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Abstract

Background: We investigate the case-ascertainment accuracy for potentially active epilepsy of four administrative

healthcare datasets used to identify deceased adults in Scotland.

Methods: In this diagnostic accuracy study, unique patient identifiers were used to link administrative healthcare
data for adults (aged 16 years and over) who died in Scotland between 01/01/09-01/01/16. Cases were ascertained
from linking mortality records, hospital admissions, antiepileptic drug (AED) prescriptions, and primary care
attendances. We assessed ICD-10 codes G40 (epilepsy), G41 (status epilepticus), and R56.8 (seizures) listed as
causes of death and as hospital admission reasons, various AEDs, and F25 primary care epilepsy Read codes. These
epilepsy indicators were searched through 01/01/09—-01/01/16, suggesting active epilepsy during a maximal period
of seven years before death. They were compared to epilepsy diagnoses made from medical records reviewed by a
senior epileptologist, with a second senior epileptologist independently reviewing the medical records in a 10%
sample to check for specialist interrater agreement in epilepsy diagnoses. We validated how accurately epilepsy was
identified by each dataset alone and when combined, calculating positive predictive value (PPV) and sensitivity (with

95% confidence intervals (Cls)).

Results: 159,032 deceased potential epilepsy cases were captured across the four datasets. Medical records reviewed
in a random sample of 936 confirmed that epilepsy was present in 614 and absent in 322. Specialist interrater
diagnostic agreement was substantial (100 medical records reviewed in duplicate, kappa = 0.72, CI 0.58—0.86). G40—
41 cause of death codes had a PPV of 86% (CI 84-89%) and sensitivity of 73% (CI 69-76%). Adding R56.8 lowered
PPV to 69% (CI 65-72%) and raised sensitivity to 87% (CI 84-90%). The optimal algorithm combining two datasets
consisted of F25 Read codes paired with AEDs (PPV 86% (CI 80-92%), sensitivity 93% (CI 88-97%)). Also
effective was pairing G40-41 and/or R56.8 cause of death codes with AEDs (PPV 91% (CI 89-94%), sensitivity
81% (CI 77-84%)). Whilst algorithms combining three datasets raised PPV to as high as 93-95%, the associated

sensitivities were low (71% at most).

Conclusions: Routinely-collected Scottish data can accurately identify epilepsy in deceased adults. It may be
necessary to combine the diagnostic coding used with AEDs to ensure optimal case-ascertainment. The results help

inform the design of future Scottish epilepsy mortality studies recruiting from administrative data sources.

Keywords: seizures; diagnostic accuracy study; routine data; cause of death, ICD-10; mortality



1. Introduction

Epilepsy is common and contributes 0.7% of the global burden of disease according to various administrative
healthcare data sources (Murray et al. 2012; Thijs et al. 2019). Although administrative data are widely available
resources for epilepsy research (Garratt E et al. 2010 ), their accuracy in correctly identifying epilepsy cases requires
validation because the potential for epilepsy misdiagnosis remains large (Garratt E et al. 2010 ; ILAE 1993; Kee et
al. 2012; Mbizvo et al. 2020). This is because such data were originally collected for routine non-scientific purposes,

such as to help organise health insurance claims (England MJ et al. 2013).

People with epilepsy (PWE) are at increased risk of premature death (Escalaya et al. 2015; Levira et al. 2016;
Nevalainen et al. 2014; Shackleton et al. 2002; Thurman et al. 2017; Watila et al. 2018). In a recent systematic review
of mortality in PWE, we identified a paucity of studies assessing the validity of using administrative data to identify
epilepsy cases (Mbizvo et al. 2019a; Mbizvo et al. 2020). Most studies relied on identifying cases using unvalidated
epilepsy coding within hospital admissions data or International Classification of Disease (ICD) codes derived from
causes of death listed within death certificates (Mbizvo et al. 2019a; Mbizvo et al. 2020; Pickrell and Kerr 2020).
The presence of an epilepsy code within the listed causes of death of a patient does not necessarily mean they had
epilepsy. Various potential sources of error remain possible, such as an incorrect diagnosis of epilepsy being listed
by the death certifying doctor in a patient who did not actually have epilepsy (Death Certifcation Review Service
2016), or human error occurring during the subsequent coding process (O'Malley et al. 2005). For example, the G40—
41 ICD-10 codes for epilepsy and status epilepticus are often incorrectly coded as G43.1 (migraine) or G45.x
(transient cerebral ischemia) (Jette et al. 2010; Tan et al. 2015). Furthermore, a deceased PWE might not be identified
in an epilepsy mortality study if death certificates are the only source for case-ascertainment. This is because the
diagnosis of epilepsy would be excluded from their death certificate if epilepsy was not felt to have contributed to

