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Abstract

Introduction Comorbidities are significant patient factors that contribute to outcomes after surgery. There is highly variable
collection of this information across the literature. To help guide the systematic collection of best practice data, the Australian
Spine Registry conducted an evidence map to investigate (i) what comorbidities are collected by spine registries, (ii) how
they are collected and (iii) the compliance and completeness in collecting comorbidity data.

Method A literature search was performed to identify published studies of adult spine registry data reporting comorbidities.
In addition, targeted questionnaires were sent to existing global spine registries to identify the maximum number of relevant
results to build the evidence map.

Results Thirty-six full-text studies met the inclusion criteria. There was substantial variation in the reporting of comorbidity
data; 55% of studies reported comorbidity collection, but only 25% reported the data collection method and 20% reported use
of a comorbidity index. The variation in the literature was confirmed with responses from 50% of the invited registries (7/14).
Of seven, three use a recognised comorbidity index and the extent and methods of comorbidity collection varied by registry.
Conclusion This evidence map identified variations in the methodology, data points and reporting of comorbidity collection
in studies using spine registry data, with no consistent approach. A standardised set of comorbidities and data collection
methods would encourage collaboration and data comparisons between patient cohorts and could facilitate improved patient
outcomes following spine surgery by allowing data comparisons and predictive modelling of risk factors.
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Introduction

Many patients undergoing spine surgery have general health
comorbidities. The most common age group for surgical
interventions is people between 60 and 80 years of age [1],
which is a rapidly increasing demographic in many First-
World countries such as Australia. Within this cohort, there
are a common range of comorbidities in patients undergoing
spine procedures, which may contribute to outcomes fol-
lowing surgery. These comorbidities include cardiovascu-
lar disease, chronic pulmonary conditions, cerebrovascular
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disease, diabetes, renal disease, liver disease, dementia, can-
cer and depression [2, 3].

In an effort to monitor outcomes for spine surgery patients
and drive quality improvement, clinical registries have been
established in many countries that follow-up spine surgery
patients. A purpose of clinical registries is usually to col-
lect patient outcome data to help improve practice through
a process of evaluating outcomes and providing feedback
to participating surgeons and hospitals [4, 5]. Ideally, such
data would be collected prior to surgery and then at regular
follow-up time points, such as 12 months and 24 months
post-surgery.

The Australian Spine Registry (ASR) was established in
2016 as a pilot project [6]. As at July 2022, the registry has 15
surgeons in 18 hospital sites across Australia and has recruited
3685 patients. This number is expected to increase as the
registry matures and as more surgeons and their patients are
recruited. The ASR collects demographic and diagnostic infor-
mation and patient-reported outcomes (PROMS) including the
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Oswestry Disability Index (ODI), Neck disability Index (NDI)
and the EuroQol Five Dimensions (EQ5D). These validated
measures are well-accepted measures of functional disabil-
ity and quality of life relevant to spine surgery [7-10]. As an
evolving clinical registry, there is a valuable opportunity at this
time to consider what comorbidity data are important to col-
lect and what can help inform research and clinical outcomes.

A previous systematic review examined a number of
spine registries globally and summarised their data collec-
tion [4]. This review highlighted the heterogeneity of the
data collected and the high risk of bias in many published
studies and potential selection bias due to the type of registry
[4]. Spine registries may be national or institutional organi-
sations. National registries may be voluntary or mandatory,
secondary to government or insurer regulations surround-
ing quality control or audit. Multicentre institutional regis-
tries may carry a risk of selection bias as many are tertiary
referral institutions with selected patients or are industry
sponsored [4]. In addition, the previous review made several
recommendations regarding optimal data collection in future
spine registries. These recommendations included improve-
ments to the organisation and methodological approach to
spine registries, the use of patient-reported outcome meas-
ures (PROMS), improvements to analysis and reporting, and
practical data management goals [11]. While a summary of
the registries and data collected was presented in the previ-
ous review, information about the comorbidities collected
by the respective registries was not detailed.

Comorbidities are significant patient factors that contrib-
ute to outcomes. Comorbidities in patients may be assessed
using a comorbidity scale, such as the Charlson Comorbid-
ity Index (CCI) or the Elixhauser Comorbidity Index [12].
Comorbidity scales can be used to estimate risk of mortal-
ity and post-operative complications in a systematic manner
[13]. The majority of studies have shown that complications
and hospital stay are associated with comorbidities. For
example, higher CCI scores are associated with readmission
after orthopaedic surgery [2]; a higher risk of mortality [14];
and predictive of post-operative outcome [15]. However, the
relevance of individual comorbidities is unclear.

