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Abstract 

The regular use of patient‑reported measures (PRMs) has been associated with greater patient satisfaction and 
outcomes. In this article, we will review the Calgary Comprehensive Epilepsy Program’s successful experience with 
PRMs in both clinical and research settings, as well as our current challenges and future directions. Our experience will 
illustrate that is feasible and convenient to implement PRMs, and especially electronic PRMs (ePRMs), into epilepsy 
clinics. These PRMs have direct clinical and research applications. They inform clinical decision making through readily 
interpretable scales to which clinicians can expeditiously respond. Equally, they are increasingly forming an integral 
and central component of intervention and outcomes‑based research. However, implementation studies are neces‑
sary to address knowledge gaps and facilitate adoption and dissemination of this approach. A natural symbiosis of the 
clinical and research realms is precision medicine. The foundations of precision‑based interventions are now being set 
whereby we can maximize the quality of life and psychosocial functioning on an individual level. As illustrated in this 
article, this exciting prospect crucially depends on the routine use of ePRMs in the everyday care of people with epi‑
lepsy. Increasing ePRMs uptake will clearly be a catalyst propelling precision epilepsy from aspiration to clinical reality.
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to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Introduction
While clinicians have always been attentive to patients’ 
perspectives, it was not until the late 1970s that patient-
reported outcomes (PROs) began to be applied in both 
clinical and research settings to formalize and optimize 
heath care interactions. We define PROs as outcomes 
directly reported by the patient, without interpretation 
by a third party, that pertain to that individual’s health, 
quality of life (QoL), or functional status (Table 1) in the 
context of his/her health care or treatment. We meas-
ure PROs using instruments known as patient-reported 
outcome measures (PROMs). In North America, the use 
of PROMs dates back to the Dartmouth Primary Care 
Cooperative (COOP) Project [1]. The regular use of 

PROMs has been associated with greater patient satisfac-
tion and improved communication between health care 
providers and patients [2, 3]. Patient-reported experience 
measures (PREMs) are related to PROMs. They are tools 
used to capture patients’ interactions with healthcare sys-
tems and the degree to which their needs are being met, 
according to the York Health Economics Consortium.

In the early 1980s, patients’ perspectives became a 
topic of interest in the field of epilepsy [4] in response 
to the growing research base of PROs in general. In 
the same decade, the first dedicated assessments of 
the QoL in people with epilepsy were reported [5]. 
In the 1990s, it became increasingly apparent that 
self-perceived health in those with epilepsy was sig-
nificantly different than that of their peers, and that 
disease-specific evaluations would be needed to best 
describe their unique lived experience. The goal is to 
produce measures with superior responsiveness to 
change over time that are more capable of capturing 
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small but clinically important changes in outcomes 
[6], although disease-specific and generic measures 
can demonstrate comparable performance in spe-
cific circumstances, such as when assessing response 
to antiseizure medications (ASMs) [7]. Over the next 
two decades, formal dimensions were defined and a 
plethora of epilepsy-specific (and epilepsy-targeted) 
PROMs were developed [8] that included the QoL in 
Epilepsy (QOLIE) inventories [9, 10], the Neurological 
Disorders Depression Inventory for Epilepsy (NDDI-E) 
[11], and the Epilepsy Surgery Inventory-55 [8, 12].

We have entered an era where PROMs are an essen-
tial component of outcome assessment in clinical tri-
als. For instance, surgical resection in patients with 
temporal lobe epilepsy not only reduces seizure fre-
quency, but also improves QoL [13], a decisive aspect 
that helps us better counsel patients who are consider-
ing temporal lobe operations during the preoperative 
period. However, in medically treated patients with 
epilepsy, reduction in seizure frequency may not be 
sufficient to improve health-related QoL and, there-
fore, seizure freedom should be the treatment target 
[14]. This is a critical point since reductions in seizure 
frequency, whilst a laudable goal given it may reduce 
risk of injury and death, may not have as significant 
an impact on QoL as complete seizure-freedom since 
even one seizure per year often precludes driving, con-
fers employment restrictions on patients, and can lead 
to seizure-related anxiety.

PROMs/PREMs in Alberta: the Calgary Epilepsy 
Program (CEP) clinical experience
The CEP maintains a patient registry on almost 6000 
people that includes longitudinal PROMs/PREMs data. 
The CEP registry began in 2007, and we quickly realized 
the clinical and research potential of PROMs/PREMs. 
By 2009, the CEP began routinely recording measures of 
QoL (10-item QOLIE, ‘QOLIE-10’) [15] and depression 
(NDDI-E) [11], and subsequently expanded to include 
the EuroQoL 5-Dimension 5-Level (EQ-5D-5L) instru-
ment, a preference-based generic health-related QoL 
measure [16]. These three instruments were originally 
selected due to their validity, reliability, low respondent 
burden and, in the case of the QOLIE-10, also due to its 
responsiveness to change.