causing death (Chief Medical Officer 2018; National Records of Scotland 2020).

In an ongoing, retrospective, population-based, Scottish Epilepsy Deaths Study (SEDS) (Mbizvo et al. 2019b), we
identified people who died who may have had active epilepsy before death by searching four linked administrative
healthcare databases for indicators of epilepsy occurring within a maximum of seven years before death occurred,
suggesting that epilepsy was still active (Fisher et al. 2014). In the current paper, we perform a diagnostic accuracy
study to investigate how accurately the coding strategies we used identified epilepsy within these four databases. The
outcomes of interest were positive predictive value (PPV) and sensitivity, the most commonly used outcomes in

studies validating the accuracy of administrative data in epilepsy (Kee et al. 2012; Mbizvo et al. 2020).



2. Methods

2.1 Environment

Healthcare to the five million population of Scotland is delivered by a single state-provided National Health Services
(NHS), administered by 14 regional Health Boards (Pavis and Morris 2015). To access NHS care, patients first
register with a general practitioner (GP), who provides them with a Community Health Index (CHI) number. This is
a unique patient identifier used whenever they subsequently access any NHS service. As 96.5-99.9% of the Scottish
population has a CHI number (Pavis and Morris 2015), it can be used to create nationally linked research datasets

derived from almost the entire Scottish population (Katikireddi et al. 2018).

2.2 Study design

We undertook a diagnostic accuracy study to assess how accurately administrative data identified epilepsy cases in
adults who had died between 01/01/09-01/01/16 and had been identified by various diagnostic coding and/or
antiepileptic drug (AED) strategies used within the following administrative healthcare databases: A) National
Records of Scotland (NRS) death records (Information Services Division 2016c¢); B) Scottish Morbidity Record 01
(SMRO1) hospital admissions (Information Services Division 2016b); C) Prescribing Information System (PIS)
Scottish prescribing data (Information Services Division 2016a); and GP primary care data. Each database was
searched for cases retrospectively between 01/01/09-01/01/16. We used hand-searched medical records as the
diagnostic gold standard against which to compare the administrative data for accuracy (Mbizvo et al. 2020). Given
the expectation of a large number of deceased participants to be captured by the four datasets, we aimed to review a
randomly generated convenience sample focusing on eight of 14 Scottish NHS Health Boards (Ayrshire and Arran,
Fife, Forth Valley, Grampian, Glasgow, Lanarkshire, Lothian, and Tayside) (Bossuyt et al. 2015). This study was
designed to conform to the Standards for Reporting of Diagnostic Accuracy Studies (STARD 2015) (Bossuyt et al.

2015).

2.3 Study population

Eligible participants were adults (aged >16 years) who had died between 01/01/09—01/01/16, were captured within
the administrative databases, and had medical records available for review. The focus was on adults as mortality in
children with epilepsy has been studied in detail elsewhere (RCPCH 2013) and was therefore not the focus of our

epilepsy mortality study (SEDS) — which was the data substrate for the current diagnostic accuracy study.

