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Abstract

Purpose Data quality is essential for all types of research, including health registers. However, data quality is rarely reported.
We aimed to assess the accuracy of data in a national spine register (NORspine) and its agreement with corresponding data
in electronic patient records (EPR).

Methods We compared data in NORspine registry against data in (EPR) for 474 patients operated for spinal stenosis in
2015 and 2016 at four public hospitals, using EPR as the gold standard. We assessed accuracy using the proportion correctly
classified (PCC) and sensitivity. Agreement was quantified using Kappa statistics or interaclass correlation coefficient (ICC).
Results The mean age (SD) was 66 (11) years, and 54% were females. Compared to EPR, surgeon-reported perioperative
complications displayed weak agreement (kappa (95% CI)=0.51 (0.33-0.69)), PCC of 96%, and a sensitivity (95% CI) of
40% (23-58%). ASA classification had a moderate agreement (kappa (95%CI)=0.73 (0.66-0.80)). Comorbidities were
underreported in NORspine. Perioperative details had strong to excellent agreements (kappa (95% CI) ranging from 0.76
(0.68-0.84) to 0.98 (0.95-1.00)), PCCs between 93% and 99% and sensitivities (95% CI) between 92% (0.84—1.00%) and
99% (0.98-1.00%). Patient-reported variables (height, weight, smoking) had excellent agreements (kappa (95% CI) between
0.93 (0.89-0.97) and 0.99 (0.98-0.99)).

Conclusion Compared to electronic patient records, NORspine displayed weak agreement for perioperative complications,
moderate agreement for ASA classification, strong agreement for perioperative details, and excellent agreement for height,
weight, and smoking. NORspine underreported perioperative complications and comorbidities when compared to EPRs.
Patient-recorded data were more accurate and should be preferred when available.
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Introduction

In clinical research, it is crucial to question how true and
accurate data are; however, data validity and accuracy
assessments are rarely published explicitly. National medical
registries collect large-scale data during the dynamic work-
flow of daily clinical practice and have become essential
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sources of evidence-based medicine and health care policies.
Register-based studies reflect everyday practice and have
high external validity, and complement randomized control
trials (RCTs) that assess smaller populations with lower
external validity. Register data are collected and recorded
by healthcare personnel, and not by dedicated research
assistants. Therefore, it is essential to periodically assess
the quality of register data reported by healthcare personnel
and patients by validating it against other sources of data
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[1-3]. Because systematic errors can lead to bias, register
validations may impact the robustness of medical and politi-
cal conclusions based on register data. The literature on the
validity of medical register data is sparse. Some studies are
reporting good validity of medical and cancer registries
[4-6]. However, a recent validation study of a German spine
registry (DWG) showed high inaccuracy [7] and the authors
recommended against using these register data.

Our study aimed to assess the accuracy and agreement of
NORspine data by comparing it to electronic patient records
(EPR). Such information can aid in identifying pitfalls and
conceptual problems related to data collection, not only
relevant for other spine registers but also others, routinely
recording clinical data.

Patients and methods

In this cross-sectional study, we reviewed electronic patient
records (EPRs) of patients operated for lumbar spinal ste-
nosis (LSS) who consented and responded to NORspine
between January 1, 2015, and December 31, 2016. The
authors were authorized to access data from four public
hospitals within one health region (South-Eastern Norway
Regional Health Authority) in Norway. To assess the repre-
sentativity of our sample, we compared the study population
to those treated at the remaining hospitals.

In Norway, all 39 hospitals (coverage =100%) that offer
surgery for degenerative spinal disorders are obliged to
report data to NORspine. Seventy percent of all patients that
undergo elective spine surgery in Norway are included in
NORspine, and the proportion that responds one year after
surgery is seventy-four percent [8].

A NORspine data set consists of a preoperative form
completed by the patient at admission for surgery. This
form covers items related to sociodemographic and life-
style variables (e.g., smoking, height, and weight) and a
standard battery of questionnaires assessing pain and dis-
ability (Table 5). Immediately after completing surgery, and
optimally while still in the operating theater, the surgeon
completes a standardized form and reports clinical and radi-
ological diagnosis, relevant comorbidities, ASA classifica-
tion—usually as graded by the anesthetist, and details about
the surgery, e.g., previous surgery, surgical access, surgical
methods, and level(s) operated. The surgeon also reports
perioperative complications by a predefined list (Table 6).

