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Abstract

Background: Large-scale administrative data collection is more efficient than single centre, pro-
spective designs for rare events such as aneurysmal subarachnoid haemorrhage (aSAH). Howev-
er, there are limited studies reporting data validation of International Classification of Diseases
(ICD) search algorithms for aSAH. Equally there are limited examples of utilising coding for neuro-
science nursing research. Despite this neuroscience nurses play a critical and functional role in
contributing to ICD coding. Nurses are the primary source of clinical data entry, they are at the point
of care and complete critical pieces of documentation including admission, transfer and discharge
forms as well as daily progress notes and forms. ICD coding is critical in the provision of a stand-
ardised and uniform language for classifying diseases, injuries and symptoms. Coding enables ac-
curate health data tracking, comparative research between hospitals, institutions and regions and
surveillance of diseases and mortality.

Methods: A population-based search of non-traumatic subarachnoid haemorrhages cases was
undertaken from 2010 to 2014. The research was undertaken to fulfil the data collection for a PhD
thesis. Using sequential combinations of the subarachnoid haemorrhage ICD-10 codes 160.0-160.9,
sensitivity, specificity and positive predictive values (PPV) were calculated on a three-stage basis.
Individual access to discharge summary documentation, digital medical records (Gold standard)
and data linkage with death registry records and ambulance records was used to validate aSAH
cases using the three ICD-10 code algorithms.

Results: A total of 414 events were identified, including 282 non-traumatic subarachnoid haemor-
rhage admissions of which 172 (60.99%) were subsequently confirmed as aSAH. Medical record
review of cases within ICD codes 160.0-160.9 resulted in sensitivity and specificity (95% CI) of 0.90
(0.86-0.94) and 0.23 (0.16-0.31) and a PPV of 65.1%. When analysed on a population basis the
sensitivity and specificity were 0.74 (0.68-0.79) and 0.25 (0.18-0.33) and a PPV of 67.4% when us-
ing ‘160.0-160.9’. When analysing specific aneurysm morphology, the sensitivity and specificity
was 0.52 (0.45-0.58) and 0.91 (0.85-0.95) with a PPV of 90.5%.

Conclusion: Applying broad administrative database search algorithms to uncommon diseases
such as aSAH results in a number of inaccuracies, particularly an overestimation of results when
considering the results as representative of a population or when attempting to describe specific
aneurysm morphology. For nurses this highlights the importance of ensuring accuracy and com-
pleteness when documenting patient files. Whilst nurses do not generally assign ICD-10 codes,
they play a vital role in ensuring that there is the necessary clinical information including (but not
limited to) flowsheets, transcription of diagnostic details, narratives and care plans. This process of
documentation is not only a legal requirement and part of nursing daily practice, but it plays an im-
portant role in billing, insurance claims, health service research, resource allocation, policy making
and quality development as well as coding.
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Introduction

Neuroscience nurses work in some of the
most intricate, highly integrated, specialised
and information intense settings. Practice
across neuroscience settings is constantly
evolving with ongoing changes and develop-
ments related to diagnostics, treatments and
pharmaceuticals. Of the neuroscience set-
tings, neurosurgical units and practices are
perhaps one of the most challenging areas to
work and to document one’s work. One spe-
cific disease process that requires specific,
precise, accurate, unambiguous and particu-
larly descriptive documentation to capture the
complexity of the diagnosis and disease pro-
cess is Aneurysmal subarachnoid haemor-
rhage (aSAH). aSAH is not well studied
(Nichols et al., 2018; Rehman et al., 2021).
Classified as haemorrhagic strokes and repre-
senting an estimated 5-11% of stroke events
(Sarti et al., 1991), the age-standardised rate
for aSAH is reported to be 9.99 cases per
100,000 person years (95% confidence inter-
val [CI], 8.69-11.29) (Nichols et al., 2018).
aSAH affect a significantly younger population
than ischaemic stroke and has a high early
fatality rate resulting in a significant loss of
productive years (Feigin et al., 2003; Nichols
et al., 2016). The most common cause of
death associated with aSAH is the initial bleed
(Rehman et al., 2021) with an estimated risk
of death at or close to the time of ictus ranging
from 12-16% (Huang & Van Gelder, 2002;
Macpherson et al., 2011; Nichols et al., 2018).
The result is that a significant proportion of
individuals will die out of hospital or at smaller
regional hospitals and thus will not be
captured in tertiary hospital records. Prospec-
tively studying rare diseases such as aSAH
can be costly and time consuming (English(a)
et al,, 2016). As a result, many studies of

aSAH have been retrospective with the use of
administrative databases, however the validity
of these methods are rarely reported (Thigpen
etal.,, 2015).