2.4 Linkage of datasets



The Scottish Information Services Division (ISD) is the legislated producer of NHS healthcare statistics to inform
quality assessment and Government resource allocation (Public Health Scotland 2020). Therefore, it is mandatory
for NHS care providers to submit their administrative data to ISD. ISD then collate and process these data to produce
several key national datasets (Information Services Division 2016b, 2016¢, 2016a). These national datasets are also
routinely extracted and made available to approved researchers in a secure analytical environment (Safe Haven) as
linked and deidentified research datasets (Pavis and Morris 2015). This process is managed by the electronic Data
Research and Innovation Service (eDRIS) of ISD, based at Farr Institute Scotland (Pavis and Morris 2015). Primary
care data from GPs can also be extracted for research purposes by an approved third party (Albasoft) (Albasoft 2020)
and transferred to eDRIS (Douglas et al. 2015). The availability of CHI numbers as unique patient identifiers makes
it possible to link primary care data to NRS, SMRO1, and PIS as these datasets also hold the CHI variable (Pavis and

Morris 2015).

We utilised these existing linkage infrastructures to establish an epilepsy mortality research dataset containing linked
national data from ISD and regional primary care data (Figure 1) (eDRIS Team 2020). To facilitate this, eDRIS
created a linked dataset in our Safe Haven containing deceased participants recruited according to the coding and/or
AED prescription criteria listed in A—D below (see Datasets) having occurred between 01/01/09-01/01/16. The codes
chosen were based on previous epilepsy validation literature (Kee et al. 2012; Mbizvo et al. 2020). We validated
accuracy of the coding and/or prescription conditions listed in A-D both alone and in multiple algorithm

combinations (61 in total, see tables 1-3).

2.5 Datasets (each searched through 01/01/09—01/01/16)

a) NRS death records (Information Services Division 2016¢): those who had died with >1 G40—41 (epilepsy and
status epilepticus) and/or R56.8 (seizure) code listed within their causes of death in the NRS death records. All
Scottish deaths are registered at NRS within eight days of occurrence using death certification (Chief Medical
Officer 2018). The causes of death are listed in Parts 1 and 2 of a death certificate as free-text. An automated
method of coding, based on a complex set of modification and selection rules, is then used alongside experienced
coding staff at NRS to convert the free-text causes of death in Parts 1-2 into their corresponding ICD-10 codes
(National Records Scoltand 2016). NRS arrange these ICD-10 codes into a single primary cause of death field
and up to nine secondary cause of death fields. Unique to Scotland, the causes of death are reviewed for accuracy
by the NRS staff and, where necessary, amended using information from various sources (see appendix A for

further details) (Death Certifcation Review Service 2016; Fernie 2019; National Records Scoltand 2016). We



extracted all of the ICD-10-coded causes of death and the corresponding Part 1-2 death certificate free-texts held

by NRS.
AND/OR

b) SMRO1 hospital admissions (Information Services Division 2016b): those who had experienced >1 hospital
admission diagnosis coded as G40—41 and/or R56.8, regardless of their cause of death. SMRO1 is a mandatory
national dataset capturing all of the inpatient hospital admissions in Scotland. 1.4 million SMRO1 records are
generated yearly (Information Services Division 2016b). Data collected include a mandatory diagnostic field

containing up to six ICD-10-coded hospital admission diagnoses (Information Services Division 2016b).
AND/OR

¢) AEDs on PIS (Information Services Division 2016a): those who were prescribed >1 AEDs (regardless of their
cause of death). PIS is a mandatory national prescribing dataset used to track the community drug history of the
entire Scottish population in order to facilitate public drug reimbursement (Information Services Division 2016a).
Approximately 100 million prescription data items are uploaded to PIS yearly (Information Services Division
2016a). We used PIS to screen for whether or not any deceased adults in Scotland were prescribed one or more
AEDs from a broad list of 36 AEDs provided in appendix B1 during the study period, recruiting any who were.
Such a broad list was aimed at increasing sensitivity, creating a file with the potential to have captured nearly all
PWE in the country who died (assuming that most were prescribed an AED) (Hamer et al. 2012). However, as
this broad list also included several AEDs often prescribed for indications other than epilepsy (e.g. gabapentin
and diazepam), we created an additional narrow AED filter in which such agents were excluded (leaving 21