In the CEP, seven PROMs are collected at every clinic 
visit and, therefore, map the longitudinal evolution of dif-
ferent PROs over time. Of them, two are generic PROMs: 
the EQ-5D-5L [16] and the 7-item Generalized Anxiety 
Disorder (GAD-7) scale [17] (Table  2). The remaining 
tools are epilepsy-specific (or epilepsy-targeted) PROMs: 
the QOLIE-10 [15], the Global Assessment of Severity 
of Epilepsy (GASE) scale [18], the Global Assessment of 
Disability of epilepsy (GAD) scale [19], the NDDI-E [11, 
20], and the Liverpool Adverse Events Profile (LAEP) [21] 
(Table 3). We have not used other PROMs in the past.

In 2019, the completion rates of PROMs/PREMs 
ranged from 65% (QOLIE-10) to 82% (GASE and GAD). 
This differential likely relates to respondent burden 
related to more questions within each scale. These are 

Table 1 Definitions of selected terms related to quality of life

Adapted from Higgins PT, Green S. Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0); Centers for Disease Control and Prevention. Measuring 
Healthy Days: Population Assessment of Health-related Quality of Life (2000); and The WHOQOL Group. The World Health Organization Quality of Life Assessment 
(WHOQOL). Development and Psychometric Properties. Soc Sci Med. 1998;46:1569–1585

Term Definition

Functional status An individual’s effective performance of or ability to perform those roles, tasks, or activities that are valued

Health‑related quality of life (HR‑QoL) Physical and mental health perceptions (e.g., energy level, mood) and their correlates—including health 
risks and conditions, functional status, social support, and socioeconomic status

Quality of life (QoL) Individual’s perception of their position in life in the context of the culture and value systems in which 
they live and in relation to their goals, expectations, standards and concerns

Table 2 CEP generic PROMs, these are also available as ePROMs

PROMs Patient‑reported outcomes measures; ePROMs electronic patient‑reported outcomes measures. PROs patient‑reported outcomes; EQ-5D-5L: 5‑level 
EuroQol 5‑Dimension 5 instrument. GAD-7 7‑item Generalized Anxiety Disorder scale
* Recently validated in people with epilepsy[17, 22]

PROMs PROs Target Characteristics Limitations

EQ‑5D‑5L Self‑perceived 
health state

Generic Ranges from 1 to 100. 100 represents the best health state 
imaginable

High ceiling effect, low 
variability in effect sizes 
[31, 32]

GAD‑7 Anxiety Generic* 7‑item scale [17]. Recommended cutoff point: > 7 [17]
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completion rates prior to the introduction of electronic 
PROMs/PREMs (ePROMs/ePREMs) that was vastly 
expedited in response to the COVID-19 pandemic. Our 
impression is that this implementation increased comple-
tion rates, especially given that to finish the form online, 
all questions must be answered and cannot be skipped. 
To facilitate uptake, especially during the pandemic, our 
administrative assistants routinely provide reminders to 
patients about the importance of completing these ques-
tionnaires over the telephone and via automated emails. 
We plan to formally evaluate the impact of these meas-
ures in the near future now that we are one-year into the 
pandemic at our clinical centre.

The GAD-7 is recommended for epilepsy care as the 
lifetime prevalence of anxiety disorder is higher than 20% 
in this patient population [22]. This scale can be used to 
rapidly detect generalized anxiety disorder in specialized 
epilepsy clinics [22]. A regular use of the NDDI-E is criti-
cal because depression occurs in up to one-third of peo-
ple with epilepsy and is associated with a poor response 
to ASMs, more side-effects, and a higher risk of mortality 
[20]. The CEP uses a cut-off of > 13, which is consistent 
with the optimal score identified in two separate meta-
analyses [20, 23]. As it is not currently clear whether 
the NDDI-E is able to detect change over time [24], we 
restrict its use to screening rather than actively treating 
the score itself.

We routinely use these two PROMs in clinical practice 
to screen and act upon mental health issues, i.e., anxi-
ety (GAD-7) and depression (NDDI-E). This is impor-
tant because the clinical interview by itself may fail to 
identify these conditions or to assess their severity. The 
NDDI-E is also useful as a screening tool about suicidal-
ity. In addition, we obtain the ‘one pager’ (see below) for 

every patient at every visit that, in addition to relevant 
clinical information, contains information about patients’ 
perception of the severity of their epilepsy, the disability 
related to seizures, their overall QoL, and their satisfac-
tion with ASMs.

