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Abstract

Introduction: Administrative hospital diagnostic coding data are increasingly being used in identifying incident and

prevalent stroke cases, for outcome audit and for ‘big data’ research. Validity of administrative coding has varied in

previous studies, but little is known about the temporal trends of coding accuracy, which could bias analyses.

Patients and methods: Using all incident and recurrent strokes in a population-based cohort (Oxford Vascular Study/

OXVASC) with multiple sources of ascertainment as the reference, we determined the temporal trends in sensitivity and

positive predictive value of hospital diagnostic codes for identifying acute stroke from 2002 to 2017.

Results: Of 1883 hospitalised strokes, 1341 (71.2%) were correctly identified by coding. Sensitivity of coding improved

over time for all strokes (ptrend¼ 0.005) and for incident cases (ptrend¼ 0.002). Of 1995 apparent stroke admissions

identified by International Classification of Disease-10 stroke codes (I60–I68), 1588 (79.6%) used the stroke-specific

codes (I60–I61/I63–I64). Positive predictive value was higher with the use of specific codes (83.2% vs. 69.2% for all

codes) and highest if combined with the first admission only (88.5%), particularly during more recent time periods

(2014–2017¼ 90.3%). Of 2254 OXVASC incident strokes, 833 (37.0%) were not hospitalised. Sensitivity of coding

increased over time for non-disabling stroke (ptrend¼ 0.001), but not for disabling/fatal stroke (ptrend¼ 0.40).

Conclusions: Although accuracy of hospital diagnostic coding for identifying acute strokes improved over the last

15 years, residual insensitivity supports linkage to other sources in large epidemiological studies. Moreover, differences

in the time trends of coding sensitivity in relation to stroke severity might bias studies of trends in stroke outcome if only

administrative coding is used.
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Introduction

Stroke is the second leading cause of death and the

main cause of long-term neurological disability in

adults.1 Routinely collected administrative hospital

diagnostic coding data are inexpensive and widely

available in electronic format and are therefore increas-

ingly being used for quality audit, for ‘big data’

research, including studying time-trends of stroke inci-

dence and outcome.2–4 However, in many countries

hospital diagnostic coding is not designed for research

purposes and is often done by non-clinical clerical staff

and largely depends on their interpreting medical notes

and applying appropriate codes.3,5 Therefore, accuracy
of hospital coding can be inadequate and the sensitivity
and positive predictive value (PPV) of coding in iden-
tifying acute stroke cases could bias the results of some
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studies dependent on the research questions.5

Moreover, change of coding quality over time could
also potentially bias results of clinical studies focusing
on temporal trends.

Validation of administrative coding data has been
done in several studies, but results were inconsistent,
with a wide range of sensitivity (42–96%) and PPV (6–
97%) reported.3,6 Most studies examined codes from
the International Classification of Disease (ICD) 8th
and 9th revisions, and the majority were done before
year 2000.3,6 Since then, healthcare systems in
European countries have switched to use ICD 10th
revision. Advances in neuroimaging, particularly the
increasing availability of MRI for suspected stroke
might also have resulted in improvement of coding reli-
ability over time, as might change in reimbursement
incentives. One French study suggested that PPVs of
hospital diagnostic codes in identifying acute stroke
improved significantly in 2004–2008.7 We recently
showed that sensitivity of coding is still poor in identi-
fying inpatient acute strokes complicating procedures
or other diseases,8 but in-hospital stroke only accounts
for a small proportion of acute strokes and little is
known about the temporal trends of coding accuracy
for identifying all acute stroke cases. In light of the
widespread use of coding data in stroke research in
the UK and no change of reimbursement policy for
hospital coding for stroke,2,3 we studied data from a
prospective population-based stroke incidence study
(Oxford Vascular Study) that included multiple sources
of ascertainment to determine the temporal trends of
sensitivity and PPV of hospital administrative diagnos-
tic codes for identifying acute stroke in 2002–2017.

Methods

The Oxford Vascular Study (OXVASC) is an ongoing
population-based study of the incidence and outcome
of all acute vascular events.9 The study population
comprises all 92,728 individuals, irrespective of age,
registered with about 100 general practitioners (GPs)
in nine general practices in Oxfordshire, UK.

