCTION

The Canadian Arctic territories alone are almost 4 mil-
lion square kilometers in area, which is comparable in
size to the entire European Union combined (Figure 1)."
However, these territories are sparsely populated with
some of the lowest population densities on Earth.!
Delivery of modern medicine remains challenging, even
though these Arctic territories are technically located
within a high-income country (HIC). Furthermore,
health care does not fall under national federal jurisdic-
tion in Canada. Instead, each individual southern prov-
ince delivers an arbitrary patchwork of services that may
or may not include the northern Arctic territories.® This
non-standardized healthcare infrastructure often leads
to widespread geographical disparities across the second
largest country on the planet.

Such challenges can impact the delivery of health care
for epilepsy and seizures. Epilepsy affects at least 50 mil-
lion people worldwide with three times the risk of prema-
ture death.* The International League Against Epilepsy
(ILAE), International Bureau for Epilepsy, and World
Health Organization (WHO) have recently designated ep-
ilepsy as a public health imperative.* The WHO also notes
that epilepsy tends to affect more people in low-to-middle-
income countries (LMIC).* However, income distribution
is often unequal in both LMIC and HIC. For example,
extraordinarily wealthy persons in LMIC can have more
favorable social determinants of health than the most im-
poverished persons in a HIC. While Canada is overall high
in the United Nations Human Development Index, its
Arctic territory of Nunavut would rank 45th globally as its
own jurisdiction.” Furthermore, official policy-informing
national government data often entirely ignore the Arctic
population.®

Similarly, healthcare delivery challenges and unfavor-
able social determinants of health can affect the frequency
and severity of seizures, including status epilepticus (SE).
Because SE is a common and life-threatening neurologic
emergency that demands prompt treatment to avoid
death and long-term sequelae, we sought to determine
rates of SE in the Canadian Arctic for the very first time.
Specifically, we examine a vast, isolated, but well-defined,
northern geographical region accessible only by air' and
serviced exclusively by an academic medical center in a
distinct southern part of the country.

Key Points

o Patients with uncontrollable seizures in
Kivallig, Nunavut, Canada, are evacuated by
air to a single site over 1200-1900 km.

« EEG and chart review at the “bottleneck” evac-
uation site were performed over 11.25 years
using ILAE status epilepticus criteria.

« Incidences of operational and confirmed status
epilepticus are at least 99.9 and 77.7 evacua-
tions per 100 000/year, respectively.

« Epilepsy care resources in both the Canadian
Arctic, and the non-Arctic evacuation site, are
very limited.

« High rates of status epilepticus and epilepsy in
the Canadian Arctic are consistent with low-to-
medium-income countries.

2 | METHODS

The University of Manitoba Research Ethics Board ap-
proved this study. The designated neurosciences hospi-
tal for the province of Manitoba (“referral site”) provides
specialty healthcare services for the Kivalliq Region
(“Region”) of the Canadian Arctic territory of Nunavut.
This territory was created in 1999 and is the country's
newest (Figure 1). Each isolated community within the
Region is accessible only by air. Such isolation effectively
isolates settlements into functional islands even if they are
situated on the mainland." All patients with clinically di-
agnosed uncontrollable seizures require airborne medical
evacuation for further management. They are empirically
treated for SE before being flown a distance of approxi-
mately 1200-1900 km' over many hours to days to a single
referral site in Winnipeg, Manitoba. At this referral site,
patients undergo further clinical assessment and elec-
troencephalography (EEG) to rule out ongoing electro-
graphic seizures.

We searched the referral site's electronic EEG database
for inpatient tests with a registered Nunavut healthcare
insurance number. The search start date was September
2009 when EEG tests transitioned from paper to computer.
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Referral Site

FIGURE 1

C

(A) SE patients from the Kivalliq Region (deep red) of the northern Canadian Arctic territory of Nunavut (light red) are

medically evacuated to the nearest designated neurosciences hospital (deep blue star) in the adjacent southern province of Manitoba (light
blue) for further assessment and electroencephalography. (B) Outline map of Canada (thick lines) with the three Canadian Arctic territories
shaded. (C) Juxtaposed outline map of Europe (thin lines) with the member states of the European Union (EU) shaded. The Canadian Arctic
territories are comparable in size to the entire land mass of the EU [maps not to scale]

The search end date was November 2020 when revised
COVID-19 policy curtailed referral EEG volume. Exclusion
criteria were age under 16 years, repeat EEGs during the
same evacuation, patients flown to the referral site for a
routinely scheduled EEG appointment or elective epilepsy
monitoring, patients who developed SE outside the Kivalliq
Region while at the referral site awaiting an unrelated elec-
tive medical service, and patients with documented sole di-
agnosis of psychogenic nonepileptic seizures (PNES).

