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ABSTRACT

Objectives This study aims to compare early mortality
after total knee arthroplasty (TKA) using conventional
intramedullary instrumentation to TKA performed using
technology-assisted (non-intramedullary) instrumentation.
Design Comparative observational study. Using data
from a large national registry, the 30-day mortality after
unilateral TKA performed for osteoarthritis was compared
between procedures using conventional instrumentation
and those using technology-assisted instrumentation. Firth
logistic regression was used to calculate ORs, adjusting for
age, sex, use of cement and procedure year for the whole
period, and additionally adjusting for American Society of
Anesthesiologists physical status classification system
class and body mass index (BMI) for the period 2015 to
2019. This analysis was repeated for 7-day and 90-day
mortality.

Setting National arthroplasty registry.

Participants People undergoing unilateral, elective TKA
for osteoarthritis from 2003 to 2019 inclusive.
Interventions TKA performed using conventional
intramedullary instrumentation or technology-assisted
instrumentation.

Main outcome measures 30-day mortality (primary), and
7-day and 90-day mortality.

Results A total of 581818 unilateral TKA procedures
performed for osteoarthritis were included, of which 602
(0.10%) died within 30 days of surgery. The OR of death
within 30 days following TKA performed with conventional
instrumentation compared with technology-assisted
instrumentation, adjusted for age, sex, cement use,
procedure year, American Society of Anesthesiologists
and BMI was 1.72 (95% Cl, 1.23 to 2.41, p=0.001). The
corresponding ORs for 7-day and 90-day mortality were
2.21 (96% Cl, 1.34 to 3.66, p=0.002) and 1.35 (95% Cl,
1.07 to 1.69, p=0.010), respectively.

Conclusions The use of conventional instrumentation
during TKA is associated with higher odds of early
postoperative death than when technology-assisted
instrumentation is used. This difference may be explained
by complications related to fat embolism secondary to
intramedullary rods used in conventional instrumentation.
Given the high number of TKA performed annually
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Use of national linked data.

= Large sample size.

= Adjustment for known likely confounders.

= Observational study design (possible unmeasured
confounders).

worldwide, increasing the use of technology-assisted
instrumentation may reduce early post-operative mortality.

INTRODUCTION

Total knee arthroplasty (TKA) is a common
procedure for severe osteoarthritis of the
knee, with an average annual rate of 135 per
100000 population in contributing Organiza-
tion for Economic Cooperation and Develop-
ment (OECD) countries and 226 per 100000
in Australia.' > Conventional instrumentation
for TKA surgery requires the insertion of a
long intramedullary rod into the femur (and
sometimes the tibia) which is then used as a
reference for alignment of the cutting blocks
applied to the bone for prosthesis prepa-
ration. This insertion creates fat and bone
marrow embolisation, as shown by transe-
sophageal echocardiography and analysed by
biopsy.” The embolic material may produce
fat embolism syndrome, which includes respi-
ratory, cardiac, haematological and neurolog-
ical complications and sudden death.*® Over
the last two decades, three new techniques
have been introduced that allow alignment
to be referenced without intramedullary
instrumentation. These technology-assisted
instrumentation techniques are computer
navigation, image-derived instrumentation
and robotic assistance. Although these tech-
niques were developed to improve postoper-
ative alignment, evidence for this is variable.
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Computer navigation has demonstrated improved align-
ment compared with standard instruments, however,
there is mixed evidence that revision rates or patient-
reported outcomes are superior using this technique.”™”
However, trials comparing any of these newer techniques
to conventional instrumentation were underpowered to
detect early mortality postoperatively, which has been
decreasing over time (possibly due to improvements
in operative and perioperative management) and is
currently approximately 0.1% at 30 days."*®

This study aims to compare the 30-day all-cause
mortality after TKA between procedures performed using
conventional intramedullary instrumentation to those
performed using technology-assisted instrumentation
using data from a large national registry.