AEDs, see appendix B2) to try and explore whether this would recruit a sample with fewer false positives.
AND/OR

d) Primary care: those who had >1 epilepsy-related (Read code F25) primary care attendance (regardless of cause
of death). Read codes are a coded thesaurus of clinical terms used in primary care to create electronic health
records (Fonferko-Shadrach et al. 2017). Currently, there is no routine primary care epilepsy dataset held at ISD
(Information Services Division 2020). Therefore, we established one consisting of 100 GP practices (a
convenience sample of 10% of 900 Scottish GP practices) using an extension of methods detailed elsewhere (see
appendix C for Read codes used) (Douglas et al. 2015; Fonferko-Shadrach et al. 2017; Pickrell et al. 2015). To

our knowledge, this is a larger sample of Scottish GP practices providing epilepsy data than other established



primary care datasets, including The Health Improvement Network and the Clinical Practice Research Datalink

(Herrett et al. 2015; Meeraus et al. 2013).

2.6 Establishing gold standard epilepsy diagnosis from medical records

Gold standard epilepsy diagnosis was established from reviewing all available medical records. Access to medical
records was made possible through the support of a national network of consultant neurology colleagues (one in each
of the 14 Scottish Health Boards), who were provided with CHI numbers of the validation sample by eDRIS. The
medical records were then reviewed by an experienced consultant epileptologist (S.E.D.), who was blinded to the
participants’ administrative data codes and used the medical records to confirm the presence or absence of epilepsy
(Kee et al. 2012; Mbizvo et al. 2020). This was based on corroborative evidence such as the presence of two or more
unprovoked seizures or clear documentation of a diagnosis of epilepsy from a neurologist (Fisher et al. 2005; Fisher
et al. 2014). The medical records were extensive, and included electronic and paper records from general and/or
specialist inpatients, emergency care, outpatients (including neurology clinics), hospital discharge summaries,
referral letters from GPs, radiology scans, neurophysiology reports, and medication lists. This meant that although
our network of neurology colleagues could provide access to medical records, it was not necessary for the patients
themselves to have been followed by a neurologist or under specialist care (i.e. they could have had only non-
specialist general inpatient/emergency care attendances in their medical records). A second consultant epileptologist
(R.F.M.C), also blinded to the participants’ administrative data codes, independently reviewed a random sample of
10% of the validated medical records in NHS Lothian to confirm the presence or absence of epilepsy using the same
diagnostic inclusion methods (Fisher et al. 2005; Fisher et al. 2014). This was done to assess for interrater agreement
(Landis and Koch 1977; Viera and Garrett 2005). Participants were sampled using electronically-generated random

numbers.

2.7 Statistical analysis

The primary focus was to validate cause of death ICD-10 coding, secondarily supported by validating epilepsy
hospital admissions coding in SMRO1, AEDs prescribed in PIS, and primary care epilepsy coding. Therefore, we
ensured randomisation was weighted toward oversampling from the NRS dataset such that 80% of the validation
sample were captured by at least one G40—41 and/or R56.8 code within their listed causes of death, using
electronically generated random numbers to sample participants. Cohen’s kappa statistic was used estimate interrater
agreement (above chance) between S.E.D and R.F.M.C for medical record epilepsy diagnoses (as yes, no or unclear

due to missing or incomplete medical records). The following cut-offs were used: kappa < 0: no agreement; 0.00—



0.20: slight agreement; 0.21-0.40: fair agreement; 0.41-0.60: moderate agreement; 0.61-0.80: substantial agreement;

0.81-1.00: almost perfect agreement (Landis and Koch 1977; Viera and Garrett 2005).

We validated each of the 61 study algorithms (tables 1-3), reporting a PPV and sensitivity for each (with 95%
confidence intervals (Cls) generated using an exact method) (Du Z and Hao y 2019). For clarity, we grouped results
into Levels 1, 2 and 3 — presenting the results of a single, two combined, and three combined database coding or
AED strategies, respectively. We arranged results in order of highest to lowest PPV. We identified the optimal case-
ascertainment algorithm(s) as those with the highest PPV and sensitivity in combination. Categories with five or less
events/participants were combined to minimise risk of patient identification (eDRIS Team 2018). Data were analysed
using the "reportROC" and "cutpointr" packages in RStudio Version 1.2.1335 (Du Z and Hao y 2019; RStudio Team

2015 ; Thiele C 2020).