Patients report the clinical outcome at 3 and 12 months
after surgery as assessed by standard Patient-Reported Out-
come Measures (PROMs).

Electronic patient records (EPRs) consist of non-struc-
tured text documents (free text) recorded by DIPS® software
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within predetermined headings. We reviewed the EPRs
using a standard empty NORspine form, and the investi-
gators (OKA and SK) had no access to the corresponding
data previously recorded in the NORspine. The study group
selected a set of NORspine variables that could be recap-
tured from EPRs. Furthermore, we reviewed EPR documents
(e.g., admission and surgeon’s notes) at the same time point
as the time of surgery recorded in NORspine. We did not
assess variables that were not registered routinely or consist-
ently in EPRs, such as PROMs, symptom duration, marital
status, education level, mother tongue, and working capa-
bility. The clinical follow-up at the treating centers was not
standardized, and it was performed at different time points
at the hospitals without structural recording in EPR. Hence,
follow-up data (including reoperations) in NORspine were
not evaluated against EPRs in this study.

The EPRs of 22 patients were independently reviewed by
two raters (OA and SK) to estimate interobserver reliability.

We calculated concordance in terms of agreement when
comparing the structured NORspine data with EPR data; we
also calculated accuracy for dichotomous variables, using
EPR as the gold standard. We chose to report both accu-
racy and agreement because the use of certain EPR vari-
ables as a reference could be questioned (e.g., smoking and
comorbidity).

The NORspine form requires the surgeon to report rel-
evant comorbidities from a list, such as cardiovascular dis-
ease, diabetes, and osteoarthritis. In the EPR, comorbidity
is recorded irrespective of its relevance to the planned spi-
nal surgery. Consequently, agreement and accuracy were not
evaluated for comorbidities. We only compared frequencies
of relevant comorbidities recorded in NORspine vs. the cor-
responding comorbidities recorded in EPRs. Furthermore,
we assessed the agreement for ASA classification between
the two data sources.

Statistical analyses

Baseline data were described using means (95%CI) (con-
tinuous data) and proportions (categorical data). Accuracy
was assessed by proportion correctly classified (PCC) and
sensitivity. Perioperative complications were categorized by
eight categories (Table 6), and the accuracy of complication
recording was assessed by class average accuracy (CAA)
using the micro-averaged method. Agreement between
NORspine and EPRs was assessed by Cohen's kappa (K)
or Fleiss weighted kappa (K) for categorical variables
(dichotomous and ordinal variables). (ASA classification
was analyzed as an ordinal variable, ranging from 1 to 5,
in the agreement analysis.) For continuous variables, we
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calculated the intraclass correlation coefficient (ICC) using
a two-way mixed model to assess absolute agreement [9].
We classified agreement (K-value) as minimal (0.21-0.39),
weak (0.40-0.59), moderate (0.60-0.79), strong (0.80-0.90),
and almost perfect (>0.90) [10]. Agreement according to
ICC (values) was classified as poor (<0.50), moderate
(0.50-0.75), strong (0.75-0.90), and excellent (<0.90) [11].
Finally, we calculated the prevalence of missing values for
each variable. The results are presented as point estimates
with 95% confidence intervals (CI).

We used SPSS, version 26 (IBM Corp., Armonk, N.Y.,
USA) and STATA version 16 (StataCorp. 2019. Stata Statis-
tical Software: Release 16. College Station, TX: StataCorp
LLC.)

Ethical considerations

The Norwegian Regional Committee for medical and
health research ethics approved this study (reference no.
2017(2157)), as did the data protection officers at the four
hospitals. All patients had provided informed consent, and
the study was conducted in compliance with the Helsinki
declaration.

Results

NORspine recorded 3,843 patients operated for LSS during
2015 and 2016. The investigators were authorized to access
EPRs at four hospitals and reviewed the EPRs of 474 con-
secutive operated patients (12.3% of the NORspine popula-
tion). Mean age (95%CI) was 66 (65.3—67.2) years, and 254
(54%) were females. The total of missing data were 0.9% in
NORspine (completeness 99.1%) and 2.8% (completeness
97.2%) in EPRs (Table 7).