Prospectively studying rare diseases such as
aSAH can be costly and time consuming
(English(a) et al., 2016; Garcia-Pérez et al.,
2021). As a result, many studies of aSAH are
undertaken retrospectively using searches of
administrative databases. Case identification
is achieved using searches of diagnostic cod-
ing, including the International Classification
(ICD) coding
(Langelaan et al., 2017; Schwarz et al., 2019).
This disease classification process involves

of Diseases version 10

the scientific classification of diseases through
a coding process to provide a basis for clinical
diagnosis and treatment (Wang et al 2023).
The validity of ICD-10 is dependent on the
accuracy of documentation as the key source
of information influencing coding. However,
the quality of documentation particularly dis-
charge summaries is variable (Schwarz et al.,
2019), with 60% of essential information miss-
ing in one study of more than 2000 discharge
summaries (Langelaan et al., 2017). This can
lead to inconsistencies and omissions in ICD-
10 coding that could contribute to misleading
findings. Validation is often restricted to small
and undefined non-traumatic subarachnoid
haemorrhage cohorts reported within general
stroke studies resulting in questionable sensi-
tivity and positive predictive values (PPV’s)
(Haesebaert et al, 2013; Tirschwell &
Longstreth Jr, 2002). Applying aSAH valida-
tion from broad stroke studies is problematic
given the distinct epidemiological differences
between aSAH other non-traumatic subarach-
noid haemorrhages and ischaemic strokes.
Fundamental differences include cohort size;
aSAH are generally researched in smaller
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cohort sizes when compared to ischaemic
stroke studies. This not only limits risk factor
profiling and subsequent risk analysis (Korja
et al., 2013), but also influences the validity,
reliability, and generalisability of the findings.
It is not to say that aSAH research is less sci-
entifically rigorous or unethical but given the
smaller cohort sizes consideration needs to
be given to low statistical power, the high risk
of random errors and bias, and the methodo-
logical, analytical and ethical challenges. This
is further evidence for the importance of cap-
turing a complete cohort when studying
aSAH. Furthermore,
should always be reflective of the cohort

reporting of results

structure, including the limitations.

Neuroscience nurses contributed data for this
study through forms, progress notes and as-
sessments. Nursing documentation can hold
the key to transforming research, patient care,
resource allocation, policy making, quality de-
velopment and the operations of health care
systems. It is important to note that documen-
tation can occur either during a patient en-
counter or after the event (Silfen, 2006).
Whilst it is best practice to document during
an event, there can be delays related to work-
load constraints, for example progress notes
are often not written until the end of a shift.
Neuroscience nurses are the primary source
of clinical data entry related to aSAH, data
entry is also supported by emergency nurses
and doctors, ambulance staff, neurosurgical
and radiological doctors and clinicians. How-
ever, it is nurses who are often the first to tri-
age or provide care and the last to document
and provide details of episodes of care before
handing over to the next staff, or transitioning
a patient to the next phase of care. Nursing
documentation plays a fundamental role in
what is an accelerated shift towards data driv-

en decision making (Darach et al., 2025). Re-
search involving nurses is integral to not only
improving patient outcomes, but also
healthcare quality as a whole. This research
and its fundamental basis of the ICD coding is
reliant on coding staff being able to discern
diagnoses retrospectively from nursing and
medical notes and forms (Wang et al., 2023).
There is also an emphasis on coder experi-
ence and familiarity of diseases (Hernandez
et al.,, 2018; Ma et al., 2018) and in the case
of aSAH the intricacies and implications of
correctly coding aneurysm location, vessel,

and/or region of the brain (anterior/posterior)

From a clinical perspective the diagnosis of a
subarachnoid haemorrhage (SAH) is fairly
unambiguous, however identifying an exact
cause and the underlying pathology together
with differentiating aneurysmal from non-
aneurysmal causes can be challenging. While
ruptured saccular aneurysms account for ap-
proximately 85% of spontaneous SAH cases,
up to 15% are non-aneurysmal (NASAH),
arising from other vascular issues, venous
bleeding, or mimic conditions (Hasan et al.,
2018; Roman-Filip et al., 2023). Obtaining a
correct diagnosis with any rare disease can
be challenging, and a lengthy process and
can vary between settings (Boycott et al.,,
2017). This is reflected in the reported inci-
dence of aSAH, which varies significantly from
3-25 per 100,000 (de Rooij et al., 2007). It is
advocated to utilise multiple overlapping
sources to enable an accurate estimate of
aSAH incidence (Nichols et al., 2018). Several
validation studies of subarachnoid haemor-
rhage have been conducted (English(a) et al.,
2016; English(b) et al., 2016; Kirkman et al.,
2009; Washington et al., 2014). However,
these studies have varied greatly in regard to
their study populations and cohort inclusion,
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with a general focus on combining aneurys-
mal with non-traumatic subarachnoid haemor-
rhages. Whilst aSAH represent up to 85% of
non-traumatic subarachnoid haemorrhage
hospital admissions (Risselada et al., 2011)
previous studies have not undertaken specific
validation for aSAH as a single entity.