The QOLIE-10 communicates epilepsy‐specific effects 
on mental health and everyday functioning, including 
employment, driving, and social engagement [2, 15]. The 
GASE and GAD scales measure self-perceived epilepsy 
severity and disability, respectively. Higher GASE scores 
are associated with ongoing seizures, polypharmacy, 
ASM side-effects, and more severe depression and anxi-
ety symptoms [18]. Similarly, higher scores on the GAD 
correlate strongly with self-perceived epilepsy severity, 
and moderately so with seizure frequency, current num-
ber of ASMs, ASM side-effects, and increasing severity 
of depression and anxiety symptoms [19]. Finally, the 
LAEP was developed to quantify patients’ perceptions of 
the side-effects of ASMs in the past 4 weeks [19, 21]. It 
includes 19 items, and they can be considered individu-
ally to specifically isolate symptoms related to an ASM, 
or globally as an overall score of tolerability.

One PREM is used alongside these PROMs (Table  4). 
The Treatment Satisfaction Questionnaire for Medication 
(TSQM) is a widely used PREM that was previously vali-
dated in a national panel study of chronic diseases [25]. 
In addition, this tool has been used to evaluate satisfac-
tion with ASMs in medically [26] and surgically treated 
patients [25]. This patient-reported measure (PRM) is not 
considered a PROM as it does not assess outcomes.

As PRMs are used for clinical decision making, we 
invite all patients to complete them before every clini-
cal encounter. Participation is completely optional, but 
patients are always encouraged to participate as some of 

Table 3 CEP epilepsy‑specific/targeted PROMs, these are also available as ePROMs

PROMs patient‑reported outcomes measures; ePROMs electronic patient‑reported outcomes measures; PROs patient‑reported outcomes; QOLIE-10 10‑item Quality 
of Life in Epilepsy Inventory; GASE Global Assessment of the Severity of Epilepsy; GAD Global Assessment of Disability; NDDI-E Neurological Disorders Depression 
Inventory for Epilepsy; LAEP Liverpool Adverse Events Profile

PROMs PROs Target Characteristics Limitations

QOLIE‑10 [15] QoL Epilepsy‑targeted 10‐item weighted score from zero (no QoL) to one hundred (maximal 
QoL). Assesses seven central components, including seizure worry, 
emotional wellbeing, fatigue, cognition, medications, social function, 
and overall QoL

GASE [18] Epilepsy severity Epilepsy‑specific Single‐item 0–7 scale with higher numbers representing more severe 
epilepsy

GAD [19] Epilepsy disability Epilepsy‑specific Single‐item 0–7 scale with higher numbers representing more 
disabling epilepsy

NDDI‑E [11] Depression Epilepsy‑specific 6‑item scale with scores that range between 0 (no depression symp‑
toms) to 24 (‘always or often’ answer in response to all six questions)

Unclear if able to 
detect change over 
time [24]

LAEP [21] Side effects of ASMs Epilepsy‑specific 19 symptoms on a 4‑point Likert scale [21]. The global score is 
achieved through simple addition; hence, scores can range from 19 
(no symptoms) to 76 (‘always or often a problem’ for all symptoms)
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the data from the questionnaires have direct implications 
for the clinical encounter (e.g., depression and anxiety 
scores). No specific incentives are offered for complet-
ing these questionnaires. At present, patients usually 
complete these questionnaires using a tablet in the clinic 
waiting room. Administrative assistants provide patients 
with this tablet and the data are uploaded to a Research 
Electronic Data Capture (REDCap) database where they 
are reviewed by the clinician. We have also been experi-
menting with electronic data entry via emailed REDCap 
surveys that can be completed in advance of clinics. This 
process has been accelerated by the COVID-19 pandemic 
during which virtual clinic visits were mandated [27]. 
These emailed surveys are convenient and allow clinicians 
to prepare for clinics by reviewing ePROMS/ePREMs 
prior to the patient encounter. However, maintaining 
comparable uptake to physical encounters requires more 
active participation on behalf of the administrative assis-
tants who send reminders and call patients to ensure 
they complete the forms. Barriers to full uptake include 
reliable internet access, spam filters that may automati-
cally remove the email from the patient’s inbox, and the 
resources and person-power required to send remind-
ers and explain the importance of ePROMS/ePREMs 
to patients. Caregivers may assist cognitively impaired 
patients in answering the questionnaires. In this case, the 
questionnaires are clearly identified as being completed 
by proxy, and who the proxy is.