METHODS

The Australian Orthopaedic Association National Joint
Replacement Registry (AOANJRR) is a national registry
with near complete (over 98%) coverage of TKA proce-
dures performed in Australia since 2003.> AOANJRR
data from January 2003 to December 2019 for patients
undergoing unilateral TKA for osteoarthritis were used.
Patients undergoing bilateral same-day primary TKA or
any primary TKA within 90 days of a contralateral primary
TKA were excluded. AOANJRR data include patient-
identified data and surgical variables, which includes the
use of assistive technology, and these data are linked to
the National Death Index twice yearly to record fact and
date of death. All data used in the analysis were available
in the AOANJRR from inception except the American
Society of Anesthesiologists (ASA) class'® (a measure of
comorbidity and mortality risk, available since 2012) and
body mass index (BMI, available since 2015).

The increased mortality associated with TKA is maximal
within 30 days but may extend to 90 days postsurgery.17 18
Therefore, 30-day mortality was chosen as the primary
outcome; 7-day and 90-day mortality were chosen as
secondary outcomes. Age, sex, use of bone cement, ASA
class and BMI were chosen as potential confounders due
to their known association with mortality. Procedure
year was added as a covariate due to the increase in the
proportion of cases using technology-assisted instrumen-
tation over time and, because 30-day mortality has been
decreasing over time."*

Technology-assisted surgery was defined as any
procedure using computer navigation, image derived
instrumentation (IDI) or robotic assistance. Computer
navigation involves the use of a tracking device, most
commonly an infrared camera and a computer. Rigid
reference arrays are attached to the patient and a regis-
tration process enables the software to determine the
patient’s anatomy and accurately track instruments to
assist surgery. The surgeon then makes the appropriate
bone cuts and monitors the alignment of the knee.
Robotic assistance uses similar principles, but a robotic

arm guides the cutting tools to facilitate the surgery.
Both these techniques allow intraoperative verification of
the component position. IDI is the use of individualised
custom-made 3D printed guides or cutting blocks derived
from preoperative CT or MRI scans of the patient’s knee.
These guides or blocks are used to perform the required
bone cuts and are specific to each patient’s anatomy.
Conventional instrumentation was defined as any proce-
dure not using any of the technology-assisted methods.
Cause of death was not used, as multiple causes are often
reported, it may be inconsistently reported,' and it is less
relevant than overall mortality.

Between-group differences in mortality were expressed
as odds ratios (ORs), calculated by logistic regression
adjusting for age, sex and procedure year. Due to low
numbers of deaths, Firth logistic regression (which uses
penalised likelihood) was used to avoid the small sample
bias inherent in regression using conventional maximum
likelihood estimation.”” Adjusted mortality was obtained
after direct standardisation of the crude cumulative
mortality data, by b-year age intervals and sex, to the Esti-
mated Resident Population Status, based on the 2001
census. Interaction terms were tested for each covariate
against instrumentation type.

A secondary analysis of mortality adjusted for age, sex,
procedure year, bone cement use, ASA and BMI was
performed in the subset of procedures performed since
2015 (when ASA and BMI data were available). Fully
adjusted analyses were repeated using 7-day and 90-day
mortality as the outcome measures.

A sensitivity analysis was performed by restricting the
population to patients who had only one primary TKA
recorded in the AOANJRR, which excluded all patients
with contralateral TKA.

As it was unlikely that patients died in another country
within 30 or 90 days of surgery without registration of
their death, an assumption of no missing data was made.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

= Technology Assisted
*==*Not Technology Assisted
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Figure 1 The use of technology-assisted instrumentation
over time for primary unilateral TKA. TKA, total knee
arthroplasty.
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Table 1 Demographic data and use of technology-assisted surgery in patients undergoing unilateral TKA
Technology-assisted surgery Conventional surgery Total

Mean age (SD) in years 68.5 (9.0) 69.1 (9.2) 69.0 (9.1)
Sex (proportion male) 43.3% 42.0% 42.4%
ASA class* (proportion)

1 5.6% 5.2% 5.4%

2 53.8% 54.5% 54.2%

3 39.4% 39.1% 39.3%

4 1.2% 1.2% 1.2%

5) 0.0% 0.0% 0.0%
Mean BMIt (SD) 32.0 (14.2) 32.3 (17.1) 32.2 (15.8)
Procedures 170496 411322 581818

*ASA class was available for 293624 procedures.
TBMI was available for 213259 procedures.