The catastrophic, haemorrhagic and life
threatening nature of aSAH results in the
need for endovascular or surgical care that is
only available at tertiary hospitals (Nguyen et
al., 2022; Nichols et al., 2020). Inter-hospital
transfer rates for aSAH are significantly higher
for aSAH than ischaemic stroke, they are in-
fluenced by a multiplicity of delays in reaching
a tertiary neurosurgical hospital that can treat
them (Doukas et al., 2019; Goertz et al., 2021;
Nichols et al., 2020). Optimal treatment time
post a aSAH is 12 hours post ictus, noting that
there is a decreasing evidence benefit when
treatment occurs 12-24 hours post ictus
(Buscot et al.,, 2022). aSAH patients suffer
significantly higher early fatality rates when
compared to other stroke events. A high early
fatality rate poses significant challenges when
researching aSAH, with Nichols et al. (2021)
reporting 54% of their cohort dying within 24
hours of ictus or initial bleed. This is signifi-
cant given the large proportion of individuals
who die out of hospital or possibly at a region-
al centre and are not accounted for in tertiary
hospital-based data such ICD coding. Of
those who reach hospital, it is estimated that a
further 16% of individuals will die (Buscot et
al.,, 2022). In-hospital death significantly im-
pacts administrative coding by shifting the
focus toward mortality reporting, affecting
quality metrics, and increasing the need for
precise documentation of comorbidities. In-
hospital deaths are highly sensitive to docu-
mentation errors, which can affect the accura-

cy of the underlying cause-of-death coding
(Ben-Tovim et al., 2010; Peng et al., 2017).

Understanding the accuracy of data collection
methods and search algorithms is fundamen-
tal to establishing effective health care policy
as well as leveraging towards the inclusion of
aSAH in long-term surveillance programs.
This includes exploring differences in the
quality and quantity of data included in dis-
charge summaries, incorporating an approach
described by McCormick et al. (2015) as a
gold-standard chart review and modern data
linkage with death registry data. Validation of
aSAH search algorithms across both regional
and neurosurgical admissions, in respect to
both causative aneurysm morphology and
admission type, is essential in developing a
valid and accurate case definition for future
research. As we usher in a new era of digital
healthcare it is fundamental that this occurs
with sufficient training and education that opti-
mises nursing roles and their contributions to
data collection and use in research. This
study aims to address the absence of ICD-10
coding validation pertaining specifically to
aSAH. The object of this study is to validate
aSAH search algorithms following a non-
traumatic subarachnoid haemorrhage admin-
istrative data search using ICD-10 coding.

Methods
Study Setting

This study was set in Tasmania, an island
state in the southeast of Australia. Tasmania
has an overall low population density (7.24
people / km?), with the population of 511,200
(2011) relatively decentralised with 65% of
individuals residing in inner regional areas,
33% in outer regional areas and 2% residing
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in remote and very remote areas. Tasmania
has one single public neurosurgical unit with
all regional and private aSAH admissions re-
ferred to this unit, limiting the potential to miss
cases and reducing referral bias.

Data Sources

This study
traumatic subarachnoid hemorrhage cohort

includes a Tasmanian non-

identified over a five-year period from 2010-
2014 (Nichols et al., 2018). Multiple overlap-
ping data sources were used including a
statewide hospital administrative data search
of regional and neurosurgical discharge and
emergency databases using primary and sec-
ondary ICD 10 codes 160.0-160.9 (Table 1).
Events were linked using state-wide individual
healthcare identifying numbers as well as cor-
relating the date and time of admissions. Early
out of hospital deaths were identified through
data linkage with the Registry of Births,
Deaths and Marriages, to identify and then
verify all aSAH deaths that were not admitted
to hospital and missed through initial adminis-
trative data searches.

Identification of aSAH Cases

Individual digital medical records were ac-
cessed through a digital medical records sys-
tem. Following guidance and training from an
experienced coder and removal of any links or
reference to the ICD_10 coding, records were

TABLE 1: ICD-10 CoDES AND DESCRIPTIONS.

independently and blindly reviewed by a nurse
who has clinical neurosurgical expertise.
Training included both education in ICD cod-
ing as well as training in its application. Previ-
ous experience working on a neurosurgical
unit also enabled the author to evaluate for
the presence or absence of necessary docu-
mentation and the completeness of the clinical
record. Once the diagnosis of a subarachnoid
haemorrhage was established, the causative
factors including, where applicable, the exact
aneurysm morphology were noted and coded.
A Neurosurgical Registrar contributed to the
auditing, with discrepancies examined and
resolved by discussion with experienced cod-
ing staff. The review of records and coding
also took place on a regular basis. A percent-
age of all expert coder’'s records were re-
viewed by a physician-peer evaluator, in
keeping with standard international practice
(Silfen, 2006). When completed, the data
were combined with the original ICD-10 cod-
ing undertaken by the Health Department cod-

ing staff.

Records were assessed for completeness,
discrepancies, accuracy and reliability. A valid
aSAH was defined as a non-traumatic sub-
arachnoid haemorrhage identified as having a
definite or probable rupture of a cerebral an-
eurysm demonstrated on imaging (computed
tomography or digital subtraction angi-
ography) and not associated with major trau-

ma or surgical complications. Subarachnoid

Non-traumatic Subarachnoid haemorrhage from specified anatomical locations

including carotid siphon and bifurcation, middle cerebral, anterior communi-

160.0 — 160.5

cating, posterior communicating, basilar and vertebral arteries.
160.6 Subarachnoid haemorrhage from other intracranial arteries.
160.7 Subarachnoid haemorrhage from unspecified intracranial artery.
160.8 Other subarachnoid haemorrhage.
160.9 Subarachnoid haemorrhage, unspecified.
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haemorrhages caused by arteriovenous mal-
formations, extensions of intracranial haemor-
rhages or with a likely perimesencephalic
haemorrhage pattern were excluded. Addi-
tional admissions were identified through a
ward-based search that helped to identify
missing and regional admissions. Additional
cases captured through the Registry of Births
Deaths and Marriages that were never admit-
ted to hospital were considered as missed
cases, as they are generally not considered in
hospital-based validation studies. These early
and sudden deaths were identified through
coding linked to autopsy reports. A list of
known cases was provided to the data linkage
unit; this list was compared to all causes of
death from non-traumatic subarachnoid
haemorrhage for the same time period and a
de-identified list of people who died from
aSAH was created. All deaths linked to signifi-
cant co-morbidities or with suggestions of a
traumatic event were excluded.