The study methods have been reported elsewhere.
Briefly, multiple overlapping methods of ‘hot’ and
‘cold’ pursuit were used to achieve near complete ascer-
tainment of all individuals with transient ischaemic
attack (TIA) or stroke.9 These include: (1) a daily,
rapid access ‘TIA and stroke clinic’ to which partici-
pating GPs and the local emergency department refer
individuals with suspected TIA or minor stroke; (2)
daily searches of admissions to the medical, stroke,
neurology and other relevant wards, including also
screening all patients undergoing elective or emergency
coronary, carotid or peripheral vascular investigations
or interventions; (3) daily searches of the local

emergency department attendance register; (4) daily
searches of in-hospital death records via the bereave-
ment office; (5) monthly searches of all death certifi-
cates and coroner’s reports for out of hospital deaths;
(6) monthly searches of all brain and vascular imaging
referrals; (7) monthly searches of GP diagnostic coding
and hospital electronic record discharge codes, using a
wide preselected ICD 10 codes (I60–I68; G45–G46;
H34) that occurred at any diagnositc position. All
potential cases identified by coding will subsequently
be reviewed by study clinicians for adjudication.
Stroke was defined as rapid-onset symptoms and/or
signs of focal, and at times global, loss of cerebral func-
tion, with symptoms lasting more than 24 h or leading
to death, with no apparent cause other than of vascular
origin.9 TIAs (i.e. event lasting for less than 24 h) with
acute infarct detected on brain imaging are not includ-
ed as strokes.

Patients with suspected stroke were seen by study
physicians as soon as possible after the initial presenta-
tion. Baseline demographic data, vascular risk factors
and other comorbidities were collected from face-to-
face interview and cross-referenced with primary care
records. Detailed clinical history was recorded in all
patients and assessments were made for stroke severity
using the National Institute of Health Stroke Scale
(NIHSS). Major stroke was defined as NIHSS� 5.
Patients routinely had brain imaging (CT or MR), vas-
cular imaging (Carotid Doppler or CT-angiography/
MR-angiography or digital subtraction angiography),
12-lead electrocardiography (ECG) and standard blood
tests. ECG, 24-h ECG (HOLTER) and five-day ambu-
latory ECG monitoring were done when clinically indi-
cated. If a patient died before assessment, we obtained an
eyewitness account of the clinical event and reviewed any
relevant records. All cases were reviewed by the senior
study neurologist (PMR) for final adjudication, and rea-
sons for exclusion were recorded.

All patients were followed up face to face at 1, 6, 12,
60 and 120months by a study nurse or physician to
determine recurrent strokes. For patients who had
moved out of the study area, telephone follow-up was
done. All patients were flagged for the Office for
National Statistics mortality data and all deaths
during follow-up were recorded with causes. All recur-
rent strokes that presented to medical attention would
also be identified by the ongoing daily case ascertain-
ment. If a recurrent stroke was suspected, the patient
was re-assessed and investigated by a study physician.

Statistical analyses

To calculate sensitivity of hospital coding in identifying
acute stroke episodes, we used all strokes ascertained
and adjudicated in OXVASC in 2002–2017 with
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multiple sources as the reference standard. Cases iden-

tified by stroke-specific codes (I60–I61, I63–I64) as the

primary diagnosis were considered as correctly identi-

fied cases by coding. We also reported the number of

‘false-negative’ cases that could be identified by coding

if other codes or diagnostic positions were used.
To calculate PPVs, we compared all the stroke admis-

sions of the study population identified by coding only

with all adjudicated OXVASC stroke ascertained in the

same period (2002–2017). Although as part of the ‘cold

pursuit’ methods in OXVASC, clinical adjudication was

performed for all potential cases identified from hospital

discharge coding using ICD-10 codes I60–I68, G45–G46

and H34 at any diagnostic position, for the purpose of

the current study, and particularly to avoid overestima-

tion of ‘false-positive’ cases, only cases identified by

ICD-10 codes I60–I68 as the primary diagnosis were

considered as coding-identified stroke admissions.
We assessed the time trends of coding accuracy (sen-