All included EEGs were designated as clinically “oper-
ational SE.” We then reviewed both paper and electronic
medical records, including neuroimaging databases, to
further refine SE diagnoses into cases with (a) charac-
teristics meeting the official ILAE definition of SE based
on clinical criteria alone,” (b) an epileptiform EEG, (c)
abnormal but non-epileptiform EEG, and (d) unremark-
able EEG. We classified the seizure(s) prompting medi-
cal evacuation as generalized motor, focal motor, focal
non-motor, paroxysmal loss of consciousness (LOC), or
continuous LOC. Epileptiform EEGs included evidence
of ongoing SE (defined by the Salzburg criteria®), burst
suppression, patterns along the interictal-ictal contin-
uum, and sporadic epileptiform discharges. Abnormal
but non-epileptiform EEGs showed focal or diffuse slow-
ing. Unremarkable EEGs did not show definite abnor-
mality, only showed medication effect from empiric SE
treatment, or yielded recording artifact. We used Stata 14
software to calculate and manage descriptive statistics
(College Station, USA).

3 | RESULTS

We found 40 392 EEG tests over 11.25 years at the refer-
ral site's EEG laboratory. We included 117 EEG tests after
applying exclusion criteria (Figure 2A). These tests repre-
sented 117 distinct medical evacuations for clinically “op-
erational SE” from 99 persons to yield 1.18 evacuations
per patient with a registered Nunavut healthcare insur-
ance number. 56% of patients were male. Mean age for all
patients was 41.2 years (range 16-84, Table 1). We used the
age at time of first evacuation when a patient was evacu-
ated multiple times. In eight patients (8%), operational
SE started in sleep. Evacuations were most commonly
attributable to self-harm or substance use, followed by
no known cause (idiopathic), history of epilepsy, hemor-
rhagic stroke, and systemic illness.

The “self-harm or substance use” category fell from
first to second place when etiologies were re-sorted from a
per-evacuation to a per-capita basis because some patients
were repeatedly evacuated. Similarly, “antiseizure med-
ication nonadherence” fell from sixth to ninth place be-
cause of repeated evacuations for this provoking factor. At
least one instance of nonadherence leading to operational
SE was the reported direct result of the only pharmacy in
the community running out of supply due to a blizzard
affecting shipment.

Ninety-six patients had neuroimaging after an evacu-
ation. 75.8% of all neuroimaging were MRI scans. 58.3%
of all neuroimaging was abnormal. The most specific
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A 40,392 EEGs in database over 11.25 years
from September 2009 to November 2020

| 40,003 EEGs excluded due to non-Nunavut healthcare insurance
" registration, and database entry spelling errors
h 4
| 359 EEGs |
| 186 EEGs excluded due to routinely scheduled appointment or
" elective epilepsy monitoring
v
| 173 EEGs |
i =I 43 EEGs excluded due to repeat tests during same evacuation
| 130 EEGs |
R 7 EEGs excluded due to development of SE while in Manitoba
awaiting another unrelated elective medical service
A 4
| 123 EEGs |
i :I 6 EEGs excluded due to documented PNES
117 EEGs

from 99 patients

B 117 AIRBORNE MEDICAL EVACUATIONS FOR OPERATIONAL SE
treated empirically with anti-seizure medication before evacuation and EEG
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(3 unknown)

FIGURE 2 (A) Electroencephalogram (EEG) and patient selection flow diagram. (B) Definitions of status epilepticus (SE) among
included EEGs. ART, artifact; dSLO, diffuse slowing; fSLO, focal slowing; IED, interictal epileptiform discharges; IIC, interictal-ictal
continuum; ILAE, International League Against Epilepsy; LOC, loss of consciousness, MED, medication effect; PNES, psychogenic
nonepileptic seizures; SB, burst suppression

epileptogenic lesions occurred in 10 patients with hip- throughout the 11.25-year period. Only 1 patient un-
pocampal or mesial temporal changes on MRI. Only 2 of ~ derwent epilepsy surgery in 2011, which was one year
these 10 patients had a documented history of epilepsy = before Manitoba could no longer sustain intracranial
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EEG capability. Overall, only 16.2% of 99 patients had a
known history of epilepsy who accounted for 18.8% of 117
evacuations.