Individual cases were considered as correctly
coded if the ICD-10 coding matched the docu-
mented diagnosis that had been recorded dur-
ing each individual admission by either a neu-
roradiologist or neurosurgeon. Two methods
were used; firstly, discharge summary docu-
mentation was reviewed and coded using the
same method that is used by administrative
coding staff. To assess the accuracy of the
discharge summaries, documentation held in
the individual digital medical record was ac-
cessed and coded as the gold standard.
Three commonly used sequential ICD-10
code algorithms were tested including 160.0-
160.5 that focused on the range of code that
specifically linked to aneurysmal locations and
dichotomized as anterior and posterior haem-
orrhages. The second algorithm used the
codes 160.0-160.8, to include haemorrhages

coded from other intracranial arteries, unspec-
ified intracranial arteries and other subarach-
noid haemorrhages. The third algorithm 160.0-
160.9 undertook a broad range of codes in-
cluding the previously described codes and
subarachnoid haemorrhages unspecified.
The three coding algorithms were validated
using discharge summary data, gold-standard
chart review and a combination of chart re-

view and data linkage with death registry data.

Statistical Analysis

Data are displayed as counts and percent-
ages for haemorrhage types noting that due to
regional admissions and inter-hospital trans-
fers some individuals experienced multiple
admissions. Bivariate analyses were per-
formed, and differences were assessed with
chi-squared test for hospital admission type.
The sensitivity, specificity and likelihood ratios
and positive predictive values with associated
95% confidence intervals (Cl) were calculated
using the three specified algorithms. Analyses
were stratified according to neurosurgical ad-
mission, a combination of regional and neuro-
surgical admission and on a population-basis
using data linkage with the Registry of Births
Deaths and Marriages. A final calculation fo-
cused on specific anterior or posterior haem-
orrhage location. All analyses were undertak-
en using the statistical software R (The R
Foundation, 2013).

Ethics Approval
The Tasmanian Health and Medical Human

Research Ethics Committee approved this
study in December 2014 (H0014563).
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Results

The
search for non-traumatic subarachnoid haem-

initial Statewide administrative data
orrhages identified 1470 events that were ad-
mitted to hospital. The removal of duplicate,
rehabilitation and elective admissions as well
as the exclusion of community-based deaths
resulted in the final cohort including 383 ad-
missions, representing 291 individuals, with
community-based deaths included as early
and sudden out of hospital deaths. Of these
ICD-10 coding and full access to medical rec-

1470 Admissions

ords were available for 360 admissions repre-
senting 282 individuals (Figure 1).

A manual review of individual medical records
confirmed 172 (60.99%) aSAH cases that
were linked to the ICD-10 codes described
(Table 2). A total of 44 regional cases were
not transferred for neurosurgical care and if
excluded would have resulted in 23.4% and
7.81% missing aSAH admissions using the
ICD-10 code algorithms of (160.0-160.8) and
(160.0-160.9) respectively (data not shown).
Overall, there were no statistically significant
differences in the percentage of valid aSAH

s N
Step 1: Administrative data
search for non-traumatic
subarachnoid haemorrhage
cases”

v

——

1085 Duplicate, rehabilitation and elective admissions

Step 2: Systematic analysis

385 Admissions

of records

¥

‘ Medical records and / or coding unavailable for 25
d ions including 11 out of hospital deaths linked to
‘ known cerebral aneurysms and 13 possible aSAH

cases Step 3: Manual review of

360 Admissions
representing
282 individuals

/\

172 aSAH" 110 non-aSAH

//K

individual digital medical
records. Back step analysis
of cases to trace and link
regional admissions and
inter-hospilal transfers.
Review and coding firstly
using discharge
documentation and
secondly using
documentation detailed
within each individual
record.

~

55 Non-traumatic subarachnoid haemorrhages
33 Perimesencephalic
10 Arterovenous malformations
12 Exiensions of intracranial haemorrhage

55 Other causes
17 Non-neurological events
35 Cerebrovascular events

3 Traumalic subarachnoid haemorrhages

.
“Full population based cohort includes a total of 237 aSAH cases including the 172 confirmed cases, the 11 out of hospital deaths
linked 1o known cerebral aneurysms and an additional 41 out of hospital deaths. The 13 possible cases where there was limited medical
records due to a number of reasons including early in hospital deaths or interstate transler for endovascular intervention were excluded
from calculations due o insufficient medical and or coding information.
Figure 1: Flowchart describing the identification of aneurysmal subarachnoid haemorrhage cases

from initial administrative data search using international classification of diseases-10 codes to final
validation of cases.
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Table 2: Percentage of valid aneurysmal subarachnoid haemorrhage events using Interna-

tional Classification of diseases-10th edition coding by hospital admissions, with ICD cod-

ing available for 360 admissions representing 282 individual cases.