To help guide the systematic collection of best practice
data in our registry and inform practice in other registries,
this evidence mapping project aims to investigate (i) what
comorbidities are collected in spine registries, (ii) how they
are collected and (iii) the compliance and completeness of
collected comorbidity data.

Methods

This evidence map reviewed the comorbidities collected by
spine registries globally and identified where possible the
measures and methods used for reporting comorbidities.

@ Springer

Inclusion criteria—data sources

In addition to published studies, we included grey litera-
ture, such as annual reports and conference proceedings.

The inclusion criteria for this evidence map were that
the study (a) reported registry data, (b) reported comor-
bidity collection and data items, and (c) was limited to
patients aged 18 and over.

We defined spine registry data as data collected in a
multicentre activity which reports outcomes of spine sur-
gery. This definition included national registries, registries
collecting data from multiple hospital sites and surgical
databases from multiple sources that include data for spine
surgery outcomes. We defined compliance as the propor-
tion of patients for whom data are entered. Completeness
was defined as the extent of comorbidity data collected
and reported.

Exclusion criteria

We did not include studies reporting data for people aged
under 18 years due to a potential confounder with the con-
sent process and disease spectrum. We also excluded stud-
ies from single disease-specific databases, data from sin-
gle institutions, data related to spine trauma or emergency
admission, non-English publications and those published
before 2015. The rationale for limiting the search to results
published since 2015 was that the previous systematic
review by van Hoof and colleagues [4] had listed the reg-
istries and outcomes measured up to 2015. Since this time,
new registries have been formed and we wanted to obtain
a more contemporary view of the evidence about comor-
bidity measurement and inclusion within spine registries.

Healthcare settings

We included studies from all healthcare systems that con-
tribute to spine registry data. Earlier work [4] has identi-
fied registries in numerous countries with differing health-
care systems. As such, we expected a range of healthcare
settings and systems to be represented in the evidence
map.

Outcomes-comorbidity measures

We included all studies that used the descriptor “comor-
bidity” or “comorbidities” with enough detail to determine
what comorbidities had been collected and, if available, the
method of collection. This pragmatic approach was taken
as our knowledge of spine registry data suggested that there
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would considerable variation of collection and measurement
methods.

Search strategy

The search strategy was designed to capture all publications
that showed the comorbidities collected by spine registries
and was based on the search used by van Hoof et al. [4],
with additional terms to capture comorbidities. We included
terms related to the words “spine”, “back pain”, “registry”,
“comorbidity” and “surgery”. The terms were searched sepa-
rately and then combined with the Boolean operator AND
to include all terms.

The search was designed to retrieve a broad range of
results and included all published research articles based
on spine registry data and included conference abstracts.
In addition, we used the search engines Google and Google
Scholar to search for available registry annual reports and
presentations from professional conferences that would not
be available through the databases. Where annual reports
were available, we included the most recently published
version.

Ovid Embase (including Medline) was searched on 15
September 2021. The search included the fields of: title,
abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name,
keyword heading word, floating subheading word and candi-
date term word. The search was limited to English language
results from 1 January 2015, to 15 September 2021. In addi-
tion, we used the same search strategy to search Scopus for
any additional papers or conference abstracts. The search
strategy is shown in a supplementary file (S1).

Additional primary data collection from established
registries

Our knowledge of the literature based on spine registry data
suggested that there may be limited information available in
published articles, conference abstracts or published reports
to detail the collection of comorbidity outcomes by spine
registries. As such, we decided to write to established reg-
istries to directly solicit information. We established a list
of spine registries, based on previously published work [4]
and updated to reflect more recent additions. We searched
for publicly available contacts for the relevant registries
and augmented this with contact details for registry lead-
ers known to the authors. A list of questions was drafted
by one author and reviewed by two other authors. This list
of questions is included as a supplementary file (S2). This
data collection was approved by the Human Research Ethics
Committee (HREC) of the participating university, HREC
approval number 30985. The questions were then emailed
to the relevant contact person of the respective registries.

Results

Articles, conference abstracts, annual reports
and presentations

As shown in the PRISMA 2020 flow diagram (Fig. 1)
[16], the search identified 172 records from Ovid Embase
(including Medline), with a further 20 unique entries iden-
tified from Scopus. Following removal of duplicate records
(n=4), 188 records were screened on the abstract by one
author (MQ). Ninety records were excluded based on the
abstract. As such, 99 records were sought for retrieval.
Twenty-two of these records were for conference abstracts,
and as such, the full text was not available. Seventy-seven
full-text articles were screened for inclusion by two
authors (MQ and EA), with the data extraction spread-
sheet reviewed by three authors (MQ, EA and MJ) until
consensus was reached for inclusion. Following screening
of the abstracts and full-text articles, 36 full-text articles
and 4 conference abstracts were included in the evidence
map. Reasons for exclusion included data from a single
site (n=22), a specialist database (n=3), data from a
registry other than spine (n=7), insufficient comorbidity
data (n=4), paediatric data (n=4) and systematic reviews
(n=1).

