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We are concerned that the choice of analysis in this study biased the resultsin favor of finding a mortality
benefit to technol ogy-assisted instrumentation (when one may not actually exist).

Our concerns are three-fold:

1. Our foremost concern is that the study’ s model did not control for relevant hospital-level effects, thus
putting the findings at risk for omitted variable bias and confounding.

Omitted variable bias occurs when a statistical model |eaves out one or more relevant variables, causing
the model to misattribute the effect of the missing variables to those that were included. In this study, the
model does not include variables to account for hospital-level effects (hospital characteristics that are
known to influence outcomes like “quality of care,” case volume, geographic setting, as well as other
unobservable factors) (1). The omission of these important hospital-level effectsisvery likely to bias or
confound the relationship between the variables of interest (e.g., technology-assisted instrumentation and
mortality) because the hospital characteristics associated with quicker technology adoption are also likely
to be associated with superior outcomes (e.g., perioperative mortality).

The broader literature supports the validity of our concern: First, it iswell established that hospital s that
are quicker to adopt technology are fundamentally different from those that lag in adoption. Supporting
evidence comes from Skinner et al., a study that found that hospitals that are quicker to adopt technology
tend to be major teaching hospitals with higher patient volumes located in regions with higher average
income (2). Second, a plethora of studies have demonstrated significant unwanted variation in the quality
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of care delivered by hospitals, including variation in joint arthroplasty outcomes.(3) (Can't find Australia
specific datal) Putting these observations together, it is possible, if not likely, that arelatively small
number of high-volume hospitals have been performing the majority of the technology assisted surgeries:
If these high volume hospitals have superior outcomes for reasons unrelated to technology assisted
instrumentation (note: well established volume-outcomes relationships [4, 5]) the study may be
misattributing these “ hospital-level effects’ to the use of the technology, when in reality, the superior
outcomes are related to a host of other hospital-level factors like procedure volume, key processes of care,
etc. (6) If the above-described scenario istrue, the relationship between technology assisted
instrumentation and mortality would be biased toward finding a positive relationship, even if one does not
truly exist.

Admittedly, there is no perfect solution for this problem in the study at hand. Ideally, one would control
for hospital-level effects by adding indicator variables for hospitals within the model (in other words, one
would control for hospital-level fixed effects). The problem with this approach is that mortality after joint
replacement is arare outcome, and the model may not be able to accommodate the additional complexity:
Add too many variables and one ends up with other problems like overfitting. Nonetheless, modeling a
rare event does not obviate the need to consider these important hospital-level effects and risk of bias. The
authors should address this potential confounder at length. At a minimum, the authors should provide a
rudimentary analysis of how adopting and non-adopting hospitals compare across basic characteristics
such as teaching status, procedure volume, rural/urban setting, average income of the region, etc.
Moreover, the authors should walk back the claim that the study demonstrates a causal relationship, and
instead frame the finding as interesting and worthy of further study.

2. The study does not account for the nested-nature of its data— an omission known to inflate the number
of statistically significant associationsin amodel (increased risk of type-1 error).

Data collected in registry initiatives such as this are inherently hierarchical: Patients are said to be nested
or clustered within the hospitals that treat them. This multilevel data structure has implications for the
most appropriate statistical modeling. Models should account for hospital clustering because patients
within ahospital do not represent truly independent observations (7). Failure to account for the multilevel
nature of hierarchical data structure has been shown to dramatically increase the risk of type-l errors—in
other words, researchers draw the wrong conclusions because they will more frequently obtain statistically
significant results (even when the treatment effect is not present) (8). Thisisof particular concern when
treatments and interventions are at the hospital-level, asis the case when a hospital buys technology
assisted instrumentation for its surgeons to use.
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We suspect that the study, as designed, is at high risk for type-I error because it does not take the non-
independence of patient observations into account. Ideally, the study should use multilevel or hierarchical
models, a statistical technique that accounts for the nested nature of the data (9, 10). These more advanced
modeling techniques have been used across the social sciences and have been increasingly used in health
services research, including orthopaedics (11, 12). Admittedly, modeling rare events (like mortality after
joint replacement) with hierarchical models has its own challenges. Either way, the increased risk of type-
| error in the present analysis must be addressed within the manuscript since thisis yet a second reason to
doubt the validity of the study’s findings.