Patient characteristics, including data on the rest of the
NORspine patients operated for lumbar spinal stenosis, are
shown in Table 1. Our sample differed somewhat from the
rest of the NORspine population at baseline. The included
patients had more comorbidity, higher BMI, and higher dis-
ability (ODI) and pain scores (NRS =numeric rating scales)
for leg and back pain. In addition, the study population had
more smokers and had fewer perioperative complications
than the total spinal stenosis population registered in NOR-
spine (Table 1). For a sample of 22 patients, the interrater
reliability for the two authors that reviewed EPR variables
was almost perfect.

Table 1 Patient characteristics

. . . N NORspine data—4 hospitals NORspine data—
and per%operat'lve details of 474 n=474 remaining hospitals
NORspine patients operated for n=3369
spinal stenosis at four hospitals
compared to 3369 from the Mean (95% CI) or n (%) Mean (95% CI) or n (%)
remaining hospitals Age 66.3 (65.3-67.2) 65.7 (65.4-66.1)
Female 254 (53.6%) 1,743 (51.7%)
Civil status—single 115 (24.3%) 899 (26.7%)
ASA* grade 1 and 2 353 (74.5%) 2,582 (77.1%)

Body mass index (BMI)
Smoking

Comorbidity, any

Previous spinal surgery, any
Preoperative ODI**
Preoperative NRS*** back pain
Preoperative NRS leg pain
Preoperative EQ-5D index****
Additional fusion
Perioperative complications
Missing data*****

28.3 (27.9-28.7)
111 (23.7%)

27.7 (27.6-27.9)
628 (18.8%)

336 (75.5%) 2,208 (69.6%)
131 (27.8%) 866 (26.0%)
40.9 (15.9) 40.0 (15.4)
6.8 (2.1) 6.5(2.2)

7.0 (2.1) 6.5 (2.2)
0.332 (0.319) 0.369 (0.323)
51 (10.8%) 355 (10.5%)
15 (3.2%) 184 (5.5%)
58 (0.9%) 515 (1.1%)

*ASA: American society of anesthesiologists—classification of physical status (1-5)
**0DI: Oswestry Disability Index (0-100)

*#%NRS Numeric rating scale (0-10)

*#*k¥*EQ-5D: EuroQol five-dimensional index: quality of life (—0.59-1.00), values under 0.00 are consid-

ered “worse than dead”

*#*x% Appendix Table 1 shows that five variables missed some data (BMI, smoking, comorbidity (any),
previous spinal surgery (any), and surgical access.
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Table 2 Accuracy and agreement of NORspine data for 474 spinal stenosis patients compared to their electronic patient records

Variable (missing, n) Prevalence * n (%)

Proportion correctly clas-

Sensitivity (95%CI) Kappa (95%CI)**

sified, PCC (%)

Perioperative complications (11) 30 (6.4%) 96
Previous spinal surgery (14) 120 (26.1%) 97
Additional fusion 51 (10.8%) 99
Access, posterior midline (26) 414 (92.4%) 93
Level L2-3 (14) 74 (16.1%) 99
Level L3-4 (13) 193 (41.9%) 99
Level L4-5 (13) 312 (67.7%) 98
Level L5-S1 (13) 48 (10.4%) 99
Smoking (43)%*#* 112 (26.0%) 97

40% (23-58)
96% (92-99)
94% (88-100)
93% (91-96)
99% (96-100)
98% (96-100)
99% (98-100)
92% (84-100)
92% (87-97)

0.51 (0.33-0.69)
0.93 (0.89-0.97)
0.93 (0.88-0.99)
0.19 (0.03-0.35)
0.98 (0.95-1.00)
0.97 (0.95-0.99)
0.95 (0.92-0.98)
0.92 (0.86-0.98)
0.93 (0.89-0.97)

*prevalence according to EPR

**Cohens Kappa

***Smoking was registered by patients on the preoperative form; the remaining variables were registered by the surgeon on the postoperative

form

Perioperative complications were recorded for 15 (3.2%)
patients in NORspine, and 30 (6.5%) patients in the EPRs.
The agreement between NORspine and EPR was weak (K
(95%CI)=0.51 (0.33-0.69)). The class average accuracy for
all perioperative complications was 99.4% (eight different
categories combined), and for dural tears isolated, 97.0%
were classified correctly (PCC). The sensitivity for record-
ing a complication (95%CI) was 40% (23-58%) (Table 2).