Valid (%) Not Valid (%) P value
Individual Admissions
Total, n= 282 172 (60.99) 110 (39.01)
Regional admission, n= 122 * 85 (69.67) 37 (30.33)
Neurosurgical admission, n= 238 184 (77.31) 54 (22.69) 0.15

*78 admissions experienced an inter-hospital transfer for neurological evaluation

events between regional and neurosurgical
admissions (Table 2).

When validating the coding using the dis-
charge summaries, the sensitivity for com-
bined results of both neurological admissions
and regional admissions ranged from 0.71
(0.65-0.77) for the codes of 160.0-160.8 to 0.90
(0.86-0.94) when the code 160.9 was included

medical records. The combined sensitivity
ranged from 0.67 (0.60-0.73) for the codes of
160.0-160.8 to 0.90 (0.86-0.94) when using the
broad range of codes including 160.0-160.9.
The PPV increased to 80.5% for the codes of
160.0-160.8 and 67.4% for the broad range of
codes (Table 4). The specificity of the broad
algorithm was less than the 160.0-160.8 algo-
rithm using a search of both neurosurgical

TABLE 3: VALIDATION CODING UTILISING INFORMATION GATHERED FROM DISCHARGE SUMMAR-

IES.
Sensitivity Specificity Positive Predic-
(95% CI) (95% CI) tive Value (95%
Cl

Neurosurgical: 160.0-160.8, n= 238 0.83 0.70 85).2%

(0.76-0.88) (0.59-0.80) (78.7-90.4)
Combined: 160.0-160.8, n= 360 0.71 0.77 83.2%

(0.65-0.77) (0.69-0.84) (77.1-88.2)
Neurosurgical: 160.0-160.9, n= 238 0.91 0.27 72.4%

(0.86-0.95) (0.18-0.39) (65.7-78.4)
Combined: 160.0-160.9, n= 360 0.90 0.23 65.1%

(0.86-0.94) (0.16-0.31) (59.5-70.4)

in a broader algorithm. The PPV was 83.2%
for the code range of 160.0-160.8 and dropped
to 65.1% for the broad range of codes, with a
noticeably lower specificity associated with
the broad range of codes when compared to
the 160.0-160.8 algorithm (Table 3). A gold
standard manual review of the individual med-
ical records identified decreased sensitivity
and increased positive predictive values when
compared to the validation using the digital

records and a combined search using regional
records. In addition to the 172 aSAH events
identified, an additional 54 out of hospital
deaths were identified of which 52 were con-
firmed as aSAH after the exclusion of cases
linked to multiple comorbidities and traumatic
events. When considering aSAH on a popula-
tion-level, the sensitivity for the broad range of
codes was 0.74 (0.68-0.79) with a PPV of
67.4%.
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TABLE 4: VALIDATION CODING UTILISING GOLD STANDARD INFORMATION GATHERED FROM IN-

DIVIDUAL MEDICAL RECORDS.

Sensitivity Specificity Positive  Predictive
(95% CI) (95% ClI) Value (95% CI)
Neurosurgical: 160.0-160.8, n= 238 0.82 0.65 82.1%
(0.75-0.87) (0.54-0.76) (75.1-87.7)
Combined: 160.0-160.8, n= 360 0.67 0.72 80.5%
(0.60-0.73) (0.63-0.79) (74.2-85.9)
Neurosurgical: 160.0-160.9, n= 238 0.91 0.26 70.4%
(0.85-0.95) (0.17-0.37) (63.7-76.6)
Combined: 160.0-160.9, n= 360 0.90 0.24 67.4%
(0.86-0.94) (0.17-0.32) (61.9-72.6)
Population: 160.0-160.8, n= 414 0.54 0.72 80.5%
(0.48-0.60) (0.64-0.80) (74.2-85.9)
Population: 160.0-160.9, n= 414 0.74 0.25 67.4%
(0.68-0.79) (0.18-0.33) (61.9-72.6)

The validation of specific aneurysm morpholo-
gy using the definition of anterior and posteri-
or resulted in a sensitivity of 0.68 (0.59-0.75)
when analysing neurosurgical admissions and
0.52 (0.45-0.58) when analysing combined
neurosurgical and regional admissions, with
the positive predictive values of 91.9% and
90.5% respectively (Table 5).