ASA, American Society of Anesthesiologists; BMI, body mass index; TKA, total knee arthroplasty.

RESULTS

Actotal of 581 818 unilateral TKA procedures were included
from 1 January 2003 to 31 December 2019. The increasing
use of technology-assisted instrumentation over time is
shown in figure 1, and descriptive data of patient demo-
graphics and the use of technology-assisted surgery is
provided in table 1. Procedures using technology-assisted
surgery comprised 129179 computer navigation, 34898
image-derived instrumentation, 7288 robotic assisted and
869 using a combination of technologies.

The distribution of deaths between groups for 30-day,
and 7-day and 90-day postsurgical periods are provided
in tables 2 and 3, respectively. The OR of death within
30 days for TKA performed with conventional instrumen-
tation compared with technology-assisted instrumenta-
tion, adjusted for age, sex, cement use and procedure
year was 1.48 (95% CI, 1.19 to 1.85, p<0.001). For the
subset of 212937 procedures where ASA and BMI data
were available, the OR adjusted for age, sex, procedure
year, cement use, ASA and BMI was 1.72 (95% CI, 1.23 to
2.41, p=0.001). The corresponding (fully adjusted) ORs
for 7-day and 90-day mortality were 2.27 (95% CI, 1.33 to
8.74, p=0.002) and 1.35 (95% CI, 1.07 to 1.69, p=0.010),
respectively. The models for the fully adjusted analyses
are shown in table 4. Two-way interaction terms between
age, sex, BMI, ASA class, cement use and procedure year
and use of technology-assisted instrumentation were
tested and found to be not significant.

The sensitivity analysis restricted to patients who
had only one unilateral TKA recorded showed similar
significant differences between technology assisted and
conventional instrumentation, although the overall (and
standardised) mortality was higher in this group (analyses
not shown).

DISCUSSION

Statement of principal findings

The use of conventional instrumentation during unilat-
eral TKA was associated with a significantly higher 30-day
mortality when compared with technology-assisted instru-
mentation, allowing for differences in age, sex, cement
use, ASA class, BMI and year of procedure.

Strengths and weaknesses of the study

A strength of this study is the use of national data and
the large sample size. Furthermore, adjusting for patient-
level factors and procedure year, has accounted for differ-
ences in patient selection, improvements in perioperative
managementand the increasing use of technology-assisted
instrumentation over time.

This study is limited by the possibility that the asso-
ciations may be subject to residual confounding from
unknown variables. Randomised trials to answer this ques-
tion may not be feasible due to the very large sample size
required due to the small event rate. Surgical times are

Table 2 30-day mortality following unilateral TKA for osteoarthritis

Group Patients (n) Deaths (n) Deaths (%) Standardised mortality
Conventional instrumentation 411322 495 0.120 0.036
Technology-assisted instrumentation 170496 107 0.063 0.018
Total 581818 602 0.108 0.031

TKA, total knee arthroplasty.
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Table 3 7-day and 90-day mortality following unilateral TKA for osteoarthritis

Group Patients (n) 7-day mortality

90-day mortality

Standardised Standardised

Deaths (n) Deaths (%) mortality Deaths (n) Deaths (%) mortality
Conventional 411322 214 0.052 0.015 919 0.233 0.074
instrumentation
Technology-assisted 170496 38 0.022 0.005 240 0.141 0.043
instrumentation
Total 581818 252 0.043 0.012 1159 0.199 0.065

TKA, total knee arthroplasty.

reported to be slightly longer when technology-assisted
methods are used,” but this would not be expected to be
associated with a reduction in mortality.