As shown in Table 3, ASA classification (1-5) showed
moderate agreement (K (95%CI)=0.73 (0.66-0.80)).
Table 4 shows the differences in the prevalence of comor-
bidities. NORspine underreported comorbidities compared
to EPRs.

As shown in Table 2, previous surgery (yes or no) had an
almost perfect agreement (K (95%CI)=0.93 (0.89-0.97)),
a proportion classified correctly of 97.2%, and a sensitivity
of 95.8%. The number of previous surgeries showed moder-
ate agreement (K (95%CI)=0.62 (0.48-0.75)), as shown in
Table 3.

Perioperative details (method of decompression, fusion,
surgical access, spinal level operated) recorded by the sur-
geon showed moderate to excellent agreement between
NORspine and EPR (K=0.76 to 0.98), and high proportions
were classified correctly (93-99%). The sensitivity for the
recording of perioperative details was high (92-99%).

Table 3 Agreement for

. i Data source
NORspine data for 474 spinal

Variable Agreement* (95%CI)

stenosis patients compared to
their electronic patient records,
ordinal or continuous variables

Surgeon, postoperative form

Patient, preoperative form

ASA classification**

Number of previous surgeries

0.73 (0.66-0.80)
0.62 (0.48-0.75)***
0.91 (0.84-0.99)
0.90 (0.82-0.98)
0.76 (0.68-0.84)
0.99 (0.98-0.99)
0.99 (0.99-0.99)
0.99 (0.98-0.99)

Number of levels operated

Type of surgery****

Method of decompression™***%*%*
Height (centimeters)

Weight (kilograms)

BMI (calculated)

*Fleiss weighted kappa for ordinal data, intraclass correlation coefficient (ICC) for continuous data. ICC
was calculated using a two-way mixed model and absolute agreement (average measures)

** ASA: American Society of Anesthesiologists—classification of physical status (1-5). Mean ASA score
was 2.17 in NORspine and 2.14 in EPR

***Mean number of previous spine surgeries was 1.29 in NORspine and 1.42 in EPR

*#*+*Type of surgery was graded as decompression or decompression and fusion

*#*k**Decompression options were unilateral foraminotomy, crossover (“over the top”), or bilateral forami-

notomy
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Table 4 Prevalence of relevant comorbidities reported by NORspine
compared to relevant comorbidities reported in EPRs for 474 patients
operated for LSS

Diagnosis NORspine, n (%) EPR, n (%)

Hypertension 161 (34.0%) 243 (51.3%)

Heart disease 119 (25.1%) 107 (22.6%)
Hip or knee osteoarthritis 31 (6.5%) 67 (14.1%)
Diabetes 49 (10.3%) 67 (14.1%)
Depression or anxiety 12 (2.5%) 54 (11.4%)
Rheumatoid arthritis 7(1.5%) 15 (3,2%)
Ankylosing spondylitis 1(0.2%) 3 (0.6%)
Other rheumatic disorder 19 ((4.0%) 25(5.3%)
Chronic pain 16 (3.4%) 40 (8.4%)
Chronic neurologic disorder 13 (2.7%) 34 (7.2%)
Peripheral vascular disease 14 (3.0%) 32 (6.8%)
Chronic lung disease 52 (11.0%) 89 (18.8%)
Cancer 17 (3.6%) 47 (9.9%)
Osteoporosis 6 (1.3%) 23 (4.9%)
Endocrine disorder 24 (5.1%) 49 (10.3%)
Other 75 (15.8%) 218 (46.0%)

Smoking status had an almost perfect agreement (K
(95%CI)=0.93 (0.89-0.97)), a proportion correctly clas-
sified of 97.2%, and a sensitivity of 92.0%. Furthermore,
as shown in Table 3, the patients' height, weight, and BMI
showed excellent agreement between NORspine and EPRs
(ICC=0.99 t0 0.99).