sitivity and PPVs) in identifying acute stroke cases in

five consecutive 3-year periods (2002–2005, 2005–2008,

2008–2011, 2011–2014, 2014–2017) using Chi-square

test for trend.
For change of coding sensitivity over time, analyses

were performed for all hospitalised stroke cases, all

hospitalised incident stroke cases and for all incident

strokes, with further stratification by age, stroke sever-

ity (non-disabling vs. disabling and fatal) and stroke

subtype (ischaemic stroke, intracerebral haemorrhage

and subarachnoid haemorrhage).
For change of PPVs over the study periods, given the

lack of consensus about which codes should be used for

identifying stroke outcomes, analyses were stratified by

different searching strategies, which included using all

ICD-10 non-specific codes (I60–I68; I62 – subdural hae-

morrhage, nontraumatic extradural haemorrhage, and

unspecified intracranial haemorrhage, I65 – occlusion

and stenosis of precerebral arteries, not resulting in cere-

bral infarction, I66 – occlusion and stenosis of cerebral

arteries, not resulting in cerebral infarction, I67 – other

cerebrovascular diseases, I68 – cerebrovascular disorders

in diseases classified elsewhere) for possible stroke, using

stroke-specific codes alone (I60–I61, I63–I64), including

all admissions, excluding stroke admissions within

28 days of a known previous stroke admission, or

including only the first admission. Analyses stratified

by age and stroke subtype were also performed.
All analyses were performed using SPSS version 22.

Standard protocol approvals,

registrations, and patient consents

Written informed consent from patients or assent from

relatives was obtained in all participants in OXVASC.

OXVASC was approved by the local research ethics

committee (OREC A: 05/Q1604/70).

Results

Of 3011 strokes ascertained in OXVASC from 2002 to

2017, 1883 (62.5%) were hospitalised (1647 admitted

for the acute stroke, and 236 already in the hospital

for other diseases at the time of stroke). A further

1044 (34.7%) cases were managed in outpatient clinics

or in the community and 84 (2.8%) happened out of

the area or abroad, and were not expected to be iden-

tified by local hospital diagnostic codes. The distribu-

tions of where patients were managed did not change

over time, both for all stroke cases and for the 2254

(74.9%) incident cases (Web appendix 1).
Among all 1883 hospitalised stroke cases, 1341

(71.2%) were identified by diagnostic codes at dis-

charge. The sensitivity of hospital coding to identify

admitted stroke cases did not differ between incident

and recurrent stroke cases (incident vs. recurrent:

71.1% vs. 72.1%, p¼ 0.68) but was much lower for

stroke cases that happened during admission for

other diseases (39.8% vs. 75.7% for those admitted

for suspected stroke, p< 0.0001; Table 1) and was

also lower in patients with posterior circulation vs.

anterior circulation event (60.9% vs. 71.9%,

p¼ 0.0002).
Table 1 shows the change of coding sensitivity to

identify hospitalised stroke cases over time. Overall

sensitivity improved from 71.3% in 2002–2005 to

77.3% in 2014–2017 for all ascertained stroke cases

(ptrend¼ 0.005; Table 1). However the apparent

improvement in sensitivity was mainly accounted for

by better coding for cases that were admitted for sus-

pected stroke, and there was no change in coding sen-

sitivity to identify stroke cases that happened during

admission for other diseases (Table 1). Results were

consistent in analyses confined to incident stroke ascer-

tained in OXVASC (Table 1).
Reasons for coding-missed hospitalised strokes

(‘false negative’) also changed over time (Web appen-

dix 2). Although complete omission remained the most

common reason (n¼ 287/53.0%), there were more

‘false negative’ cases with potentially relevant coding

in non-primary diagnostic positions (Web appendix

2). Results were again similar for incident strokes

(Web appendix 2).
Of 2254 incident stroke cases, 833 (37.0%) were not

hospitalised in the local area. As shown in Figure 1,

sensitivity of coding in identifying any stroke improved

significantly over time, yet during the period of 2014–

2017, 229 (49.6%) of all 462 incident strokes would

have been missed if no additional ascertainment
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sources were used (Figure 1), particularly if non-
disabling (n¼ 183/63.1%; Figure 1).

Among all incident strokes, there were 1938 ischae-
mic strokes, 221 intracerebral haemorrhages and 95
subarachnoid haemorrhages. Of 1011 correctly identi-

fied stroke admissions, 46 (4.5%) had wrong subtyping,
which decreased over time (Web appendix 3).