Strengths and weaknesses in relation to other studies

The relative mortality of conventional and technology-
assisted instrumentation in TKA has not been previously
reported.

Meaning of the study: possible explanations and implications
for clinicians and policymakers

The difference in mortality based on the use of technology-
assisted instrumentation has been recently reported (with
stronger effect) for bilateral TKA* and may be related
to the insertion of an intramedullary rod into the femur

(and in some cases, the tibia) during conventional instru-
mentation and the resulting fat embolism. Initial studies
using non-invasive intraoperative ultrasound have demon-
strated that there are less emboli with computer navigation
compared with conventional instrumentation, although
these studies were small.?® % However, later studies with
larger study populations have shown that while avoiding
intramedullary instrumentation does not significantly
reduce the incidence of fat embolisation during TKA,* *°
it may reduce the embolic load.?” Cerebral fat embolism
has also been reported after standard TKA,**® but there is
a lack of studies comparing technology-assisted and stan-
dard instrumented TKA. Alternatively, fat emboli may
arise from other parts of the surgery such as impaction

Table 4 Full regression model for mortality using data from 2015 to 2019, inclusive

30-day mortality 7-day mortality 90-day mortality
Variable OR (95% CI) P value OR (95% Cl) P value OR (95% Cl) P value
Conventional 1.72 (1.23 to0 2.43) 0.001 2.21 (1.34 to 3.66) 0.002 1.35 (1.07 to 1.69) 0.01
vs technology
assisted
ASA class (ref=1)
2 2.14 (0.43t0 10.66), <0.001 1.10 (0.22 to 5.47) 0.91 1.52 (0.59 to 3.91) 0.001
8 4.68 (0.94 to 23.25) 0.07 1.89 (0.38 to 9.38) 0.44 3.33 (1.30 to 8.53) 0.08
4 16.62 (3.04 t0 90.78) 0.19 4.23 (0.64 to 27.99) 0.07 12.07 (4.37 t0 33.38) 0.07
5 419.4 (11.78 to 14934) 0.003 451.5 (13.69 to 14894) <0.001 141.8 (5.11 t0 3935) 0.02
Age (per year) 1.08 (1.06 to 1.10) <0.001 1.08 (1.05to0 1.17) 0.01 1.08 (1.07 to 1.10) 0.01
BMI (ref=normal)
Underweight 0.96 (0.56 to 1.64) 0.80 3.25 (0.20 to 53.22) 0.09 5.87 (2.38 to 14.51)  <0.001
Overweight 0.95 (0.51 to 1.77) 0.79 1.06 (0.47 to 2.37) 0.89 0.99 (0.69 to 1.42) 0.02
Obeseclass1  1.25(0.63 to 2.48) 0.55 1.23 (0.54 to 2.81) 0.62 0.88 (0.61 to 1.29) 0.002
Obeseclass2  0.93 (0.55 to 1.56) 0.70 1.25 (0.49 to 3.19) 0.65 0.89 (0.57 to 1.38) 0.01
Obese class 3  1.12 (0.07 to 18.12) 0.94 2.50 (0.95 to 6.57) 0.06 1.06 (0.65 to 1.75) 0.26
Procedure year 1.06 (0.94 to 1.18) 0.35 0.97 (0.83 to 1.14) 0.73 1.02 (0.95t0 1.11) 0.57
(per year)
Female (vs male) 0.63 (0.46 to 0.87) 0.004 0.52 (0.33 to 0.83) 0.005 0.62 (0.50 to 0.78) <0.001
No cement 1.89 (1.15 to 3.09) <0.001 1.84 (0.92 to 3.67) 0.09 1.35 (0.91 to 2.00) 0.14

(vs cement)

ASA, American Society of Anesthesiologists; BMI, body mass index.
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of the femoral and tibial implants, but this is unlikely to
differ between technology-assisted and conventionally
instrumented TKA.*?’