Five annual reports and 1 presentation were publicly
available on the Internet. While 1 report (Australian Spine
Registry) and 1 slide presentation (American Spine Regis-
try) mentioned comorbidities, neither detailed the method
of comorbidity collection.

Types of registries

Due to the inclusion criteria, studies represented different
kinds of registries. There were 11 studies from national
spine registries [17-27], 2 from combined registry data
within a country [28, 29], 3 from an international spine
registry [30-32], 4 from multicentre registries [11, 33-35],
15 from large surgical databases [36—50], 2 from a state-
wide registry [51, 52] and 3 where the type of registry
was unclear [53-55]. Details of these registries are shown
in Table 1.

Comorbidities collected and methods of collection

In the included published studies, the most commonly
collected comorbidities were: neurological disease, car-
diovascular disease, cancer, anxiety/depression, diabetes,
smoking status, chronic obstructive pulmonary disease
(COPD), cerebrovascular disease and obesity (Fig. 2).
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Fig.1 Prisma 2020 flow diagram showing identification and screening of included studies
Table 1 Registries with included studies
Registry name Type of registry Country/region Number of
published studies
included
Multicentre Multicentre USA 4
Canadian Spine Outcomes and Research Network (CSORN) National Canada 2
SWESpine National Sweden 4
NORSpine National Norway 1
DANESpine National Denmark 1
SWESpine, NORSpine and DANESpine combined National Sweden, Norway, Denmark 3
SWESpine and Swedish Hip Arthroplasty Register Combined databases Sweden 1
Finnish PERFECT Combined databases Finland 1
Spine Tango International Europe 3
Quality outcomes database lumbar registry Surgical database USA 5
Quality outcomes database Surgical database USA 2
Michigan Spine Surgery Improvement Collaborative (MSSIC) Statewide registry USA 2
American College of Surgeons National Surgical Quality Surgical database USA 8
Improvement Program (ACS-NSQIP)
Japan Association of Spine surgeons with Ambition (JASA) Unclear Japan 1
27 linked institutions” Unclear Japan 1
“Prospective web-based registry” Unclear USA 1
Total 40
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Fig.2 Overview of the most commonly collected comorbidities, use
of comorbidity indices and reporting of comorbidity collection and
data source, from included studies and from registry responses

55% of studies reported comorbidity collection. 20% of
studies reported using a comorbidity index. Only 25% of
these studies (10/40) explicitly stated how the actual data
were collected and 38% of studies reported the comorbid-
ity source, i.e. patient, EMR, surgeon, etc. (Fig. 2).

The method of comorbidity collection differed by reg-
istry. Of the 11 studies from national spine registries,
SWEspine and DANEspine report use of patient-reported
comorbidity data collected at baseline or following sur-
gery, while others (e.g. NORspine) report use of surgeon
reported data for individual patients [17, 21, 22]. One
SWEspine study reported use of a comorbidity index cal-
culated on healthcare utilisation in the 12 months prior to
surgery [19]. The Canadian Spine Outcomes and Research
Network (CSORN) registry employs local research coor-
dinators who enrol the patients at each site and collect
demographic and comorbidity data [20]. The 3 confer-
ence abstracts from established national spine registries (2

SWEspine, 1 CSORN) did not explicitly report the method
of comorbidity data collection [25, 27, 56].

There were 3 studies from an international registry, Spine
Tango [30-32]. Studies using data from this registry report
the use of standardised forms to collect the American Soci-
ety of Anaesthesiologists (ASA) grade but suggest that this
registry does not collect other comorbidity data [31].

The 15 studies from large surgical outcomes database reg-
istries report employment of dedicated personnel and spe-
cific forms, and commonly utilise extraction from hospital
records to populate the data at each site. Examples of this
can be found in studies from the Quality Outcomes Database
[38, 45], the Quality Outcomes Database Lumbar Registry
[36, 39, 44, 47, 50] and the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) [37, 40-43, 46, 48, 49].

The one included statewide registry (Michigan Spine Sur-
gery Improvement Collaborative (MSSIC)) reports collec-
tion of demographic and comorbidity data, but the collection
method is not clear. One study from MSSIC reports comor-
bidity collection at baseline [51], while another reports col-
lection via patient self-report 30 days after surgery [52].