Consequently, increasing sensitivities of coding to iden-
tify any stroke or any hospitalised stroke over time
were consistent for ischaemic and haemorrhagic

strokes (Figure 2). Moreover, among all ischaemic
stroke cases identified with I63 or I64, there was
increasing use of I63 over time (n/% – 53/38.1% in

2002–2005 vs. 149/84.7% in 2014–2017,
ptrend< 0.0001). However, hospitalisation rates were

significantly lower for ischaemic compared to haemor-
rhagic strokes (n/%: 1147/59.2% vs. 274/86.7%,
p< 0.0001). Therefore using hospital discharge codes

alone would miss more ischaemic than haemorrhagic
incident strokes cases (Figure 2), even during the last
study period (coding missed incident stroke in 2014–

2017: 211/54.4% vs. 18/24.3%, p¼<0.0001; Figure 2).
Analyses for age-specific temporal trends of coding

sensitivity are presented in Web appendix 4. Sensitivity
did not differ by age in identifying hospitalised stroke

(p¼ 0.98) and the improvement over time was most
marked for patients aged �75 years (71.6% in 2002–
2005 to 82.1% in 2014–2017, ptrend¼ 0.003; Web

appendix 4). However, as expected, hospitalisation
rates for stroke increased with age (n/%: 289/54.9%
at age <65 years vs. 838/67.4% at age over 75 years,

p< 0.0001). Consequently, sensitivity of using coding

to identify any incident stroke cases increased with age
(ptrend¼ 0.001; Web appendix 4). The significant
improvement of coding sensitivity over time was

again seen at older ages but not at age <65 years
(Web appendix 4), although at age �75 years, 41.5%
incident stroke cases during 2014–2017 would still have

been missed if only hospital discharge codes were used.
There were 1995 stroke admissions identified by hos-

pital discharge coding using the full non-specific ICD-
10 codes for stroke (I60–I68), of which 1588 (79.6%)

admissions used the specific codes (I60, I61, I63 and
I64). PPV improved with specific codes (83.2% vs.
69.2% for all codes) and was highest if combined

with the first admission (88.5%; Table 2). Despite the
differences in coding accuracy by searching strategy,

PPV improved significantly over time for all strategies
(Table 2). Using specific codes and first admission only,
the PPV for coding increased from 84.4% in 2002–2005

to 90.3% in 2014–2017 (ptrend¼ 0.001; Table 2). The
trends were consistent for ischaemic stroke (Table 3)
and intracerebral haemorrhage (Table 4), but not for

subarachnoid haemorrhage (Table 4), although there
were too few events to draw reliable conclusions.

Reasons for ‘false-positive’ cases are listed in Web
appendix 5. When possible non-specific stroke codes

and all admissions were used, miscoding elective admis-
sions for rehabilitation, investigations or procedures for
prior stroke as new stroke (n¼ 317/52.1%) was the most

common reason, followed by non-stroke diagnosis
(n¼ 249/41.0%). Reassuringly, misdiagnosing admis-
sions for stroke rehabilitation as new strokes decreased

from 28.1% in 2002–2005 to 5.5% in 2014–2017.

Table 1. Time trend of the accuracy of hospital discharge codes in identifying hospitalised stroke cases ascertained using multiple
sources (sensitivity) stratified by initial reasons for admission.

All hospitalised cases Admitted for suspected stroke

Stroke during hospital

admission for other disease

Year (coding identified/total, %) (coding identified/total, %) (coding identified/total, %)

All stroke cases

2002–2005 256/359 (71.3) 231/303 (76.2) 25/56 (44.6)

2005–2008 232/358 (64.8) 217/315 (68.9) 15/43 (34.9)

2008–2011 278/402 (69.2) 253/349 (72.5) 25/53 (47.2)

2011–2014 278/380 (73.2) 266/338 (78.7) 12/42 (28.6)

2014–2017 297/384 (77.3) 280/342 (81.9) 17/42 (40.5)

ptrend 0.005 0.004 0.49

Total 1341/1883 (71.2) 1247/1647 (75.7) 94/236 (39.8)

Incident cases

2002–2005 179/253 (70.8) 169/223 (75.8) 10/30 (33.3)

2005–2008 174/276 (63.0) 163/244 (66.8) 11/32 (34.4)

2008–2011 204/298 (68.5) 194/268 (72.4) 10/30 (33.3)

2011–2014 223/297 (75.1) 215/268 (80.2) 8/29 (27.6)

2014–2017 231/297 (77.8) 216/265 (81.5) 15/32 (46.9)

ptrend 0.002 0.002 0.43

Total 1011/1421 (71.1) 957/1268 (75.5) 54/153 (35.3)
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As expected, if only stroke-specific codes and first
admission were used, non-stroke diagnosis miscoded as
stroke became the most common reason (n¼ 113/
74.3%) and the reasons for ‘false-positive’ cases did
not change over time (p¼ 0.24; Web appendix 5).