The average time from symptom onset in the Kivalliq
Region to EEG recording at the referral site was 3.2 days
(Figure 2B), when such data were available on chart review
(72.6% of 117 EEGs). Inpatient EEG testing at the referral
site most often occurred in the Emergency Department,
followed by an internal medicine ward, an intensive care
unit, and finally a high observation unit, stepdown unit, or
neurosurgical ward (the referral site does not have a dedi-
cated geographical specialty neurology ward). Most evacu-
ations (70.9%) were due to generalized motor SE.

Seventy-seven of 117 (65.8%) evacuations met the ILAE
definition for generalized motor, focal motor, and focal
non-motor SE based on clinical grounds alone. Empiric
treatment started 2.2 mean days (53 hours) before EEG.
Six of 77 (7.8%) evacuations still demonstrated ongoing
electrographic SE. Most other EEGs showed focal slowing
(32.5%) at the time of recording. An additional 14 of 117
(12%) evacuations did not meet ILAE criteria, but demon-
strated epileptiform activity on EEG starting 4 mean days
(96.7 hours) after empiric treatment had begun. Two of
these 14 (14.3%) additional cases showed ongoing electro-
graphic SE. Another 17 of 117 (14.5%) EEGs were abnor-
mal but non-epileptiform by the time recording started 5.2
average days (125.3 hours) later. Nine more of 117 (7.7%)
EEGs were unremarkable by the time recording began a
mean 8.3 days (200 hours) later.

The most recent 2016 national government census
population data for the Kivalliq Region was 10 413.° A
total of 117 medical evacuations from this population rep-
resented 10.4 operational SE cases per year and 8.8 distinct
persons undergoing medical evacuations for operational
SE per year. This translates into an estimated incidence
of 99.9 evacuations per 100 000/year and 84.5 patients
per 100 000/year. We can further define “confirmed SE”
as ILAE-confirmed SE or operational SE cases with a de-
monstrably persistent epileptiform EEG. Rates of “con-
firmed SE” cases are 77.7 evacuations per 100 000/year
and 64.9 patients per 100 000/year.

4 | DISCUSSION

Despite a relatively low reported history of epilepsy,
we found a strikingly high estimated incidence of SE in
the Kivalliq Region of the Canadian Arctic territory of
Nunavut. Our “operational SE” incidences of 99.9 evac-
uations per 100 000/year and 84.5 patients per 100 000/
year rank high in the global SE literature (Figure 3A,
Table 2).'°?* Although high SE incidences have also been
reported for pediatric or elderly subgroups, they represent

the known bimodal epidemiologic peaks of SE.'** In con-
trast, our study excluded the first pediatric peak because
patients were 16 years of age or over. The majority of our
SE cohort was well within middle age (mean 41.2 years),
which usually represents an incidence nadir. Even after ap-
plying more stringent criteria to only consider “confirmed
SE” cases, our estimated incidence rates of 77.7 evacua-
tions per 100 000/year and 64.9 patients per 100 000/year
still remain elevated.'”>* Unfortunately, global literature
of SE incidence is biased toward HIC due to a paucity of
studies from LMIC, especially on adult patients. However,
SE generally occurs more often in LMIC than HIC. For
example, a district hospital-based cohort study of pediat-
ric convulsive SE from rural Kenya reported incidences as
high as 268 cases per 100 000/year in the 1-11 month age
group.zs'%