The studies identified from multicentre registries reported
comorbidity collection using the CCI or extraction to include
the comorbidities covered by the CCI [11, 33-35]. One of
these studies also documented the ASA grade [35].

The studies where the registry type was unclear did not
state how the comorbidity data were collected [53-55],
though one study reported that data were recorded for the
diseases and/or states covered by the CCI [53].

An overview of the included studies, the comorbidities
collected and the method of collection is shown in Table 2.

The extent of compliance and completeness in collecting
comorbidities data

None of the included studies reported the compliance and
success of comorbidity data collection from any type of
spine registry.

Results—data collection from other spine registries

Of the 14 spine registries approached, we received responses
from 7 (50%). These were the British Spinal Registry, the
Norwegian registry for spine surgery (NORspine), Euro-
spine (Spine Tango), the Canadian Spine Outcomes and
Research Network (CSORN), SweSpine, DaneSpine and
the American Spine Registry (AmSR).

Registries reported similar variation to published studies
regarding comorbidity collection. The most commonly col-
lected comorbidities were: neurological disease, cardiovas-
cular disease, cancer, anxiety/depression, diabetes, changes
in daily activities, COPD and pain conditions (Fig. 2,
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Table 2 (continued)

Registry

Comorbidities included

Years Comorbidity

Authors

Publication

Title

Type

measure/method of

collection

Spine Tango

2016 As per SpineTango Not stated

Zehnder P.

European Spine Journal.

The law of diminishing

Conference

Aghayev E.

Conference: EURO-

returns in surgery for
degenerative spinal dis-
orders: Quantification

abstract

Fekete T.F.

SPINE Meeting 2016.
Berlin Germany.

Haschtmann D.
Pigott T.

25(Supplement 3) (pp
$303), 2016. Date of

of the effect of previous

Mannion A.F

surgery on patient rated

outcomes

Publication: September

2016

Table 3). Recognised comorbidity indices were only used by
2/7 registries: the British Spine Registry (CCI) and CSORN
(Quan Comorbidity Index). The American Spine Registry
reports using an expanded dataset including the CCI where
relevant to specific studies or reports. A further 3/7 of reg-
istries reported use of ASA grade entered by the operating
surgeon in lieu of a recognised comorbidity index (SweS-
pine, DaneSpine, NORSpine). The use of patient-reported
comorbidity data at baseline is common (SweSpine, DaneS-
pine, British Spine Registry CSORN). The American Spine
Registry uses electronic medical record (EMR) extraction
to report comorbidities identified by International Classifi-
cation of Disease (ICD) codes, which are submitted to the
registry by staff at participating institutions.

Similarly, as indicated in Table 3, the compliance and
completeness for those entering the comorbidity information
varied by registry. The British Spine Registry reported 100%
compliance for patients entered into the registry, as the data
fields are mandatory for both patients and clinicians. The
Scandinavian registries report differing levels of compliance.
For patient-reported comorbidities SweSpine reports 80%
compliance at baseline, while DaneSpine reports “almost
100%”. NORspine reports difficulties in assessing compli-
ance, as both patients and surgeons can choose a “no comor-
bidity” option. Difficulties in obtaining follow-up data were
reported; Swespine reported 75% compliance at 1-year
follow-up, while DaneSpine reported 80% compliance at
1 year and 45% compliance at 10 years. For ASA grade,
there were also differences in compliance; NORspine reports
100% compliance, while DaneSpine reports approximately
50% compliance. The AMSR highlighted that it is difficult
to ascertain whether “no reported comorbidities” represents
patients with no comorbidities or the degree of missing data.

Discussion

Our findings have identified that there is variation in the
methods of collection and the types of comorbidities col-
lected in the published literature, with many studies not
reporting these details. Our additional primary data col-
lection from established registries was vital to our under-
standing regarding comorbidity collection in spine registries
as many published studies provided scant detail about the
methods of collection, the rationale for using a given method
or the completeness and compliance associated with use.
Typically, the most complete comorbidity collection is
done by large surgical databases, such as the American Col-
lege of Surgeons NSQIP. These large multicentre databases
or registries have dedicated staff who collect the comorbid-
ity data directly from the patient at baseline or have access
to patient medical records from either electronic hospital
databases or national healthcare registers. In addition, for
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countries that have a nationalised healthcare system, or
where medical records are available on a single national
database, consistent comorbidity data are easier to col-
lect. Canada, for example, has a universal, publicly funded,
decentralised healthcare system where patient data are avail-
able through hospital EMRs. In Sweden, the use of personal
identification numbers facilitates the linkage of patient data
making the collection of specific comorbidities easier [57].