Analyses for temporal trends of PPV by age are
presented in Web appendix 6. Among all 1995 stroke

admissions identified by hospital discharge codes, 463
(23.2%) were of patients aged <65 years, 418 (21.0%)
between 65 and 74 years and 1114 (55.8%) over
75 years. PPV for coding to identify true acute stroke
cases increased with age, from 58.5% (95% confidence
interval [CI] 54.0–62.9%) in those aged <65 years to
75.8% (73.2–78.2%) at age>75 years if full codes and

(a)

(b)

(c)

Figure 1. Impact of using hospital discharge codes in identifying incident stroke ascertained in OXVASC with stratification by study
period and stroke severity. p value indicates the trend for incident stroke cases correctly identified by coding (sensitivity) over time.
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all admissions were used (ptrend< 0.0001), and from
82.9% (78.1–86.8%) at age<65 years to 90.3% (88.1–
92.2%) at age>75 years if specific codes and fist admis-
sion were used (ptrend¼ 0.001). The overall improve-
ment of PPV with time was seen at older ages (Web
appendix 6), and the PPV was 95.0% (90.7–97.4%) in
2014–2017 when specific codes and first admissions
were used. However, there was no change in PPV for
patients at age<65 years, even when specific codes and
first admissions were used (PPV 2014–2017: 78.1%,
95%CI 66.3–86.6%; Web appendix 6).

Discussion

Using all acute stroke cases ascertained in a

population-based cohort as the reference standard, we

showed that both sensitivity and PPVs of administra-

tive hospital diagnostic coding of acute stroke cases

improved in the last 15 years, with PPV >90% in

recent years if stroke-specific codes plus first admission

were used. However, despite improvement over time,

hospital coding still lacked sensitivity. One fourth of

hospitalised stroke cases and half of all incident strokes

would have been missed if no additional ascertainment

sources were used. Moreover, the time trends of

improvement of coding sensitivity in non-disabling

strokes but not in disabling or fatal strokes might

bias interpretations of outcome audit studies if only

administrative coding was used.
The overall 71.2% sensitivity of diagnostic coding in

identifying hospitalised stroke in our study was similar

to the estimates found in two previous French studies,

which also used population-based registries as their

gold standard for comparison.7,10 However, even in

2014–2017, sensitivity of coding found in our study

was lower than the 90.6% reported from Sweden.11

This could be partly explained by the persistently low

sensitivity (40.5% in 2014–2017) of diagnostic coding

in identifying acute stroke cases that happened during

admission for other diseases in our study.8 In the UK,

hospital diagnostic coding is often done by non-clinical

clerical staff and largely depends on their interpreting

medical notes and applying appropriate codes.5 The

actual reason of the acute admission is not always

clear, particularly in patients with multiple comorbid-

ities. We found increasing numbers of ‘false-negative’

cases with stroke codes identified in non-primary diag-

nostic positions, reflecting the coding practice change

in our local hospital that >10 diagnostic codes are now

allowed. However, although using codes in non-

primary diagnostic position may increase sensitivity,

it is unlikely to be substantial (24 out of 88 ‘false-neg-

ative’ cases in 2014–2017), but would be at the expense

of a lower PPV.12,13

We showed that coding sensitivity in identifying

incident strokes increased with patient age, stroke

severity and was higher in haemorrhagic compared to

ischaemic strokes, which was in accordance with previ-

ous studies.7,14,15 Moreover, these patterns remained

consistent over time and were largely explained by

the differences in hospitalisation rates between the sub-

groups, which is a potential source of selection biases in

epidemiological studies which rely on hospital coding

alone to identify incident stroke cases. Moreover, the

improvement of coding sensitivity in recent years for

non-disabling strokes but not for disabling or fatal

(a)

(b)

Figure 2. Temporal trends and impact of using hospital dis-
charge codes in identifying incident stroke ascertained in
OXVASC with stratification by study period and stroke subtype.
ICH: intracerebral haemorrhage; SAH: subarachnoid
haemorrhage.
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Table 3. Time trends of the accuracy of hospital discharge codes in identifying true acute ischaemic stroke cases (positive predictive
value) stratified by searching strategies.