The higher 30-day mortality associated with cementless
fixation may also be related to fat emboli due to potential
higher impaction forces used in cementless fixation. This
association has not previously been reported, however a
recent study from the Dutch arthroplasty register showed
that the OR for 30-day mortality in cementless fixation
compared with cemented fixation was 1.46 (95% CI, 0.74
to 2.90). This difference was not statistically significant
but used a smaller sample than that used in the current
study.”

Stein et al examined over 900 million patients using
data from the US National Hospital Discharge Survey
from 1979 to 2005 and reported 41 000 patients (0.004%)
with fat embolism syndrome.” They stated that the inci-
dence of fat embolism with lower limb joint replacement
was too low to calculate accurately. However, it is possible
that cases of sudden death associated with surgery were
not diagnosed as fat embolism syndrome.**'

Another possible cause for the observed difference
in mortality is perioperative blood loss. Although blood
loss was not measured in this study, previous research
has shown surgical blood loss is lower with technology-
assisted knee surgery.32 ** This factor may affect mortality
directly or by reducing the need for blood transfusion.

Although the ORs for the associations were lower for
90-day mortality, the 90-day mortality is higher, such that
the difference likely relates to a similar risk difference.
The higher OR for 7-day compared with 30-day mortality,
and 30-day compared with 90-day mortality suggests that
the largest difference in mortality occurs in the early post-
operative period. Mortality after TKA has fallen over the
last few decades and the current 30-day mortality after
TKA is approximately 0.1%."* ' Given the low event rate
for death post-TKA, the ORs found in this analysis can
be approximated as risk ratios. This suggests that the use
of conventional instrumentation is associated with a 72%
increase in 30-day mortality after TKA when compared
with assistive technology use. It is estimated that approx-
imately one million TKA are performed in the USA
annually with that rate expected to rise significantly up
to 2050.”* * Globally, assuming over two million cases
are performed annually,” if the difference in mortality is
due to the use of conventional instrumentation, the use
of technology-assisted instrumentation would result in
approximately 1000 fewer deaths per year, depending on
the current rate of technology-assisted instrumentation.

Unanswered questions and future research

This study should be replicated using large data sets and
joint registries from other regions that collect data on
technology-assisted TKA. If verified, this finding has a
major implication for the conduct of TKA surgery world-
wide. While there is little clinical disadvantage to using
technology-assisted surgery, there is an increased cost.

Future research may determine the cost effectiveness of
using technology-assisted instrumentation.

Author affiliations

'School of Clinical Medicine, UNSW Medicine and Health, UNSW Sydney, Liverpool,
New South Wales, Australia

A\Whitlam Orthopaedic Research Centre, Ingham Institute for Applied Medical
Research, Liverpool, New South Wales, Australia

3Insight Private Hospital, Albury, New South Wales, Australia

“Australian Orthopaedic Association National Joint Replacement Registry, South
Australian Health and Medical Research Institute, Adelaide, South Australia,
Australia

SAustralian Orthopaedic Association National Joint Replacement Registry, Adelaide,
South Australia, Australia

®Department of Surgery, Epworth HealthCare, RICHMOND, Victoria, Australia

Contributors IAH contributed to study concept, design, analysis, interpretation
and drafted the manuscript and is guarantor of the study. IAH, DPK, YP, PLL,

RSdS and SEG have approved the final version of the manuscript and agree to be
accountable for the work. DPK contributed to concept, interpretation and revising
the manuscript. YP conducted the statistical analysis and revised the manuscript.
PLL and RSdS contributed to study design, interpretation and manuscript revision.
SEG contributed to study design, interpretation and manuscript revision.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This study involves human participants. The AOANJRR is
approved by the Commonwealth of Australia as a federal quality assurance activity
(QAA 3/2017) under Part VC of the Health Insurance Act, 1973. All AOANJRR studies
are conducted in accordance with ethical principles of research (the Helsinki
Declaration Il). Consent waiver applies to the registry from which data were
obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data are
held by the Australian Orthopaedic Association National Joint Replacement Registry
and are available on request subject to conditions. External access to and use of
deidentified AOANJRR data must be in accordance with AOANJRR policies (Ref No
POL.S3.3, S3.4, S3.5) available on the registry website: https://acanjrr.sahmri.com/
policies. Requests for data use can be made by contacting the AOANJRR Manager:
Telephone +61 8128 4284, Email cturner@aoanjrr.org.au.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
lan A Harris http://orcid.org/0000-0003-0887-7627

REFERENCES

1 OECD. Health at a Glance 2019; 2019.

2 Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR). Hip, Knee & Shoulder Arthroplasty: 2020
Annual Report, Adelaide; AOA, 2020: 1-474.