2.8 Approvals
The study was approved by South East Scotland Research Ethics Committee 2 (IRAS 181131, 15/SS/0165), and

Scottish Public Benefit and Privacy Panel for Health and Social Care.

3. Results

3.1 Population capture and validation sample characteristics

eDRIS removed 11 people (<1%) and 420 people (5%) from the NRS and SMRO1 data files, respectively, as they
had no CHI number; precluding linkage. Linkage was otherwise complete and a large dataset containing information
from 159,032 deceased adults across Scotland was created for this study (see figure 1). From these, a sample of 1,002
participants had their medical records reviewed, confirming the presence of epilepsy in 614, and absence in and 322.
The remaining 66 participants were excluded from the validation analysis due to missing or incomplete medical
records. Specialist interrater diagnostic agreement was classed as substantial (100 medical records reviewed in
duplicate, 87 observed agreements, 54 agreements expected by chance, kappa = 0.72, 95% CI 0.58-0.86) (Landis
and Koch 1977). The 936 validated participants had a mean age of 62 years (19 years SD). 491 were male (52%)).
Participants were mainly from Lothian (n = 264), Glasgow (n = 215), Tayside (n = 145), and Grampian (n = 142),
with the remaining 170 spread between Ayrshire and Arran, Fife, Forth Valley, and Lanarkshire. The denominator

for validating the primary care dataset was 155 persons for whom primary care data were available.

3.2 Level 1 — validation of a single database coding or AED strategy
Table 1 summarises Level 1 validation results. Within causes of death in the NRS death records, the optimal coding

strategy in terms of PPV was using either G40 (epilepsy) alone or G40—41 (epilepsy and/or status epilepticus): PPV



range 86-90%, with overlapping Cls. This indicates that when present, these causes of death normally reflected a
correct diagnosis of epilepsy. However, the associated sensitivities were relatively low (ranging 69—73%, with
overlapping Cls), indicating that many positive cases were also missed by each of these coding strategies (high burden
of 168-192 false negatives). This is intuitive, as epilepsy and/or status epilepticus might not have appeared on the
death certificate of a PWE if they did not die of these (National Records of Scotland 2020), making them appear
falsely negative within NRS cause of death coding. The addition of seizures (R56.8) to the G40—41 epilepsy and/or
status epilepticus cause of death coding strategy pushed sensitivity up to a much higher 87% (CI 84-90%), lowering
the burden of false negatives to 81. However, the PPV for this coding strategy was poor (69%), owing to many false
positives (243) also being associated with the addition of seizures (R56.8). Within causes of death in the NRS death
records, the poorest PPV and sensitivity results were from lone R56.8 codes for seizures (PPV 39%, sensitivity 17%)
and lone G41 codes for status epilepticus (PPV 61%, sensitivity 6%). These results likely reflect appropriate use of
the death certificate to indicate instances when people died of acute symptomatic seizures or de novo status epilepticus

without an underlying diagnosis of epilepsy (Chief Medical Officer 2018; Middleton et al. 2018).

A coding strategy combining G40—41 and/or R56.8 within hospital admissions data from SMRO1 had a PPV of 80%
and sensitivity of 73%. This indicates that when present, a hospital admission with these codes often reflected a
correct diagnosis of epilepsy but many positive cases were also missed (high number of 164 false negatives). This is
intuitive, as not all deceased PWE would have had a prior hospital admission due to epilepsy and they would therefore

appear falsely negative on SMROI.