Discussion

This cross-sectional study compared Norwegian spine
registry (NORspine) data to corresponding EPR data. We
found a weak agreement for perioperative complications, a
moderate agreement for ASA classification, a moderate to
strong agreement for perioperative details, and almost per-
fect agreement for demographics. NORspine underreported
perioperative complications and comorbidity.
Perioperative complications had a weak agreement and
were underreported (sensitivity of only 40%) in NORs-
pine. For example, dural tears were recorded in 13 patients
(2.7%) in NORspine and 25 patients (5.3%) in EPR. Physi-
cians' underreporting of surgical complications has been
previously reported [12—17]. In line with our findings, a
Swedish study of medical registers by @hrn et al. from
2011 showed that only 74 of 210 (35%) of complications
registered in a patient claim database had been recorded
in the Swedish spine register [18]. Furthermore, a study
validating German spine register data found wrong entries

ranging from 10 to 50% for variables describing complica-
tions and reoperations [7]. Still, a sensitivity of 40% for
surgeon-reported perioperative complications in the pre-
sent study was unexpectedly low. We found a class aver-
age accuracy (CAA) for all perioperative complications
of 99.4%; however, some of the complications listed are
extremely rare, and CAA may, therefore, overestimate the
accuracy of complication reporting. Previously published
data on the prevalence of perioperative complications
range between 3 and 16% [19-22]. The corresponding
number in NORspine was 3.2%, also indicating an under-
reporting. EPRs documented 6.5% perioperative complica-
tions — a number more concordant with previous studies.
Perioperative complications are recorded in NORspine and
EPR at the same time point, and these data sources should
match. Possible explanations for the discrepancy between
the frequencies of complications recorded in NORspine
and EPRs can be different definitions; for example, a minor
repaired dural tear may not be graded as a complication
by some surgeons.

ASA classification showed a moderate agreement, and the
means between the two data sources were similar (2.17 vs.
2.14), illustrating no tendency to either under- or over-classi-
fication. The German spine register validation study reported
wrong entries for ASA classification in 25% of cases and
showed that a relatively simple classification system might
be reported inaccurately [7]. However, all classification sys-
tems are subject to interpretation and inherent disagreement.
We considered the ASA classification recorded in EPRs by
anesthetists as the gold standard. However, the surgeon com-
pleting the NORspine form could either miss or disagree
with the ASA classification provided by the anesthetist or
use an ASA score recorded elsewhere in the EPR.

Each comorbidity was underreported in NORspine; this
may be because surgeons could have different definitions
of comorbidity they considered relevant, which illustrates a
problem with the concept validity of this item in the NOR-
spine questionnaire. Carreon et al. studied the comorbidity
in patients with spinal stenosis in 2003 [21]. They found
prevalence on the same level as we did in EPR, which sup-
ports our conclusion that comorbidity was underreported
in NORspine. Moreover, previous studies have found low
accuracy for orthopedic surgeons performing coding of
diagnoses and indications for surgery, assessing cognitive
function, and registering antibiotic use [23-25]. The discrep-
ancy in the recorded prevalence of depression and anxiety
in NORspine vs. EPRs may indicate that spine surgeons are
not sufficiently aware of patients’ mental health and how
mental health may influence the clinical results (PROMs)
after spinal surgery.
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One should consider alternative ways of assessing comor-
bidity. However, other comorbidity scoring systems as frailty
score and comorbidity indices (Charlson comorbidity index
(CCI) and Elixhauser comorbidity index) [26, 27] are more
complex, possibly affecting response rates and accuracy. We
found ASA classification to be the most feasible comorbid-
ity measure, and it displayed moderate agreement in our
study. Mannion et al. found that ASA was a strong predic-
tor of complications after hip surgery, and adding a more
complex score (CCI) was not superior in predicting post-
operative complications [28]. Hence, we recommend using
ASA classification over more complex measures despite its
limitations.