3 LuK, Xu M, Li W, et al. A study on dynamic monitoring, components,
and risk factors of embolism during total knee arthroplasty. Medicine
2017;96:e9303.

4 Jenkins K, Chung F, Wennberg R, et al. Fat embolism syndrome and
elective knee arthroplasty. Can J Anaesth 2002;49:19-24.

5 Parisi DM, Koval K, Egol K. Fat embolism syndrome. Am J Orthop
2002;31:507-12.

6 Saad RA, Fahmy AA, Ahmed MH. Fatal fat embolism complicating
cemented total knee replacement: another manifestation of the
metabolic syndrome? Arch Orthop Trauma Surg 2007;127:387-9.

Harris IA, et al. BMJ Open 2022;12:€055859. doi:10.1136/bmjopen-2021-055859


https://aoanjrr.sahmri.com/policies
https://aoanjrr.sahmri.com/policies
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0887-7627
http://dx.doi.org/10.1097/MD.0000000000009303
http://dx.doi.org/10.1007/BF03020414
http://www.ncbi.nlm.nih.gov/pubmed/12650535
http://dx.doi.org/10.1007/s00402-006-0268-5

7

10

Tang Q, Shang P, Zheng G, et al. Extramedullary versus
intramedullary femoral alignment technique in total knee arthroplasty:
a meta-analysis of randomized controlled trials. J Orthop Surg Res
2017;12:82.

Kizaki K, Shanmugaraj A, Yamashita F, et al. Total knee arthroplasty
using patient-specific instrumentation for osteoarthritis of the knee: a
meta-analysis. BMC Musculoskelet Disord 2019;20:561.

Huijbregts HITAM, Khan RJK, Fick DP, et al. Component alignment
and clinical outcome following total knee arthroplasty: a randomised
controlled trial comparing an intramedullary alignment system with
patient-specific instrumentation. Bone Joint J 2016;98-B:1043-9.
Singisetti K, Muthumayandi K, Abual-Rub Z, et al. Navigation-
Assisted versus conventional total knee replacement: no difference in
patient-reported outcome measures (PROMs) at 1 and 2 years. Arch
Orthop Trauma Surg 2015;135:1595-601.

22

23

24

25

review and meta-analysis of radiographic and clinical outcomes.
Orthop Surg 2019;11:985-93.

Kirwan DP, B Imis YP, Harris IA. Increased early mortality in bilateral
simultaneous TKA using conventional instrumentation compared
with technology-assisted surgery: a study of 34,908 procedures
from a national registry. J Bone Joint Surg Am 2021. doi:10.2106/
JBJS.21.00029. [Epub ahead of print: 21 Sep 2021].

Church JS, Scadden JE, Gupta RR, et al. Embolic phenomena during
computer-assisted and conventional total knee replacement. J Bone
Joint Surg Br 2007;89-B:481-5.

Kalairajah Y, Cossey AJ, Verrall GM. Are systemic emboli reduced

in computer-assisted knee surgery?: a prospective, randomised,
clinical trial. J Bone Joint Surg 2006;88:198-202.