Given the Kivallig Region's high estimated SE inci-
dences for a HIC, we believe that these rates are consis-
tent with a LMIC rather than a HIC. For example, a male
born in Nunavut between 2017 and 2019 can expect to
live just 69.3 years.?” In comparison, the average life ex-
pectancy for Canada in general is 80 and 64.3 years in
Kenya.””*® We believe that the discrepancy in life expec-
tancy between Nunavut and the rest of Canada can be
explained by social determinants of health, such as the
challenges of healthcare delivery. For SE in particular,
familiarity with emergency seizure management in the
Arctic may be unavoidable due to patients frequently
presenting with seizures. However, knowledge of when
a seizure becomes SE is likely not widespread because
there are no neurologists in the Kivalliq Region. Even
at the designated neurosciences hospital to which pa-
tients are medically evacuated, resources are very limited
for a HIC to serve over 1.5 million people. Specifically,
there has been an ongoing neurologist shortage over
11.25 years. There is no stroke unit. Similarly, there is no
dedicated geographical specialty neurology ward. Adult
epilepsy monitoring occurred idiosyncratically on two
beds borrowed from an ill-equipped orthopedics ward,
until their indefinite closure by COVID-19. There has
been no access to intracranial EEG from 2012. Although
recurrent self-harm or substance use was the most com-
mon reason for medical evacuation, there is no psychi-
atric support in the province's only adult epilepsy clinic.
Referrals to psychiatry are permissible only by way of a
primary care physician.

As a result, formal epilepsy outreach to the Arctic
is nonexistent. Most patients are never followed in the
epilepsy clinic. At the same time, Indigenous persons
comprised 92% of the population in the Kivalliq Region."
A recent study from the adjacent Canadian province
of Saskatchewan found that the incidence of epilepsy
in the Indigenous population is double the national
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FIGURE 3

Operational SE

I[ Confirmed SE
\
\)".

Study region (adults), country of origin [reference number]

(A) Reported status epilepticus (SE) incidence for adults in the global literature. (B) Distribution of adult SE patients

with known prior diagnosis of epilepsy as reported in the global literature. The median of 41% is in agreement with a seminal SE study by

DeLorenzo et al.®°

average.>*'%?° Although ethnicity data were not avail-
able on chart review, there is no reason to assume that
Indigenous persons do not comprise a similar majority
of SE medical evacuations. Recurrent minor seizures
(and by extension, epilepsy) in this population may be
under-reported due to understandable enduring mistrust
of the healthcare system resulting from extreme histor-
ical inequities,” stigma against seizures, or cultural in-
terpretation of symptoms. The latter can be seen in other
conditions. For example, the diagnosis of narcolepsy
can be delayed for as long as a decade after symptoms
occur.”® Like many cultures around the world, unique re-
ports and interpretations of sleep paralysis in the Inuit
population stem from a mystical or shamanistic frame-
work.* Similar social considerations may apply to focal
seizures that impair consciousness. Reporting may be de-
layed, and medical attention sought only when seizures
become continuous SE.

Note the over-representation of high-income countries

These factors help explain why only 16.2% of our SE
cohort had a reported epilepsy history. Our rates are low
compared to the global SE literature. Although biased to
HIC, around 40% of SE patients in other studies had a re-
ported history of epilepsy (median 41%, interquartile range
35.5%-43.9%, Figure 3B).1021:23333% e pelieve that this
2.475-fold discrepancy is due to systemic under-resourcing
and under-recognition of epilepsy as in LMIC. In contrast, a
recent health report from the official government statistical
agency cited a national active epilepsy prevalence of 0.41%.°
This officially cited rate is consistent with a HIC, but in a
calculation that explicitly excludes the Arctic territories.® To
account for “missing” unrecognized epilepsy patients, let
us assume that HIC resources are available for diagnosis to
raise the proportion of patients with an epilepsy history in
our SE cohort from the observed LMIC-compatible 16.2% to
the expected 40% from the HIC-biased literature,'%%2%3334
This yields 24 additional undiagnosed epilepsy patients for
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a total of 40 SE patients with an epilepsy history. If we pre-
sumptuously apply the official active epilepsy prevalence
rate of 0.41% to official Kivalliq Region population data,
then this yields 43 total persons with epilepsy.” Even against
the backdrop of extremely limited health care, the result of
93% (40/43) of all epilepsy patients in the Region experienc-
ing SE within 11.25 years is unlikely. Most persons with ep-
ilepsy have discrete seizures that resolve prior to becoming
SE.!"5 Moreover, as few as 15% of epilepsy patients ever
develop SE at all.''*° Rather, it is more likely that there are
also many additional undiagnosed epilepsy patients outside
of our SE cohort. These additional patients can revise down
the total percentage of epilepsy patients with SE from 93%
toward a more realistic proportion. However, increasing the
total number of epilepsy patients also increases epilepsy
prevalence. Accordingly, we can conclude that the prev-
alence of epilepsy in this region is likely higher than the
national 0.41%.