There was a discrepancy in accuracy between the differ-
ent variables concerning previous surgery. Previous spinal
surgery (yes/no) had an agreement of 0.93, and the number
of previous surgeries had an agreement of 0.62; this indi-
cates that NORspine is more precise in recording patients
who had any previous surgery than the exact number of pre-
vious surgeries.

Perioperative details were accurately registered, with
the proportion correctly classified above 93%. There was a
strong to excellent agreement between NORspine data and
the EPR data, with kappa values above 0.90; this is also in
line with the literature; orthopedic surgeons coded surgi-
cal procedures and classified x-rays accurately in previous
studies [23, 24]. However, surgical access reported by the
surgeon showed minimal agreement between NORspine and
EPR. Defining surgical accesses in NORspine may have
been subject to interpretation, as surgeons may have mis-
interpreted the “lateral/Wiltzes’” choice as the direct lateral
approach. Therefore, the NORspine board plans to clarify
and amend options for surgical accesses in the next version
of the surgeon-reported questionnaire.

Smoking status is recorded in the EPR as a direct ques-
tion to the patient and in the NORspine as a simple yes
or no question. The source of these two variables was the
same, the patient. However, there was an error rate of 2,5%
(PCC 97,5%) and an agreement of 0.93. This variable can
indicate the rate of random error in NORspine. Patients’
height, weight, and BMI displayed excellent agreement. The
patients themselves report these variables to NORspine, and
their accuracy and agreement could serve as an aim for sur-
geon-recorded variables. It is questionable to define EPR as
a gold standard because some variables could be more cor-
rectly reported by patients than healthcare personnel. A fur-
ther step to improve data quality could be to use a combined
construct of patient- and physician-recorded variables [4].

About 1% of NORspine data values were missing val-
ues, as compared to 3% in the EPR. This is in line with a
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literature review of data quality from 2002 [29]; they found
2% missing data in automatically collected and 5% in manu-
ally collected register data.

Our study has several limitations: We used EPRs as an
external data source, although they may lack relevant infor-
mation. EPR data might not be appropriate for some vari-
ables as a reference, so we chose to report both accuracy and
agreement. Agreement would be a more appropriate measure
when no clear reference standard exists. The EPRs at the
four hospitals were not standardized (free text format) and
could miss or misinterpret relevant information. On the other
hand, every patient has an EPR, and it has been defined as a
gold standard in other validation studies [4—7] and has a high
medical and legal status. Ideally, to be defined as a complete
gold standard, the EPR should record PROMs.

Another limitation was potential selection bias due
to the non-randomized selection of hospitals. The accu-
racy of NORspine and EPR data registration could dif-
fer between hospitals, limiting the generalizability of
our findings. However, most of the differences in patient
characteristics between the four selected and the remain-
ing hospitals reporting to NORspine were small, and
some of them might be incidental findings. Therefore, the
authors consider the patient sample representative for the
broader population of the NORspine. Patients analyzed
in the present study were operated on and included dur-
ing 2015-2016, and no relevant changes have been made
in NORspine since 2015. Therefore, we believe that our
findings are still relevant.

The selection of variables had to be limited to those
available and suitable for comparison in both data sources.
Therefore, the concordance of some relevant variables
could not be assessed (e.g., patient-reported disability
and pain).

We only assessed patients who underwent decompression
due to spinal stenosis, who were treated with a limited num-
ber of simple procedures and surgical accesses. Our results
may, therefore, represent a “best-case scenario” regarding
the quality of NORspine data.

The strength of this study was a comprehensive and sys-
tematic review of a large number of EPRs at four hospitals.
We assessed both accuracy (PCC and sensitivity) and agree-
ment (kappa or ICC) of patient—and surgeon-reported data
to validate different NORspine variables.

Future perspectives and implications

A long-term goal could be the inclusion of clinical regis-
try data in a structured EPR. Structured EPRs have been
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implemented in Norway for hip fracture patients, and data
from a structured EPR are sent directly to the national hip
fracture audit. Structured EPRs can improve the quality of
the EPR and the quality and completeness of registry data.
Furthermore, structured EPRs could make valuable data
more accessible to clinical research. A future perspective
would be to integrate spine registers into a structured EPR.