These ePROMs/ePREMs readily inform and impact 
clinical practice in real time during the clinical encoun-
ter. For instance, using the REDCap tools, it is possible to 
automatically generate a PDF file (the ‘one pager’) sum-
marizing relevant demographic, clinical, and PRMs data 
(Fig.  1). This permits a rapid and concise review of the 
patient’s status without having to rely on the paper or 
electronic chart. Another application of ePROMs is auto-
mated notification. Consultant epileptologists in the CEP 
are immediately alerted via email when a patient reports 
an NDDI-E > 13. Similar warnings can easily be deployed 
for a variety of outcomes including a critical rise in sei-
zure frequency, development of ASM resistance (defined 
as failure of ≥ 2 appropriately chosen and dosed ASMs 
due to a lack of efficacy [28]), or high-risk suicidal idea-
tion (defined as scoring > 2 on item 4 of the NDDI-E [29]). 
Using electronic data collection, it is possible to generate 
automated clinic letters immediately after the clinic visit 
that includes a summary of all PROMs/PREMs collected 
leading up to and including that day’s encounter.

We are now in the process of deploying these 
approaches in centres across Canada as part of the Cana-
dian Observational Study on Epilepsy (CANOE). This 
initiative is intended to standardize data collection in 
participating centres for adult and pediatric patients 

with epilepsy. The overarching aim of this consortium 
is to study and provide new insights into the descriptive 
epidemiology, genetics, treatment patterns, and deter-
minants of health outcomes of epilepsy by using the data 
collected during routine clinical encounters in all par-
ticipating sites. All data are stored on centralized secure 
servers hosting REDCap with access governed by two-
factor authentication. In addition to physician-led clinical 
inputs, PRMs form a central aspect of this data repository 
with longitudinal recording of all our PRMs described 
above. If interested in CANOE, centres across Canada 
can contact the corresponding author of this article.

Eight epileptologists are currently using these PROMs/
PREMs in our center. In the past, three other epileptolo-
gists also used them. We show all available PROMS and 
PREMs on the ‘one-pager’ to facilitate clinical decision 
making. The intention is to provide the treating physi-
cian with immediate access to important information at 
the beginning of each clinical visit so issues surround-
ing depression (NDDI-E), suicidal ideation (item 4 of the 
NDD-E), and self-perceived epilepsy severity (GASE) 
and disability (GAD) can be readily identified and com-
prehensively managed, if present. Future studies will 
be required to gauge the degree to which access to this 
information truly alters clinical behaviour.

Our clinicians do not undergo formal training on 
PROMs/PREMs, but instructions are clearly provided to 
patients on the paper and electronic forms. We commu-
nicate the results of the PROMs/PREMs when evaluating 
and managing their medical and psychosocial health. At 
present, CEP PRMs are not used internally at the aggre-
gate level to compare performance across clinicians or 
to evaluate interventions, though this is feasible where 
required.

The CEP PROMs/PREMs and their utility in clinical 
research
Routine collection of ePROMs/ePREMs for clinical 
use also facilitates research. Patients are asked at their 
first clinic visit to provide consent to use these data  for 
research purposes. The rate of consent is 88.3%, mean-
ing that only 11.7% of people requested that their data 
only be used for clinical purposes. Readily available data 
in a digital registry permits rapid response to acutely 
evolving situations. For instance, from May to October 
2016, there was a shortage of clobazam, a level I critical 
ASM, in Canada. We were able to immediately react to 
this situation by assessing patient views and concerns, in 
part using their routinely collected PROMs data. At that 
time, no statistically significant differences were found 
between the pre- and intra-shortage periods in overall 
and epilepsy-related QoL (QOLIE-10), fear of having a 
seizure over the next four weeks (QOLIE-10 item 9), and 
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epilepsy severity (GASE) or disability (GAD) in patients 
who were taking clobazam. Hence, by using mixed meth-
ods approaches incorporating PROMs data, we were able 

to determine that patients felt supported and secure with 
their care despite the medication shortage [30].

In addition, we were interested in the growing use 
of cannabis-based treatments for epilepsy and their 

Fig. 1 The REDCap‑generated ‘one‑pager,’ a PDF file summarizing relevant demographic, clinical, and PRM data. Example based on simulated data
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interaction with PROs [31]. Therefore, with readily avail-
able granular data, we explored associations between 
recreational cannabis use and psychosocial PROs to 
inform future treatment trials. Of 337 patients with epi-
lepsy, regular cannabis use was associated with baseline 
depression (NDDI-E), lower QoL (QOLIE-10), and worse 
self-perceived epilepsy disability (GAD). Additionally, 
cannabis use mediated 7–12% of the effects of a premor-
bid psychiatric disorder on QoL and heath state valuation 
(EQ-5D-5L). Hence, we concluded that these data rein-
force the need for uniform inclusion of PROMs in future 
trials evaluating the antiseizure effects of cannabidiol.