A study limitation is EEG unavailability to confirm
SE during emergency treatment in the Region prior to
evacuation. By the time patients arrived at the referral
site many hours or days later, the first EEG often no
longer showed SE after empiric therapy. However, this
practice is consistent with SE being a clinical diagnosis
demanding immediate clinical management—not EEG,
which is an ancillary test.*® Furthermore, we believe that
the decision made to commit a patient to medical evac-
uation by air across thousands of kilometers is a rigor-
ous practical threshold that parallels the ILAE clinical
time threshold ¢t,: when treatment should be initiated for
SE.” Consequently, not all evacuated patients may have
had EEG. However, including these “missing” patients
would have only increased our estimated SE incidence
rates, which are already among the highest reported in
the global SE literature.

An additional limitation is the relatively crude meth-
odology adopted by this study. In the absence of coor-
dinated electronic healthcare infrastructure linking the
Arctic with the rest of the country, we relied on databases
from the referral site instead of local data directly col-
lected within the Kivalliq Region. In the further absence
of coordinated clinical epilepsy care at the referral site,
we also relied on the site's EEG database such that “oper-
ational SE” became the starting point of review. Because
the initial diagnosis of SE is clinical, and patients were
already treated prior to evacuation, the data obtained
from the referral center should be scrutinized for etiol-
ogy, predisposing, and contributing factors with caution.
It is likely that these factors severely underestimated the
actual SE incidence in the Kivalliq Region. At the same
time, these limitations represent a tremendous oppor-
tunity for future healthcare systems and epidemiology
research.

Another study limitation is the northerly location of
the Kivalliq Region, which is subject to extreme changes
in exposure to light and dark over the course of a year.
Although our global literature review was biased to HIC,
comparably high SE incidence was also reported from the
University of Kuopio catchment area in Finland.?® This
Finnish area shares the same geographical latitude as
the Kivallig Region, but it does not share the same social
determinants of health (eg, HDI, ethnicity).”> A possible
explanation is that dramatic circadian and circannual
changes may disrupt sleep to aggravate SE occurrence in
a manner independent of LMIC socioeconomic effects.
For example, almost 1 in 10 of our patients had SE wit-
nessed to arise from sleep. Another speculative possibility
is that mechanisms terminating a seizure may be altered
in Arctic populations. Genetic polymorphisms and al-
tered regulation of metabolic or neuro-excitatory function
may have evolved in adaptation to cold, or long periods
of light and dark lasting months. For example, metabolic
changes due to genetic causes have been reported for
fatty acid desaturases in the unique Arctic environment.*’
Furthermore, individuals from the Inuit population in
three different countries (Alaska, Greenland, and Canada)
also have a relatively high rate of obesity, a higher waist
circumference among women, higher blood pressure, and
lower high-density lipoproteins.*® While these geograph-
ical considerations remain speculative and cannot alone
account for high SE rates in the Kivalliq Region, they rep-
resent another exciting opportunity for further research
into the epileptic chronobiology of both Indigenous and
non-Indigenous circumpolar populations.

In summary, SE and epilepsy are endemic to the
Canadian Arctic at rates far greater than those officially
reported by the national statistical agency for a HIC.®
Rather, these rates are consistent with the higher epi-
lepsy burden cited by the WHO for LMIC.* The situation
is further aggravated by the nil to few HIC epilepsy care
resources at the non-Arctic referral site to which SE pa-
tients are routinely evacuated. To alleviate the suffering of
persons with frequent SE in the Kivalliq Region, we echo
recent concerted international calls to promote epilepsy as
a public health imperative and call for significant invest-
ment into epilepsy care. Our findings also demonstrate the
paradox that LMIC epilepsy populations around the world
do not necessarily need to live within LMIC—they may be
part of HIC, hiding in plain sight.
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