Conclusions

This cross-sectional validation study showed that the Nor-
wegian Registry for Spine Surgery (NORspine) tended to
underreport perioperative complications to spine surgery

compared to corresponding EPRs. This finding may rep-
resent a systematic error (information bias), and future
register studies on complications after spinal surgery could
cross-reference perioperative complications with other data
sources to reduce the risk of underreporting. Comorbidi-
ties were also underreported in NORspine; the ASA clas-
sification seems the simplest and most reliable way to assess
comorbidity. Perioperative details and patient-reported data
had moderate to excellent agreement.

Appendix

See Tables 5, 6 and7.

Table 5 Patient-reported
preoperative questionnaire

Variables

NORspine question/alternatives Recorded in EPR review

(2015-2016 edition, authors

- Do you smoke?
translation)

Height

Weight

Education, highest level

Family and children

Civil status

How many children do you have?
First language

Pain level during last week

Quality of life

Analgesics

Duration of back symptoms

Duration of leg symptoms

Occupational status

Have you applied for a disability benefit?

Applied for compensation from insurance Four options

co. or workers’ comp?

Yes/No Yes/No
Centimeters Centimeters
Kilograms Kilograms

Five options Not evaluated

Married/cohabitant/Single Not evaluated
Number Not evaluated
Norwegian/Sami (indigenous)/Other  Not evaluated
Numeric rating scale back pain 0-10 Not evaluated
Numeric rating scale leg pain 0-10  Not evaluated
Oswestry Disability Index Not evaluated
EuroQol-5Dimensions-3Level Not evaluated
EuroQol VAS (0 worst — 100 best)

Do you use analgesics due to back
and/or leg pain? Yes/No

Not evaluated
Not evaluated

How often? (Four options) Not evaluated

Four options Not evaluated
Four options Not evaluated
Ten options Not evaluated
Four options Not evaluated

Not evaluated

@ Springer
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Table 6 Surgeon-reported perioperative questionnaire (2015-2016 edition, authors’ translation)

Variable NORspine question/alternative(s) Recorded from EPRs

Previous back surgery Yes, same level/Yes, different level/No Yes (any)/No

Previous surgery, number Number of previous lumbar surgeries (count) Number of previous lumbar surgeries (count)

Other relevant diseases, injuries, or No No

complaints

Yes, specify Rheumatoid arthritis Rheumatoid arthritis
Ankylosing spondylitis Ankylosing spondylitis
Other rheumatic disorder Other rheumatic disorder
Hip or knee osteoarthritis Hip or knee osteoarthritis
Depression or anxiety Depression or anxiety
Chronic musculoskeletal pain Chronic musculoskeletal pain
Chronic neurologic disorder Chronic neurologic disorder
Cerebrovascular disease Cerebrovascular disease
Cardiac or vascular disease Cardiac or vascular disease
Peripheral vascular disease Peripheral vascular disease
Chronic pulmonary disease Chronic pulmonary disease
Cancer Cancer
Osteoporosis Osteoporosis
Hypertension Hypertension
Diabetes mellitus Diabetes mellitus
Other endocrine disorder Other endocrine disorder
Other, specify Other, specify

Radiologic examination CT Not evaluated
MRI Not evaluated
Radiculography Not evaluated
Discography Not evaluated
Diagnostic block Not evaluated
Lumbosacral spine X-ray Not evaluated
With flexion/extension Not evaluated

Radiologic assessment Normal Not evaluated
Disk herniation Not evaluated
Spinal stenosis, central Not evaluated
Spinal stenosis, lateral Not evaluated
Foraminal stenosis Not evaluated
Degenerative spine/disk Not evaluated
Isthmic spondylolisthesis Not evaluated
Degenerative spondylolisthesis Not evaluated
Degenerative scoliosis Not evaluated
Synovial cyst Not evaluated
Pseudomeningocele Not evaluated
Other, specify Not evaluated

Indication for surgery Back/hip pain/Leg pain/Both Not evaluated
Palsy Yes/No Not evaluated
Palsy grade (0-5) Not evaluated
Cauda equina syndrome Not evaluated
Other, specify Not evaluated

@ Springer



European Spine Journal (2022) 31:801-811

809

Table 6 (continued)

Variable

NORspine question/alternative(s)