Discussion:

Administrative data is a valuable research

resource for population-based research
(Cavallaro et al., 2023). In this study we found
less than optimal accuracy of ICD-10 coded
aSAH when validated using both the dis-
charge summaries and a gold standard review
of individual medical records. Only one algo-
rithm of 160.0-160.8 exceeded the 80% PPV

cut-off used for suitability in scientific research

(Borkar et al., 2019). Applying broad level
stroke results to smaller subgroups has been
previously identified as unreliable (Haesebaert
et al.,, 2013; Thigpen et al., 2015; R. Wood-
field et al., 2015). It has been recommended
to consider both the stroke subtype and re-
search question when selecting a search al-
gorithm and reporting results (Tirschwell &
Longstreth Jr, 2002). Our data demonstrates
variable results when applied specifically to
aSAH, including the poor capture of specific
aneurysm morphology. This study also
demonstrated that whilst a validated search
strategy can improve the probability of identi-
fying cases, reviewing individual records is
required to confirm the diagnosis (English(a)
et al,, 2016), as demonstrated by the im-
proved results when the full medical records
were analysed compared to the discharge
summaries alone.

TABLE 5: VALIDATION CODING OF SPECIFIC HAEMORRHAGE LOCATION UTILISING GOLD STAND-
ARD INFORMATION GATHERED FROM INDIVIDUAL MEDICAL RECORDS.

Sensitivity Specificity Positive  Predictive
(95% CI) (95% CI) Value (95% CI)
Neurosurgical, n= 238 0.68 0.90 91.9%
(0.59-0.75) (0.81-0.95) (85.2-96.2)
Combined, n= 360 0.52 0.91 90.5%
(0.45-0.58) (0.85-0.95) (84.0-95.0)
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This study demonstrated that in both valida-
tion sets the algorithm of ICD-10 codes 160.0-
160.8 had a lower sensitivity, but higher speci-
ficity. When selecting algorithms, it is impera-
tive to limit false positive results through using
a highly specific search (Maxim et al., 2014).
In this study the risk of the reduced specificity
associated with the broad algorithm 160.0-
160.9 is evidenced by an over-estimation of
results. From an epidemiological point of
view, the use of data sets obtained through
ICD-10 search algorithms present a number
of challenges. A general consensus is that
results are more likely to be over-estimated
than under-estimated (Kirkman et al., 2009;
Krarup et al., 2007). The application of stroke,
or more specifically subarachnoid haemor-
rhage, validation to an aSAH cohort is far from
precise. Many studies have inadvertently in-
cluded a multitude of subarachnoid haemor-
rhage events, related to the coding selected
through a failure to validate search algorithms
that rely on unspecified coding (English(a) et
al.,, 2016; Lai & Morgan, 2012) The implicit
assumption that the ICD-10 code 160.9 is rep-
resentative of aSAH cases is fraught with po-
tential inaccuracy, given the PPV of 67.4%
(61.9-72.6) and low specificity. When our vali-
dation was extended to include the code
160.9, there was evidence of a potentially
gross over-estimate of results.

The identified prevalence of aSAH cases can
vary significantly depending on the primary
focus of the search strategy and is often not
considered when reporting results. It should
be noted that sensitivity and specificity can
still be relatively high with a low PPV if the
prevalence is low (Ranganathan & Aggarwal,
2018). In their broad stroke validation study
Hall et al. (2016) failed to explore the preva-

lence of subarachnoid haemorrhages when

reporting that subarachnoid haemorrhages
demonstrated the highest sensitivity yet the
lowest PPV in their study. In contrast our
study was limited to a smaller representative
non-traumatic subarachnoid haemorrhage
search strategy. Validating a broader search
strategy would be impracticable as our report-
ed five-year results represented 72 combined
aSAH emergency presentations per vyear,
equating to 1.4 per 10,000 emergency depart-
ment presentations, calculated using pub-
lished data for the same time period and loca-
tion (Morley et al., 2018). Routine screening of
all admissions, or even all stroke admissions,
to confirm aSAH cases would be especially
problematic. This is illustrated by a scenario
where relatively accurate coding with a sensi-
tivity and specificity of 80%, and a positive
likelihood ratio of 8, yields a probability that
admission with the correct coding for aSAH
would only be 0.08% and unrealistic in regard
to validating cases. However, as PPV increas-
es with increasing prevalence (Ranganathan
& Aggarwal, 2018), there is a risk of bias as-
sociated with an over-estimation of PPV’s due
to the high prevalence within subarachnoid
haemorrhages or stroke samples compared to
the general hospital populations (English(a) et
al., 2016; Rebecca Woodfield et al., 2015).
Herein lies the importance of having clear and
consistent descriptions of both the original
search strategy and search algorithm when
validating rare diseases such as aSAH as well
as reporting sensitivity, specificity and PPV.

The specialised neurosurgical care and inter-
ventions required following an aSAH often
require inter-hospital transfers from regional
hospitals (Yiannakoulias et al., 2003) resulting
in the potential for duplication. Previous stud-
ies have also acknowledged a significant over
-estimation due to the inability to distinguish
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inter-hospital transfers from new admissions
(Spolaore et al.,, 2005). The use of gold-
standard access to individual medical records
enabled what Brennan et al. (2012) described