We have also begun to use PROs for promoting preci-
sion medicine through advanced analytics. After apply-
ing unsupervised machine learning techniques to five 
PROMs (QOLIE-10, EQ-5D-5L, NDDI-E, GASE, and 
GAD), we identified three discrete profiles defined by 
high, intermediate, and poor psychosocial health clusters 
[2]. Furthermore, using adjusted multinomial regression, 
we were able to determine that social determinants of 
health (requiring social assistance, inability to drive, and 
psychiatric comorbidities), as opposed to seizures them-
selves, appear to predominantly determine placement 
in the poor psychosocial health cluster as compared to 
those with high psychosocial health. This data-driven 
algorithm can be deployed in clinical settings via elec-
tronic health records platforms to predict the patient’s 
overall psychosocial health trajectory. These findings will 
help inform clinical decisions and interventions. Plans for 
these studies are underway with an initial emphasis on 
improving social support and careful titration of ASMs 
for those reporting the worst psychosocial health, in 
order to help optimize health for patients with epilepsy 
[2].

The CEP PRMs and future directions
Epilepsy surgery is a crucial, and potentially curative 
option for those with drug resistant epilepsy. However, 
until recently, we have not had a PREM for assessing a 
patient’s satisfaction with surgery [25]. Therefore, we 
developed the Epilepsy Surgery Satisfaction Question-
naire (ESSQ-19) [25]. Patients were recruited from three 
centers in Canada (Calgary, Montreal, and Saskatche-
wan) and one in Sweden (Gothenburg). This 19-item tool 
has excellent internal reliability and test–retest reliability, 

poses minimal respondent burden, and can be used in 
both clinical and research settings. The ESSQ-19 has 
been validated in English, Canadian French, and Swed-
ish; and Portuguese, Mandarin, and Russian validations 
are underway. We anticipate this can be used not only to 
determine post-hoc evaluations of epilepsy surgery satis-
faction but, based on future studies, could also be used 
pre-operatively to counsel and advise patients regarding 
their likely perception of a completed operation should 
they choose to undergo the procedure.

In our centre, no implementation studies have been 
conducted to explore ways to improve PROMs/PREMs 
uptake by patients and to optimize application in clinical 
care. Such evidence on implementation will be necessary 
to facilitate adoption and dissemination of this approach. 
Ideally, through the CANOE consortium, we will be able 
to address this knowledge gap by running multicentre 
randomized controlled trials that evaluate outcomes, 
such as seizure-freedom, psychiatric disease severity, and 
treatment satisfaction, stratified by conventional care ver-
sus that aided by routinely and systematically collected 
PRM data and made available to clinical staff at each 
clinic visit.

Conclusion
PROMs/PREMs are widely used in neurologic care. In 
general, their implementation is associated with greater 
patient satisfaction and improved outcomes. It is feasi-
ble and convenient to implement PROMs/PREMs, and 
especially ePROMs/ePREMs, into epilepsy clinics. These 
PRMs have direct clinical and research applications. 
They inform clinical decision making through readily 
interpretable scales to which clinicians can expeditiously 
respond. Equally, they are increasingly forming an inte-
gral and central component of intervention and out-
comes-based research. A natural symbiosis of the clinical 
and research realms is precision medicine. The founda-
tions of precision-based interventions are now being 
set whereby we can maximize QoL and psychosocial 
functioning on an individual level. As illustrated in this 
article, this exciting prospect crucially depends on the 
routine use of ePROMs/ePREMs in everyday care of peo-
ple with epilepsy. Increasing ePRMs uptake will clearly be 
a catalyst propelling precision epilepsy from aspiration to 
clinical reality.

Table 4 CEP PREM: TSQM. This is also available as ePRM

PREM Patient‑reported experience measure; ePREM Electronic patient‑reported experience measure. TSQM Treatment Satisfaction Questionnaire for Medication

PRMs Variable Target Characteristics Limitations

TSQM Treatment satisfaction Generic Primarily measures four different domains: effectiveness, 
side effects, convenience, and global satisfaction [26]. 
Higher scores indicate greater treatment satisfaction [26]

Not previously validated in people with epilepsy
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