Recorded from EPRs

Early reoperation (90 days), cause

Type of surgery

ASA classification
Surgical method

Other surgical methods

Surgical access
Fusion

Type of bone graft
Spinal level(s) and side(s) treated

Antibiotic prophylaxis
Wound drainage

Surgical time

Recurrent disk herniation

Dural tear

Hematoma

Deep infection

Superficial infection

Post-op spondylolisthesis
Loosening/malposition of implants
Planned/emergency/in between
Outpatient surgery (yes/No)

1-5 (explained in text)
Microscope/magnifying glasses (yes/no)

Extirpation of disk herniation No/Yes with complete
discectomy/Yes without complete discectomy

Midline preserving decompression (yes/no)
Unilateral (Yes/No)

Crossover (“over the top”) (Yes/No)
Bilateral laminotomy yes/No
Laminectomy Yes/No

Removal of facet joint yes/no
Removal of facet joint uni-/bilateral
Endoscopic

Minimally invasive (tube)
Interspinous implant

Removal of interspinous implant
Disk prosthesis

Nucleus implant

Nucleotomy

Chemical nucleolysis

Revision of implants

Removal of implants

Other, specify

Posterior midline, lateral (Wiltze), anterior
Posterolateral (instrumented/bone graft)
ALIF (cage/bone block)

PLIF (cage/bone block)

TLIF (cage/bone block)

Other, specify

Autograft/bone substitute/allograft
L2-3 (right/left)

L3-4 (right/left)

L4-5 (right/left)

L5-S1 (right/left)

Other, specify

Yes/No

Yes/No

Start/stop (time)

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated

Not evaluated
Not evaluated
Not evaluated
1-5

Not evaluated
Not evaluated

Midline preserving decompression (yes/no)

Unilateral (Yes/No)

Crossover (“over the top”) (Yes/No)

Bilateral laminotomy (Yes/No)
Laminectomy (Yes/No)
Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Not evaluated

Posterior midline, lateral (Wiltze), anterior

Fusion (Yes/No)

Not evaluated
L2-3 (right/left)
L3-4 (right/left)
L4-5 (right/left)
L5-S1 (right/left)
Other, specify
Not evaluated
Not evaluated

Not evaluated
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Table 6 (continued)

Variable

NORspine question/alternative(s)

Recorded from EPRs

Perioperative complications Dural tear/CSF leakage
Nerve root damage
Operated wrong level/side

Malpositioned implant

Bleeding (necessitating transfusion)

Respiratory complications
Cardiovascular complications
Anaphylactic reaction

Other, specify
Surgical code
Length of stay Number of days

Death, in hospital Cause of death

NOMESCO classification of Surg Proc

Dural tear/CSF leakage

Nerve root damage

Operated wrong level/side
Malpositioned implant

Bleeding (necessitating transfusion)
Respiratory complications
Cardiovascular complications
Anaphylactic reaction

Other, specify
Not evaluated
Not evaluated

Not evaluated

Table 7 Completeness of NORspine compared to electronic patient
records (EPR) for 474 patients operated for spinal stenosis

Variable Missing data in Missing data in
NORspine, n (%) EPR review, n (%)

Age None None

Sex None None

BMI 9 (1.9%) 20 (4.2%)
Smoking 5(1.1%) 39 (8.2%)
Comorbidity, any 29 (6.1%) 10 (2.1%)
Previous surgery, any 3 (0.6%) 11 (2.3%)
Access, posterior midline 12 (2.5%) 13 (2.7%)
Level L2-3 None 14 (3.0%)
Level L3-4 None 13 2.7%)
Level L4-5 None 13 2.7%)
Level L5-S None 13 (2.7%)
Number of levels operated None 13 (2.7%)
Type of surgery None 15 (3.2%)
Perioperative complica- None* 11 (2.3%)

tions

Total (n=6,636)%** 58 of 6,636 (0.9%) 185 of 6,636 (2.8%)

*Perioperative complications were registered as either “yes” or “no”;
there were no missing data regarding complications in NORspine, but
NORspine underreported complications compared to EPR

**The total number is number of variables (14) multiplied with num-
ber of patients (474)
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