Full codes (I63, I64): Stroke-specific codes (I63):

All admissions

Excluding

re-admission

�28 days

First admission

only All admissions

Excluding

re-admission

�28 days

First admission

only

Year (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %)

2002–2005 186/283 (65.7) 185/234 (79.1) 179/226 (79.2) 67/97 (69.1) 66/82 (80.5) 66/81 (81.5)

2005–2008 168/226 (74.3) 166/213 (77.9) 158/204 (77.5) 94/116 (81.0) 92/110 (83.6) 87/105 (82.9)

2008–2011 209/232 (90.1) 207/228 (90.8) 189/210 (90.0) 172/190 (90.5) 170/186 (91.4) 155/171 (90.6)

2011–2014 238/262 (90.8) 235/256 (91.8) 218/236 (92.4) 220/240 (91.7) 217/234 (92.7) 201/215 (93.5)

2014–2017 221/249 (88.8) 215/238 (90.3) 196/216 (90.7) 189/209 (90.4) 183/198 (92.4) 167/180 (92.8)

ptrend <0.0001 <0.0001 <0.0001 <0.0001 0.0003 0.0002

Total 1022/1252 (81.6) 1008/1169 (86.2) 940/1092 (86.1) 742/852 (87.1) 728/810 (89.9) 676/752 (89.9)

TP: true positive cases.

Table 2. Time trend of the accuracy of hospital discharge codes in identifying true acute stroke cases (positive predictive value)
stratified by searching strategies.

Full non-specific codes for possible stroke (I60–I68): Stroke-specific codes (I60, I61, I63, I64):

All admissions

Excluding

re-admission

�28 days

First admission

only All admissions

Excluding

re-admission

�28 days

First admission

only

Year (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %)

2002–2005 245/390 (62.8) 244/322 (75.8) 236/308 (76.6) 240/345 (69.9) 239/287 (83.3) 232/275 (84.4)

2005–2008 245/380 (64.5) 241/351 (68.7) 231/326 (70.9) 226/289 (78.2) 224/271 (82.7) 214/255 (83.9)

2008–2011 282/394 (71.6) 278/381 (73.0) 255/339 (75.2) 270/295 (91.5) 266/289 (92.0) 245/268 (91.4)

2011–2014 306/418 (73.2) 300/402 (74.6) 280/359 (78.0) 293/323 (90.7) 288/314 (91.7) 269/292 (92.1)

2014–2017 303/413 (73.4) 296/384 (77.1) 271/337 (80.4) 293/336 (87.2) 286/318 (89.9) 261/289 (90.3)

ptrend <0.0001 0.198 0.041 <0.0001 0.0002 0.001

Total 1381/1995 (69.2) 1359/1840 (73.9) 1273/1669 (76.3) 1322/1588 (83.2) 1303/1479 (88.2) 1221/1379 (88.5)

TP: true positive.

Table 4. Time trends of the accuracy of hospital discharge codes in identifying true acute haemorrhagic stroke cases (positive
predictive value) stratified by searching strategies.

Intracerebral haemorrhage (I61) Subarachnoid haemorrhage (I60)

All admissions

Excluding

re-admission

�28 days

First admission

only All admissions

Excluding

re-admission

�28 days

First admission

only

Year (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %) (TP/total, %)

2002–2005 15/29 (51.7) 15/28 (53.6) 15/28 (53.6) 17/33 (51.5) 17/25 (68.0) 16/21 (76.2)

2005–2008 25/39 (64.1) 25/35 (71.4) 24/33 (72.7) 15/24 (62.5) 15/23 (65.2) 15/18 (83.3)

2008–2011 40/48 (83.3) 39/46 (84.8) 37/43 (86.0) 11/15 (73.3) 11/15 (73.3) 11/15 (73.3)

2011–2014 38/45 (84.4) 36/43 (83.7) 35/42 (83.3) 11/16 (68.8) 11/15 (73.3) 10/14 (71.4)

2014–2017 50/59 (84.7) 49/53 (92.5) 43/47 (91.5) 15/28 (53.6) 15/27 (55.6) 15/26 (57.7)

ptrend 0.0002 <0.0001 0.0001 0.74 0.47 0.09

Total 168/220 (76.4) 164/205 (80.0) 154/193 (79.8) 69/116 (59.5) 69/105 (65.7) 67/94 (71.3)

TP: true positive cases.
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strokes might also bias studies of temporal trends in
stroke outcomes if only coding data were used.