Within the PIS dataset, both our broad list and narrow list of AEDs (appendix B) performed similarly well in terms
of a very high sensitivity (91-94%, with overlapping Cls), indicating that they both had the ability to capture almost
all cases of epilepsy in the sample validated (capturing 560-576 of the 614 cases). However, PPV was much higher
for the narrow list AEDs (90%, CI 87-92%) compared to the broad list AEDs (79%, CI 77-82%), indicating that
there were many more additional false positive cases captured by the broad list of AEDs (149 false positives) than
the narrow list AEDs (64 false positives). The narrow list AEDs were, therefore, more reliable as a case-ascertainment
method. The potential impact in this may be illustrated by the large difference in numbers of participants captured
by these two AED strategies within the wider PIS dataset (see figure 1). There were 157,509 deceased persons
captured by the broad list of AEDs within the wider PIS dataset. Restricting this to only those taking AEDs in the
narrow list removed a substantial proportion, 135,049 participants, leaving a remaining 22,460 captured by the
narrow list AEDs alone. The PPV and sensitivity figures in the sample validated are highly suggestive most of the

22,460 captured by this narrow list had epilepsy whilst a large number of the additional 135,049 captured by the
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broad AED list were probably false positives. This is consistent with our clinical knowledge that the AEDs that
differentiated our narrow list from our broad list of AEDs (e.g. diazepam and gabapentin) are frequently used for

conditions other than epilepsy and therefore are likely to have contributed many false positives.

F25 epilepsy Read codes within GP primary care data had a low PPV of 77%, suggesting that these were poor at

correctly identifying epilepsy.

3.3 Level 2 — validation of algorithms combining two database coding or AED strategies together

Table 2 summarises the Level 2 validation results, assessing 25 algorithms. The highest PPV of 100% was conferred
by combining F25 epilepsy Read codes in primary care with R56.8 seizures codes within the NRS causes of death,
but this is unlikely to have been reliable as there were very few people actually captured by this approach and it
missed most of the positive cases (7% sensitivity). PPV was otherwise similarly high between 85-94% for the next
16 algorithms (all with overlapping Cls) regardless of the database assessed or coding strategy used within these 16
algorithms. This suggests that the combination of two databases together normally captured a correct diagnosis of
epilepsy and was more important than the specific algorithm used within each of those databases. However, there
was some variation in the associated sensitivities across these 16 algorithms, with the highest sensitivity (93%, CI
88-97%) conferred by combining F25 epilepsy Read codes from primary care with AEDs in the narrow list (appendix
B2). This strategy had the ability to capture nearly all of the epilepsy cases within the validation sample for whom
primary care data were available (111 of 120 epilepsy cases captured). The next most effective coding strategy was
combining G40—41 and/or R56.8 causes of death codes with AEDs in the narrow list (sensitivity 81%, CI 77-84%).
This combination of both a high PPV and sensitivity strongly suggests the 1,921 cases this algorithm captured within
the wider dataset, all of whom died with epilepsy (G40), status epilepticus (G41), or seizure (R56.8) codes listed as
their causes of death, were likely to have had epilepsy. Removing R56.8 from this algorithm in NRS did not change
PPV as it was 94% (CI 92-96) in G40—41 without R56.8 and 91% (CI 89-94%) with R56.8 included. However, the
loss of R56.8 lowered sensitivity greatly to 68% (CI 65-72%) from having been 81% (CI 77-84%) with R56.8
included. This means that in these circumstances, the R56.8 cause of death code was helpful in allowing the algorithm
to capture a larger proportion of the deceased cases (494 of 614) without creating many additional false positives.
The narrow list of AEDs also helped to increase the PPVs of SMRO1 hospital admissions captured by G40—41 and/or
R56.8 codes to 93% (CI 90-95%) compared to when hospital admissions were coded alone in Level 1 (PPV 80%,
CI 77-84%), although sensitivities remained similarly low: 68% (CI 64%—72%) for the former and 73% (CI 70—

77%) for the latter.

3.4 Level 3 — validation of algorithms combining three database coding or AED strategies together
10



Table 3 summarises the Level 3 validation results, assessing 27 algorithms. The first six achieved PPVs of 100% and
included data from primary care. However, these are unlikely to have been reliable as there were very few people
actually captured by these algorithms and they missed most of the positive cases (2—6% sensitivity). Although the
next 20 algorithms demonstrated a very high PPV between 84-95% (with overlapping Cls), the overall limitation to
accuracy came from generally poor sensitivities, ranging between 5—71% across these 20 algorithms (most between
50-60%). This is intuitive in that whilst having epilepsy indicators in three different databases may streamline a
patient well into a correct administrative epilepsy diagnosis (high PPV and low false positive rate), not all PWE will
have had an opportunity to be captured in three different databases (lowering sensitivity and increasing false

negatives).

