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Scientific summary
Background
Routinely collected NHS clinical data and national registries offer new opportunities for the comparative
assessment of health technologies in actual practice conditions. This is particularly interesting for elderly
and complex patients with multiple comorbidities, who are excluded from many randomised controlled
trials. Surgical randomised controlled trials are particularly challenging owing to ethics difficulties, scarce
surgeon equipoise and the need for specialised and experienced treatment centres and teams.
Two procedures for knee arthroplasty that are offered in the NHS (unicompartmental and total
knee replacement) were compared in a National Institute for Health Research Health Technology
Assessment programme-funded surgical randomised controlled trial [08/14/08; Total or Partial Knee
Arthroplasty Trial (TOPKAT)]. Although TOPKAT offered top-quality information on the comparative
effects of these surgeries for relatively healthy (American Society of Anesthesiologists grade of 1 or 2)
patients, data from the National Joint Registry suggest that almost one in six patients undergoing
unicompartmental or total knee replacement surgery in the UK have an American Society of
Anesthesiologists grade of ≥ 3. The TOPKAT findings are, thus, hard to interpret for a substantial
proportion of NHS patients.
Routinely collected data contain information on, potentially, all NHS patients, regardless of their
medical history. These data sets offer an opportunity for research that includes elderly and multimorbid
participants. However, the lack of random allocation of treatments in such databases does pose
challenges, including confounding by indication. If confounding is not accounted for and minimised,
it can lead to bias.

Objectives
In stage 1 of the Unicompartmental (vs. Total) knee replacement for patients with Multimorbidity
Study (UTMoSt), we assessed whether or not the available analytical methods could obtain comparable
findings to those from TOPKAT, using participants in the National Joint Registry who would have been
eligible for TOPKAT (American Society of Anesthesiologists grade of 1 or 2). The proposed propensity
score and instrumental variable methods were each applied to the data set. Those offering results
comparable to TOPKAT were deemed valid and were used in stage 2.
In stage 2 of UTMoSt, the validated methods from stage 1 were used to compare the benefits
(postoperative patient-reported outcome measures), risks (revision, complications and mortality),
hospital costs and cost-effectiveness of unicompartmental and total knee replacement among National
Joint Registry participants who would not have been eligible for TOPKAT (American Society of
Anesthesiologists grade of ≥ 3).

Methods
For data sources, National Joint Registry participants undergoing total or unicompartmental knee
replacement with linked, routinely collected data from the NHS hospital inpatient records were
included in safety analyses. Those with linked patient-reported outcome measure data were included in
the primary outcome analyses.
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The participants in stage 1 were total and unicompartmental knee replacement recipients recorded in
the National Joint Registry with linked data who would have been eligible for TOPKAT. In stage 2,
participants were recruited who had an American Society of Anesthesiologists grade of 3 or 4,
indicating severe systemic comorbidities that would have excluded them from TOPKAT. The
comparison was unicompartmental versus total knee replacement.
The primary outcome was postoperative Oxford Knee Score (patient-reported outcome measure).
The secondary outcomes were safety outcomes, including 90-day risks of venous thromboembolism,
myocardial infarction and prosthetic joint infection (stage 2 only), and 5-year risks of revision and
mortality. The health economic analysis outcomes were health-related quality of life (EuroQol-5
Dimensions) and NHS hospital costs (stage 2 only).