as inevitable data entry errors to be assessed,
as well as facilitating the tracking of individual
cases through multiple admissions. Regional
admissions are also at risk of being under-
estimated, with 44 (36.07%) of regional ad-
missions in this cohort not being transferred
for neurosurgical evaluation. The sensitivity
and PPV associated with a combined search
of regional and neurosurgical admissions
were also less than that of the neurosurgical
hospital alone, which indicated a more gener-
alized coding approach within the regional
hospitals. Despite this the homogenous na-
ture of regional coding is an important consid-
eration when validating cases. (Thigpen et al.,
2015) surmised that it is reasonable to accept
that the accuracy of coding is considerably
less in non-specialised centres. Coding staff
in regional settings often work alone and un-
dertake a broad range of coding, resulting in
more general coding results (Yiannakoulias et
al., 2003) Documentation precision, limited
neurological expertise and clinical interest in
coding have also been identified as contrib-
uting factors to inaccurate coding (Aboa-
Eboulé et al., 2013; Haesebaert et al., 2013;
Mazzali & Duca, 2015; McCormick et al.,
2015; Williams & Mann, 2002). However, ad-
mission outcomes also need to be consid-
ered. The focus within a regional hospital fol-
lowing an aSAH often concerns diagnosis and
transfer, compared to a neurosurgical centre
where there is an imperative to refer specifi-
cally to an aneurysm location in reference to
surgical and endovascular interventions. Ad-
mission outcome is a significant factor influ-
encing the care and discharge documentation
and subsequent ICD-10 coding.

Administrative datasets are commonly used to
provide population characteristics, including
the reporting of incidence, prevalence and
temporal trends of specific diseases (Cook &
Collins, 2015; Hall et al., 2016). This is fraught
with bias depending on the data set utilised,
as cohorts selected by treatment, interven-
tions or outcomes are not representative of
the entire population (English(a) et al., 2016;
van Walraven et al., 2016) and such evalua-
tion is only possible when data sets represent
the entire population (Mazzali & Duca, 2015).
Previous studies have used a variety of data
sets including hospital morbidity databases
(Lai & Morgan, 2012), imaging and operative
data sets (Pobereskin, 2001). Reported popu-
lation characteristics linked to aneurysmal
location are also problematic given the low
sensitivity identified in this study. Lai and Mor-
gan (2012) reported similar anterior/posterior
rupture results to this study from the adminis-
trate data set, however the aneurysm location
was only specified in 45.7% of their cases and
the coding was not validated. A third factor
that significantly impacts population character-
istics is the failure to capture individuals who
were not admitted to hospital following an
aSAH. Compared to other stroke subtypes
aSAH have a high early fatal rate, with 23.2%
of individuals experiencing an aSAH in this
cohort dying before reaching medical atten-
tion. Hospital based cohort estimates may
therefore be inherently inaccurate. Previous
research has validated the use of autopsy
reports in the validation of subarachnoid
haemorrhages with markedly high sensitivity
of 100% and PPV of 100% (Tolonen et al.,
2007). However, a systematic review of stroke
validation identified suboptimal sensitivity in
detecting fatal stroke, providing further evi-
dence of the distinctly different presentation
and likely outcome following an aSAH com-

82


file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_26#_ENREF_26
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_3#_ENREF_3
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_29#_ENREF_29
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_29#_ENREF_29
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_37#_ENREF_37
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_37#_ENREF_37
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_1#_ENREF_1
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_1#_ENREF_1
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_9#_ENREF_9
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_18#_ENREF_18
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_19#_ENREF_19
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_19#_ENREF_19
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_34#_ENREF_34
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_5#_ENREF_5
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_5#_ENREF_5
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_10#_ENREF_10
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_6#_ENREF_6
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_32#_ENREF_32
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_18#_ENREF_18
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_15#_ENREF_15
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_22#_ENREF_22
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_15#_ENREF_15
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_15#_ENREF_15
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_31#_ENREF_31
file:///C:/Users/Linda%20Nichols/Desktop/Administrative%20Coding_DSN.docx#_ENREF_31#_ENREF_31

Australasian Journal of Neuroscience

Volume 360 Number 1 @ May 2026

pared with insidious events such as ischemic
stroke that do not have a high early mortality
rate.

Strengths and Limitations:

The retrospective nature of any study in iden-
tifying cases with rare diseases will always
have inherent limitations (Rehman et al,
2021) that can only be overcome with rigorous
case attainment strategies. The strength of
this study is the comprehensiveness of the
case attainment using individual digital medi-
cal records and the data linkage across differ-
ent facilities, including regional admissions
and death registry data. Unlike previous
studies that have acknowledged a significant
over-estimation due to the inability to distin-
guish inter-hospital transfers from new admis-
sions (Spolaore et al., 2005), The use of
unique statewide medical identification num-
bers in this study enabled individual cases to
be tracked through multiple admissions.
Overlapping search strategies (English(b) et
al., 2016) and the manual gold standard
search strategy using individual medical rec-
ords over whole calendar years were also vital
to maximizing case attainment (Cook & Col-
lins, 2015) and ensuring the comparability and
quality of studies (Sudlow & Warlow, 1996).
This study provides validation beyond the re-
ported text from discharge summaries where
errant transcription and terminology errors
occur (English(a) et al.,, 2016), including a
second level of validation based on full access
to each individual medical record. A third lev-
el of validation was undertaken using data
linkage with death registry data. One limitation
is that the death registry data was de-
identified and unable to be validated, however
given that aSAH results in significant rates of
sudden and unexpected death (Nichols et al.,

2021), it would be expected that all coding
would be based on autopsy results. Secondly
all cases of sudden out of hospital deaths
where there were significant co-morbidities
coded or suggestions of a traumatic event
were excluded.