4. Discussion

We have undertaken the first data-linkage and validation study to focus on establishing how accurately administrative
healthcare data identify epilepsy cases in deceased adults (Kerr 2012; Mbizvo et al. 2020). The findings are likely to
be relevant mostly to active cases of epilepsy prior to death, as we required the coded seizure and/or AED prescription
indicators of epilepsy be present within a maximum of seven years before death. The International League Against
Epilepsy defines epilepsy remission as 10 years seizure-free, with the last 5 years off AEDs (Fisher et al. 2014). We
have made three key findings that may help future researchers aiming to identify deceased epilepsy cases using

administrative data.

First, we show that ICD-10-coded causes of death alone can be used to identify epilepsy in a fairly accurate manner,
although the codes need to be selected appropriately to include either G40 (epilepsy) alone or G40—41 (epilepsy and
status epilepticus) without R56.8 (seizures) to allow PPVs of >90% to be achieved. However, as the associated

sensitivity is likely to be ~70%, we caution that such an approach is likely to also miss many positive cases.

Second, if the resources are available to do so, our study indicates that there is additional value in linking a second
administrative healthcare dataset to cause of death coding in order to help improve the overall diagnostic accuracy.
Where the option is present, the second dataset should consist of a carefully selected group of AEDs more commonly
used in epilepsy. When these are used in combination with cause of death codes G40—41 and/or R56.8, PPVs >90%
and sensitivities >80% can be achieved. Whilst primary care data alone (#25 epilepsy Read codes captured by GPs)
are potentially unhelpful in identifying epilepsy cases in a deceased population, combining these with a selected
group of AEDs more commonly used in epilepsy may be effective, achieving PPVs >85% and sensitivities >90%.

There have been few studies validating the accuracy of primary care data in capturing epilepsy cases worldwide
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(Fonferko-Shadrach et al. 2017; Mbizvo et al. 2020; Meeraus et al. 2013; Pickrell et al. 2015; Tu et al. 2014), perhaps
because of difficulties obtaining such data. Our findings help promote increased use of primary care data to help

identify epilepsy cases.

Finally, we caution against using an algorithm linking in a third dataset to two already linked datasets when trying to
identify deceased epilepsy cases because although this tips the balance towards a very high PPV (often 93-95%),
there are likely to be many missed positive cases and therefore unhelpfully low sensitivity. The maximum sensitivity

we were able to achieve across algorithms containing three linked datasets was 71%.

In a previous systematic review, we showed that ICD-10 codes are generally good at identifying epilepsy cases within
administrative healthcare datasets of living populations, with PPVs and sensitivities frequently >80% (Mbizvo et al.
2020). The results of our current study are supportive of this, although we caution against making direct comparisons
between living and deceased epilepsy populations. More research will be needed to help further ascertain how
accurately administrative healthcare data can identify epilepsy cases in deceased populations (Pickrell and Kerr

2020).

Our study’s strengths include that the sample validated were taken from a linked dataset containing virtually the
entire deceased Scottish population of interest using the three national ISD datasets, supplemented by potentially the
largest deceased primary care epilepsy dataset in Scotland (Herrett et al. 2015; Meeraus et al. 2013). This is also the
first dedicated diagnostic test accuracy study for cause of death coding in epilepsy (Mbizvo et al. 2020; Pickrell and
Kerr 2020). Although the diagnostic accuracy of mortality coding has been extensively validated in other areas, such
as in sudden cardiac death (Singh et al. 2019), there is a currently a paucity in epilepsy literature perhaps due to lack
of a robust infrastructure to allow access to individual patient medical records as a diagnostic reference standard
(Mbizvo et al. 2019a; Pickrell and Kerr 2020). Our study was strengthened by national access to in-depth medical
records through a supportive network of neurology colleagues. The sample was not limited to patients under specialist
neurology care as all of the available medical records were reviewed, including in cases were only non-specialist
attendances to emergency care/inpatients had been made by a patient. This helped to allow the sample to be more
representative of the general population, where some patients are not known to a specialist. Our study focuses on
validating coding strategies used within potentially active epilepsy cases as future research into epilepsy-related

mortality is likely to benefit more from ascertaining active than resolved epilepsy cases.