Statistics
In stage 1, four propensity score-based approaches and inverse probability weighting were used to
account for measured confounding: (1) propensity score matching (1 : 5), (2) stratification based on the
distribution of the propensity score in the whole cohort, (3) stratification based on the unicompartmental
knee replacement cohort and (4) propensity score adjustment (linear and non-linear models). For each
outcome, a logistic regression model was used to calculate the propensity score for unicompartmental
knee replacement using patient-level characteristics, including demographics, preoperative patientreported outcome measures, comorbidities and procedures recorded within the 3 years before surgery.
Missing body mass index data and preoperative patient-reported outcome measures were imputed
using multiple imputation by chained equations. Covariate balance was assessed using absolute
standardised mean difference, with a predefined cut-off point of 0.1.
We also explored four potential instrumental variables: surgeon preference, hospital preference,
geographical location and calendar time. When certain assumptions are fulfilled, instrumental variable
analyses can account for measured and unmeasured confounders. Key instrumental variable assumptions
were checked with F-statistics, odds ratios (strength of the instrument) and absolute standardised mean
differences (lack of an association between the instrument and the confounders).
We compared the results obtained for each method with the TOPKAT findings using the TOPKAT
outcome analysis methods: multilevel linear regression for postoperative Oxford Knee Score and a
multilevel Poisson model for 5-year revision or death. Two-stage analyses were used for instrumental
variables. We predefined three criteria by which an analytical method would be considered unable to
replicate the TOPKAT findings and, therefore, be invalid for stage 2: chi-squared test p-value < 0.05, a
relatively large tau2 or an I2 > 40%. We also used two newly proposed methods to assess the methods’
validity: whether or not the obtained treatment effect estimates fall within the trial's 95% confidence
interval and statistical significance agreement. We performed sensitivity analyses on the valid methods,
including restricting the analysis to surgeries performed by lead surgeons with ≥ 10, ≥ 30 and ≥ 50
index surgeries in the previous year.
In stage 2, for each valid method and each outcome, patient-level characteristics overall and for
unicompartmental knee replacement patients were compared using absolute standardised mean
difference with a cut-off point of 0.1. Differences in postoperative Oxford Knee Score between
unicompartmental knee replacement patients and total knee replacement patients were estimated
using multilevel linear regression. For each of the 90-day postoperative complications, the relative
risk and 95% confidence interval were estimated using Poisson models with robust standard errors.
Cause-specific hazard models were fitted to estimate the risk of 5-year revision or mortality, censoring
patients when they had revision or mortality (a competing event). Prespecified interactions between
surgery types and sex, age or American Society of Anesthesiologists grade were assessed with a
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p-value of < 0.1. Long-term complications were also assessed when restricting the analysis to patients
operated on by experienced surgeons.
For the health economic evaluation, multilevel regression analyses were performed to estimate the
differences in costs and quality-adjusted life-years between unicompartmental knee replacement and
total knee replacement patients. The regression models for quality-adjusted life-years also included the
preoperative utility score as a covariate. The incremental cost-effectiveness ratio was calculated by
dividing the difference in costs by the difference in quality-adjusted life-years between unicompartmental
knee replacement and total knee replacement patients. The uncertainty surrounding the incremental
cost-effectiveness ratio was estimated using non-parametric bootstrapping with 1000 replications.