Communication with the established registries also iden-
tified that there was limited consistency in the comorbidities
collected, confirming the findings from published studies. In
spine surgery, the typical comorbidity measure is the CCI
[12]. However, the CCI is now used to predict a variety of
outcomes and to adjust for comorbidities. Furthermore, the
CCI has been adapted and modified by researchers in rela-
tion to included conditions and the weighting of conditions
[58] making comparisons across studies using different ver-
sions of CCI difficult. Some registries use ASA grades as a
proxy for comorbidity measurement. The ASA classifica-
tion was developed in 1942 and has undergone various revi-
sions [59] with the latest amendment in 2020 [60]. It cur-
rently serves two functions: (a) to quantify the physiological
reserve of a patient at the time they are about to undergo a
surgical procedure and (b) as a healthcare billing tool [61].
Although not a formal comorbidity instrument or a formal
predictor of perioperative risks, ASA is used to stratify the
preoperative health status and for assessing risk of intra- and
post-operative complications of spine surgery patients [62].
Although the ASA is a simple rating process, it is based on
multiple factors and requires the expertise of a trained anaes-
thetist or surgeon. However, due to the subjective nature of
scoring, studies have shown variability between surgeons’
and anaesthetists’ ASA scores [63, 64]. The inter-reliability
of the ASA score, when different anaesthetists were com-
pared, has been reported to be only “fair” [65].

However, a recent study evaluated the discriminatory
ability of the ASA, the CCI and the modified Frailty Index
(mFI) to predict adverse outcomes after lumbar fusion in
17,000 patients, finding that the most predictive comorbidity
index was the ASA and the demographic factor of age [58].
This raises an interesting point about the need for collecting
extensive comorbidity data.

The importance of age should not be overlooked. In 2019,
the number of people globally over the age of 65 was 703
million with this number predicted to double by 2050 [66].
The proportion of older people undergoing spine surgery
is also increasing with the age group where spine surgery
is most frequently performed being 60-79 years [67]. The
collection of comorbidity or “multimorbidity” data (multi-
morbidity defined as the presence of two or more chronic
diseases [68]) is important for the assessment of risk and
personalised management of patients undergoing spine sur-
gery. To analyse spinal surgery outcomes, patient-reported

@ Springer

outcomes, and to translate these outcomes into perioperative
risk and healthcare costs, accurate collection of comorbidi-
ties is essential [68]. However, the methods used for col-
lecting comorbidities in spine surgery literature is rarely
reported, and the reporting of comorbidities is very hetero-
geneous [68, 69].

The use of comorbidity indices in large registries or
national datasets, like NSQIP or CSORN, can also be influ-
enced by the type of data the registry collects, the method of
collection and the data completeness [58, 70]. Comorbidities
which are collected directly from electronic hospital records,
and coded by medical administrators, rely on the accuracy
and definition of the comorbidities in the International Clas-
sification of Disease (ICD) handbook. As a consequence of
updates to the ICD (the latest being ICD-10), registries and
large dataset comorbidity definitions can change, and the
indices they use need to be adapted for continued accuracy
making longitudinal analyses difficult [70].

Strengths of this evidence map are that the literature was
extensively searched and we subsequently collected primary
data from international spinal registries to address the gaps
in the published literature. Limitations of this evidence
map include the low response rate from the primary data
collection; of the 14 spine registries contacted, only 50%
responded. However, the registries that responded represent
arange of registries within different countries and healthcare
systems, similar to the published literature. Another limi-
tation is that our search and primary data collection were
limited to the English language, so it is possible that there
may be relevant studies and/or registries from non-English-
speaking countries that were not included. Although poten-
tially clinically important, the collection and relevance of
risk adjustment factors such as patient education level or
insurance status are not comorbidities and were therefore
beyond the scope of this study.

Conclusion

This evidence map identified that publication of spine sur-
gery comorbidity data either by registries or by smaller
research groups is varied, with less than half of published
studies reporting the methods of data collection and a low
proportion reporting use of a comorbidity index. The quan-
tity, type and collection method of comorbidity data, along
with who should collect or report the data to accurately
determine prediction of surgical risks and outcomes remains
unclear. Without disclosure on the data source and method,
the ability to directly compare information from different
registries is extremely difficult. Due to the variability in pub-
lished data, we recommend that these details be included in
the literature to inform researchers of the types of method-
ologies used. For spine registries, it would be beneficial to
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have a standardised set of comorbidities and data collection
methods to facilitate collaboration and data comparisons
between patient cohorts. The use of a standardised set would
help to build best practice in spine registries and may also
facilitate improved patient outcomes following spine surgery
by allowing predictive modelling of risk factors.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00586-023-07529-3.
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