A second strength of this study is the exhaus-
tive approach taken in validating the cases,
including the use of trained neurosurgical staff
and methods that ensure validation was un-
dertaken blinded to the original coding. One
limitation is that the validation exercise was
undertaken by a single team member, howev-
er this replicates the method of the original
coding that is only undertaken by single cod-
ing staff and all cases in question were dis-
cussed and verified, as would happen in nor-
mal coding practice (Lawthers et al., 2000).
Validity of administrative data is dependent on
the training of staff to locate and interpret in-
formation (Hall et al.,, 2016), with St. Ger-
maine-Smith et al. (2012) going as far to com-
ment that coding is an art rather than a sci-
ence. The author went to lengths to ensure
that she was familiar with the main diagnosis
selection and the classification of aSAH codes
before undertaking the exercise. The clinical
expertise of neurosurgical staff enabled the
identification of the exact aneurysm morpholo-
gy and location when compared to the original
coding. The regular and constructive commu-
nication between the author and the clinical
staff was a significant strength. It is acknowl-
edged that data collected is from one public
hospital system, however this did include four
separate hospitals (three regional referral and
one tertiary hospital) and a number of trained
coders. This study was limited in the reporting
of meaningful specificities given our estimates
of non-aSAH cases were restricted to non-
traumatic subarachnoid related codes. In an
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attempt to limit bias, multiple predictive varia-
bles were analysed across both neurosurgical
admissions and combined regional and neuro-
surgical admissions as well as on a population
basis using differing algorithms. It is recom-
mended that all studies use a combination of
specific validation data linked to the disease
process being studied as well as a sample
validation to ensure the accuracy for the spe-
cific health care setting being studied.

The rapid development of information technol-
ogy platforms has resulted in medical records
increasingly being transferred to digitised ver-
sions (Gonzalez & Chiodo, 2015). Changes
include but are not limited to; typed record
keeping, the use of transcription and key-
stroke-driven software, voice recognition and
template driven documentation. This study
was undertaken in a period prior to keystroke-
driven electronic medical records (EMR) and
whilst EMR may improve linking with, and
coding of ICD codes. The implementation of
technology including EMR is complex and
does impact the depth and details recorded
related to clinical nursing events (Jedwab et
al., 2022). It is estimated that 40% of individu-
als do not receive evidenced based processes
of care (Rehman et al., 2021) and there is
evidence to support that prompted EMR may
play a role in addressing this improving both
documentation and outcomes following aSAH.
Documentation standards are also influenced
by limited medical and nursing training in re-
gard to the importance of clinical structured
documentation and terminology that is in
alignment with coding algorithms. Overall, the
transfer and digitisation of medical records
have significantly improved the efficiency of
utilising medical records for research purpos-
es (Wang et al., 2023) This move has also
improved overall documentation standards,

organisational performance and recognition of
research importance (Janerka et al., 2024).
The importance of moving towards EMR will
be evidenced in future research outcomes
with the hope of more certainty in reporting
results, than currently achievable. Rehman et
al. (2020) and alike have currently been lim-
ited to reporting results with only a level of
certainty for example terms such as ‘a margin-
ally greater risk’. Artificial intelligence is a sig-
nificant changing factor that will influence the
way we collect data. Studies such as this work
need to be replicated in the near future using
datasets that have been collected using the
technology of embedded EMR with the bene-
fits of artificial intelligence algorithms.

Conclusion

ICD-10 coding has the potential to be a pow-
erful epidemiological tool and our findings
support the notion that administrative data
searches can be used to identify aSAH from a
non-traumatic subarachnoid haemorrhage
cohort, but with caution. The identification of
the sensitivity and specificity related to aSAH
are not arbitrary and will enable these results
to be incorporated into subsequent statistical
analysis to account for misclassification and
coding discrepancies. The results of this study
will substantiate and provide an important part
of the epidemiological armamentarium used to
reduce bias within ICD searches of adminis-
trative databases. This study demonstrates
that complete cohorts of rare diseases such
as aSAH can be identified, by combining ad-
ministrative search strategies and data link-
age to facilitate an accurate and cost-effective
rare disease cohort for epidemiological re-
search. Noting that the identification of biases
are study specific and can be complex, and
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are disease specific. An analysis of one’s co-
hort and coding should be undertaken before
applying results. This study highlights the im-
portance of documentation standards for neu-
roscience nurses. Nurses are responsible and
are the main contributors to health records,
and consistent, accurate and standardised
documentation is vital for the integrity of rec-
ord keeping. Clinical judgement regarding
documentation is a learned process and skills
sets are often reflective of years of experience
and or knowledge of a specialty. Education in
this area is lacking, nurses generally do not
think on a daily basis that their contributions
are influencing staffing, resource distribution,
research and the improvement of patient out-
comes. Data analytics are an evolving prac-
tice, and technological advances hold consid-
erable promise for research, and clinical care
fields alike. The key to addressing documen-
tation void is to ensure that future research is
integrated on a system wide basis and that
the results of studies or analyses using coded
data are shared with nursing staff on all lev-
els.
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