Our study’s main limitation was being unable to provide valid negative predictive value (NPV) and specificity

estimates, as all study participants were included based on having at least one epilepsy indicator across one or more
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databases. Therefore, any NPV and specificity estimates could not be generalised to a population without epilepsy
indicators. This limitation is unlikely to have changed the external validity of our study as in a recent systematic
review, we identified that NPVs and specificities in administrative epilepsy data accuracy studies are typically >90%
(Mbizvo et al. 2020), meaning our study is perhaps unlikely to have contributed any new information about these
outcomes. However, our systematic review also noted that across the 30 available studies validating administrative
epilepsy data globally, less than half were able to provide data on NPV and specificity due to similar problems gaining
permissions or access to a disease-free cohort (Mbizvo et al. 2020). This is an obstacle that will require further
consideration in future studies validating administrative epilepsy data. Another limitation of our study was failure to
have all of the medical record cases reviewed in duplicate by two specialists. This was due to study resource
limitation. We ameliorated this limitation by checking diagnostic interrater agreement in a 10% sample (n = 100) of
duplicate-reviewed medical records, ensuring experienced epileptologists reviewed the medical records and were
also blinded to the administrative coding of participants. It remains possible that there may have been bias towards a
positive gold-standard epilepsy diagnosis in cases previously managed by a neurologist versus those which were not
although this is unlikely to have been significant in this study because the medical records available were extensive
and included GP referral letters from primary care, secondary care records, and emergency care records, increasing
the chances that the clinical information available was sufficient to allow our experienced team of consultant
epileptologists to make an independent diagnosis of epilepsy in the absence of any additional neurology support. A
potential limitation was failure to establish a gold-standard diagnosis in 66 participants with incomplete/missing
medical records. Overall, this is unlikely to have changed our conclusions given these individuals would have formed
only seven percent of the sample validated. Finally, not all countries will have the advantage of administrative
datasets with national coverage as in Scotland, perhaps limiting the overall generalisability of our study. However,
this is something many countries will be working towards, e.g. in Canada, Holland, and Italy, where there are already
vast networks of administrative data (Franchi et al. 2013; Tu et al. 2014; Wassenaar et al. 2018), and so our study

helps provide a framework for the methodological avenues researchers could use to validate such datasets.

In conclusion, our study increases confidence in the validity of using administrative data to identify epilepsy cases in
mortality studies, particularly when using ICD-10-coded causes of death linked to appropriately chosen AEDs. This
helps provide a context within which further work can be done to investigate the rate of epilepsy-related deaths,
proportion that were potentially avoidable, and modifiable risk factors (Mbizvo et al. 2019b). Our findings also
support the utility of establishing disease-based mortality registries for surveillance, such those available in the UK,

US, and Canada (Donner EJ and Devinsky O 2018; Thomas and Osland 2020; Verducci et al. 2019). The study
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focuses on validating data from deceased adults and future work will be required to also assess how accurately

administrative healthcare data identify epilepsy in deceased children.
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Figure legends

Figure 1: Study design — 1A Flow diagram summarising flow of participants to create a linked research dataset;
1B — Venn diagram summarising distribution of the deceased population captured across the databases. The primary
care database was unable to be included in the Venn diagram due to risk of patient deidentification as some of the
overlapping categories with other databases contained five or fewer participants.

Abbreviations: AED — antiepileptic drug; F25 — primary care diagnostic Read codes for epilepsy; G40—41 —
International Classification of Disease 10 (ICD-10) codes for epilepsy and status epilepticus; R56.8 — ICD-10 code

for seizures; CHI — Scottish Community Health Index NHS patient identification number; GP — General practitioner
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