Results
In stage 1, 21,026 National Joint Registry participants undergoing unicompartmental knee replacement
and 273,530 participants undergoing total knee replacement would have been eligible for TOPKAT.
Of these participants, 1197 unicompartmental knee replacement and 125,834 total knee replacement
patients had postoperative Oxford Knee Score data and could be included in the Oxford Knee
Score analysis.
In the Oxford Knee Score analysis, inverse probability weighting and propensity score stratification
based on the whole cohort resulted in unresolved imbalances, whereas propensity score matching and
propensity score stratification based on the unicompartmental knee replacement cohort achieved good
balance. All of the propensity score-based methods resulted in an average treatment effect estimate
favouring unicompartmental knee replacement, but with at least 1 point less than the effect seen in the
trial, ranging from 0.10 (propensity score non-linear adjustment) to 0.76 (propensity score stratification
based on the unicompartmental knee replacement cohort), compared with 1.91 in TOPKAT.
Propensity score stratification based on the unicompartmental knee replacement cohort was the
preferred method (I2 = 35%, chi-squared test p = 0.21 and τ2 = 0.23), followed by inverse probability
weighting (I2 = 48%, chi-squared test p = 0.17 and τ2 = 0.43) and propensity score stratification based
on the whole cohort (I2 = 53%, chi-squared test p = 0.14 and τ2 = 0.48).
A surgeon-level eligibility criterion was then applied to mimic surgeon eligibility in TOPKAT, including
only participants operated on by surgeons who had performed ≥ 10 surgeries of the same type in the
previous year. The treatment estimates from all three methods moved closer to the TOPKAT findings,
with average treatment effects of 1.37 (95% confidence interval 0.54 to 2.20) for propensity score
stratification based on the unicompartmental knee replacement cohort, 1.37 (95% confidence interval
0.54 to 2.20) for propensity score stratification based on the whole cohort and 1.32 (95% confidence
interval 0.32 to 2.33) for inverse probability weighting, compared with 1.91 (95% confidence interval
0.20 to 3.62) in TOPKAT. All three methods had an I2 of 0% and small τ2, indicating that they were able
to replicate TOPKAT findings.
Only five of the potential instrumental variables passed both testable assumptions: the three lead
surgeon-based preference instruments (based on 20, 30 and 50 previous surgeries) and two of the
consultant surgeon-based preference instruments (based on 30 and 50 previous surgeries). The other
tested instrumental variables violated either one or both of the testable assumptions. The five selected
instrumental variables then all failed to produce a comparable treatment effect estimate with TOPKAT,
with a chi-squared test p-value < 0.001 and I2 > 90%. All of the instrumental variable analyses passed
the statistical significance agreement tests and showed a significant improvement in postoperative
Oxford Knee Score favouring unicompartmental knee replacement, as in TOPKAT.
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In stage 2, the comparative safety analyses included 57,682 total knee replacement patients and
2256 unicompartmental knee replacement patients. Of these patients, only 145 unicompartmental
knee replacement and 23,344 total knee replacement patients were included in the Oxford Knee Score
analysis. Propensity score stratification based on the unicompartmental knee replacement cohort
yielded excellent covariate balance both between and within strata. Propensity score stratification
based on the whole cohort had excellent average covariate balance between the 10 strata. Four
covariates remained imbalanced after inverse probability weighting. Propensity score stratification
based on the unicompartmental knee replacement cohort and on the whole cohort resulted in
statistically significant positive effects for unicompartmental knee replacement, with an estimated
mean postoperative Oxford Knee Score difference of 1.83 (95% confidence interval 0.10 to 3.56)
points and 1.82 (95% confidence interval 0.10 to 3.56) points in favour of unicompartmental knee
replacement, respectively, which is close to the effect seen in TOPKAT. Inverse probability weighting
analysis found an insignificant effect in postoperative Oxford Knee Score.
Unicompartmental knee replacement patients had a lower relative risk of developing venous
thromboembolism in the 90 days after surgery than total knee replacement patients, with relative risks
of 0.33 (95% confidence interval 0.15 to 0.74) based on propensity score stratification and 0.39 (95%
confidence interval 0.16 to 0.96) based on inverse probability weighting. No significant differences in
myocardial infarction or prosthetic joint infection risks were found between unicompartmental knee
replacement and total knee replacement patients. Unicompartmental knee replacement patients
experienced a higher risk of revision over 5 years than total knee replacement patients, with hazard
ratios of 2.70 (95% confidence interval 2.15 to 3.38) in propensity score stratification analyses and 2.60
(95% confidence interval 1.94 to 3.97) in inverse probability weighting. They also had reduced all-cause
mortality in propensity score stratification analyses, with a hazard ratio of 0.52 (95% confidence interval
0.36 to 0.74). However, this difference was attenuated when using inverse probability weighting.
American Society of Anesthesiologists grade and sex had significant interactions with total knee
replacement and unicompartmental knee replacement: women had a higher risk of revision than men,
and people with an American Society of Anesthesiologists grade of 4 had a much higher revision risk
than patients with an American Society of Anesthesiologists grade of 3, although statistical power was
a concern.
The crude mean cost of a primary knee replacement was £6246 (standard deviation £779) for
unicompartmental knee replacement patients and £6627 (standard deviation £1402) for total knee
replacement patients. The mean costs for complications were £3560 (standard deviation £6) for
unicompartmental knee replacement patients and £3986 (standard deviation £3853) for total
knee replacement patients. The mean differences in quality-adjusted life-years gained were 0.147
(95% confidence interval –0.507 to 0.803) and 0.330 (95% confidence interval –0.305 to 0.967)
in favour of unicompartmental knee replacement when using inverse probability weighting and
propensity score stratification, respectively. Unicompartmental knee replacement costs were £334
(95% confidence interval £306 to £362) and £359 (95% confidence interval £339 to £378) lower
than total knee replacement costs, using inverse probability weighting and propensity score
stratification, respectively.

Conclusions
Propensity score-based stratification and inverse probability weighting successfully replicated the
TOPKAT findings in the primary outcome (postoperative Oxford Knee Score) analyses, indicating that
these methods can be used to minimise confounding in observational studies on the comparative
effectiveness of implantable medical devices. Propensity score adjustment, propensity score matching
and instrumental variable methods led to results that departed from those observed in TOPKAT. More
research is required on the best use of analytical methods and design of observational post-marketing
research of medical devices.
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In stage 2, unicompartmental knee replacement had similar effectiveness for patients with
multimorbidity as for the healthier (stage 1 and TOPKAT) population. There was little or no clinically
relevant difference in postoperative Oxford Knee Score between unicompartmental knee replacement
and total knee replacement patients. A strongly protective effect against postoperative venous
thromboembolism for patients undergoing unicompartmental knee replacement was identified. In the
long term, unicompartmental knee replacement was associated with an almost threefold higher
revision risk than total knee replacement, but also with a reduction in all-cause mortality of almost
50%. Cost-effectiveness analyses showed that unicompartmental knee replacement dominated in
patients with substantial comorbidity (American Society of Anesthesiologists grade of ≥ 3), as it was
both more beneficial and less expensive than the alternative (total knee replacement) in this patient
subgroup. These findings should guide future clinical guidelines on knee replacement for patients with
severe multimorbidity.

Trial registration
This trial is registered as EUPAS17435.

Funding
This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 25, No. 66.
See the NIHR Journals Library website for further project information.
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