3. The study attempts to disentangle secular trends in perioperative mortality from those imparted by the
technology but fails to provide sufficient information and discussion about this critical component of the
analysis.

The authors conducted an observational study to evaluate the introduction of atechnology on outcomes.
An important limitation in using observational studiesis the need to control for background changesin
outcomes that occur over time (e.g., secular trends affecting outcomes that are unrelated to the intervention
of interest) (13). Thisiscriticaly important for this study because, as the authors are aware, thereis an
ongoing, worldwide temporal decline in mortality following total knee arthroplasty (14). Thistrend
started at least 20 years ago and closely overlaps the time frame of the study. Prior studies have
speculated that this long-term secular trend is related to improved patient selection and perioperative care.
As such, any observational study of ajoint arthroplasty intervention must account for this temporal trend,
or risk misattributing the improvements in mortality to the intervention as opposed to other factors driving
the temporal trend. The authors attempt to control for this secular trend by incorporating “procedure year”
into the model but fail to elaborate beyond saying that mortality declined over the study period. This
amount of information isinsufficient to judge the adequacy of their approach. At a minimum, the authors
need to report the observed time trend in mortality between 2003 and 2019 since thisis the foundation for
understanding how best to disentangle the impact of the technology from other drivers of perioperative
mortality rates over time. The issue also deserves comment in the discussion section given just how
important it is for the validity of the study’ s conclusions.

4. There appearsto bean error in Table 1.

Row 2, Column 2 indicates that for conventional instrumentation, deaths at 30 days was 0.57%; however,
based on the counts provided, 32 / 20,407 = 0.16% (not 0.57%). Could the authors clarify this?

Disclaimer: e-Letters represent the opinions of the individual authors and are not copy-edited or verified
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by JBJS.
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Article Author Response
2 February 2022

Article Author(s) to Letter Writer(s)

We thank Peter Schilling and Wayne Moschetto for their letter regarding our manuscript and provide a
response to their points below.

1. and 2. Regarding controlling for hospital level effects (either as a fixed or random effect), there were
275 hospitals contributing data to the analysis. The high number of hospitals and rarity of early mortality
meant that including each hospital in the analysis as arandom effect in a hierarchical model did not allow
model convergence. Previously, when accounting for hospital level variation, we have included hospital
sector (private versus public) as afixed effect as thisis where most of the between-hospital variation exists
(regarding such things as volume, care pathways and take-up of new technology). Including hospital sector
as afixed effect was not significant and did not alter the estimate for the main predictor (technology
assisted versus conventional instrumentation). Case volume per year at each hospital was shown to not be
significant and did not alter the estimate for the main predictor. We do not have other hospital
characteristics, such as measures of quality, available for analysis.

Regarding the need to “walk back” the claim that the association is causal, we only report the
“association” found but we offer that the findings “may be explained by” fat emboli, which we justify.

3. Regarding the secular changes in mortality, year of procedure was used to control for this. We have
published a more detailed analysis on the secular trends in mortality from the same registry, and this
reference was provided as reference 6 in the manuscript (Harris IA et a. Declining early mortality after
hip and knee arthroplasty. ANZ J Surg. 2020;90:119-22).

4. Regarding Table 11, the writers are correct that there isa mistake in row 2, column 2. The “0.57%"
should be “0.16%".
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Overall, we agree with the points raised by the writers. We do not think that hospital characteristics can
explain the difference found and that we have accounted for secular trends. Unfortunately, due to the data
available to us and the rarity of the outcome, not all these concerns can be answered, which iswhy we
agree with the writers that further research from different popul ations needs to be performed.
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