We found that PPVs of hospital diagnostic codes for
acute stroke improved over time. One previous study in
the US suggested that the improvement of PPVs from
1980 to 1990 in Rochester were attributable to advan-
ces in neuroimaging technology.16 In our study, use of
brain imaging, particularly MRI scan, also increased
significantly during the study period (12% in 2002–
2010 vs. 46% in 2010–2014),17 which perhaps explained
the increasing use of the more specific code – I63
(ischaemic stroke) vs. I64 (unspecified stroke) for the
diagnosis of ischaemic stroke over time. However,
increasing use of MRI scan is not at no cost, as mis-
diagnosing TIA as stroke was one of the common rea-
sons for ‘false-positive’ cases in our study, which was
also found in one previous study.7 Another possible
explanation for the apparent improvement in PPVs is
probably the improvement of acute stroke care in the
UK during the study period with increasing number of
acute stroke cases being admitted and managed in the
Acute Stroke Unit (data not shown).

Although there is lack of consensus among stroke
epidemiology studies about which codes should be used
for identifying stroke outcomes, previous studies advo-
cated the use of stroke-specific codes (I60–I61, I63–I64)
over the use of full non-specific stroke codes (I60–
I68).3,6 We also found that using this approach togeth-
er with the inclusion of first admission alone could
maximise the PPVs. In 2014–2017, selection of stroke-
specific codes combined with inclusion of first admis-
sion resulted in a PPV >90%. However, given the
lower PPVs observed at younger ages and for sub-
arachnoid haemorrhage, these subgroups should be
given priority for validation with other data sources.

Although we consider our results to be valid, the
study has limitations. Firstly, our study was done in
Oxfordshire and might not be representative of all hos-
pitals in the UK. However, our estimates of PPVs were
comparable to other UK studies.15,18 Secondly, as coding
accuracy might differ between healthcare systems, the
improvement of coding sensitivity and PPV in the UK
might be not generalizable to other countries.
Nevertheless, similar PPVs were reported in the last
5 years in Canada,19 Norway,20 Italy21 and South
Korea.22 Thirdly, a third of stroke patients are not
admitted to hospital in the UK.23,24 Therefore sensitivity
of hospital coding in identifying all incident stroke might
be higher in countries with higher hospitalisation rate,
although hospitalisation has also been reported to have
decreased in other countries.25,26 Fourthly, as most of the
TIA cases are managed in outpatient settings (i.e. TIA
clinics) in the UK, our study was not able to quantify the
hospital coding accuracy change for TIAs. Finally,
similar to previous studies,3,6 we only considered

stroke-specific codes (I60–I61, I63–I64) at the primary

diagnostic position as correctly identified cases by

coding when calculating sensitivity. Identification of

stroke cases using the full non-specific stroke codes

(I60–I68) irrespective diagnostic position is likely to

increase sensitivity, albeit only by a small amount

(Web appendix 2) and at the cost of lowering PPVs.
In conclusion, we showed that the accuracy of

administrative hospital diagnostic coding for identify-

ing acute strokes improved significantly in the last

15 years in Oxfordshire, UK. With appropriate selec-

tion of stroke-specific codes and inclusion of only first

admission, PPVs >90% can be achieved, which would

be adequate for large-scale epidemiological studies of

the determinants of stroke. However, despite improve-

ment over time, the lack of sensitivity for hospital

coding does not support the use of these data alone

for incidence estimates. Moreover, the stroke severity-

specific difference of the time trends of coding sensitiv-

ity might bias interpretations of outcome audit studies

if only administrative coding was used. Approaches to

improve coding accuracy are still required and future

studies should address the impact of additional linking

to primary care data and other sources in large epide-

miological studies.
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