O'Connor MI, Brodersen MP, Feinglass NG, et al. Fat emboli in total
knee arthroplasty: a prospective randomized study of computer-

11 Zamora LA, Humphreys KJ, Watt AM, et al. Systematic review assisted navigation vs standard surgical technique. J Arthroplasty
of computer-navigated total knee arthroplasty. ANZ J Surg 2010;25:1034-40.
2013;83:22-30. 26 Kim Y-H, Kim J-S, Hong K-S, et al. Prevalence of fat embolism

12 Lei K, Liu L, Chen X, et al. Navigation and robotics improved after total knee arthroplasty performed with or without computer
alignment compared with psi and conventional instrument, while navigation. J Bone Joint Surg Am 2008;90:123-8.
clinical outcomes were similar in TKA: a network meta-analysis. Knee 27 Walker P, Bali K, Van der Wall H, et al. Evaluation of echogenic emboli
Surg Sports Traumatol Arthrosc 2022;30:721-733. (online ahead of during total knee arthroplasty using transthoracic echocardiography.
print). Knee Surg Sports Traumatol Arthrosc 2012;20:2480-6.

13 de Steiger RN, Liu Y-L, Graves SE. Computer navigation for total 28 Figueroa D, Figueroa F, Calvo Mena R, et al. Cerebral and pulmonary
knee arthroplasty reduces revision rate for patients less than sixty- fat embolism after unilateral total knee arthroplasty. Arthroplasty
five years of age. J Bone Joint Surg 2015;97:635-42. Today 2019;5:431-4.

14 Harris IA, Hatton A, de Steiger R, et al. Declining early mortality after 29 Quispel CR, van Egmond JC, Bruin MM, et al. No effect of fixation
hip and knee arthroplasty. ANZ J Surg 2020;90:119-22. type on early and late mortality after total knee arthroplasty: a Dutch

15 Jergensen CC, Kehlet H, Lundbeck Foundation Centre for Fast-track arthroplasty register study. Knee Surg Sports Traumatol Arthrosc
Hip and Knee Replacement Collaborative group. Time course and 2022;30:1231-1238. (online ahead of print).
reasons for 90-day mortality in fast-track hip and knee arthroplasty. 30 Stein PD, Yaekoub AY, Matta F, et al. Fat embolism syndrome. Am J
Acta Anaesthesiol Scand 2017;61:436-44. Med Sci 2008;336:472-7.

16 ASA Physical Status Classification System. American Society of 31 Miller P, Prahlow JA. Autopsy diagnosis of fat embolism syndrome.
Anesthesiologists., Accessed 13 July 2021. Available: https:// Am J Forensic Med Pathol 2011;32:291-9.
www.asahg.org/standards-and-guidelines/asa-physical-status- 32 Chauhan SK, Scott RG, Breidahl W, et al. Computer-Assisted
classification-system knee arthroplasty versus a conventional jig-based technique. A

17 Lie SA, Pratt N, Ryan P, et al. Duration of the increase in early randomised, prospective trial. J Bone Joint Surg Br 2004;86:372-7.
postoperative mortality after elective hip and knee replacement. 33 Kalairajah Y, Simpson D, Cossey AJ, et al. Blood loss after total knee
J Bone Joint Surg Am 2010;92:58-63. replacement: effects of computer-assisted surgery. J Bone Joint Surg

18 Parry MC, Smith AJ, Blom AW. Early death following primary total Br 2005;87:1480-2.
knee arthroplasty. J Bone Joint Surg Am 2011;93:948-53. 34 Inacio MCS, Paxton EW, Graves SE, et al. Projected increase in total

19 Smith Sehdev AE, Hutchins GM. Problems with proper completion knee arthroplasty in the United States — an alternative projection
and accuracy of the cause-of-death statement. Arch Intern Med model. Osteoarthritis and Cartilage 2017;25:1797-803.
2001;161:277-84. 35 Singh JA, Yu S, Chen L, et al. Rates of total joint replacement in the

20 Firth D. Bias reduction of maximum likelihood estimates. Biometrika United States: future projections to 2020-2040 using the National
1993;80:27-38. inpatient sample. J Rheumatol 2019;46:1134-40.

21 J-T L, Gao X, Li X. Comparison of iASSIST navigation system with 36 Kurtz SM, Ong KL, Lau E, et al. International survey of primary and
conventional techniques in total knee arthroplasty: a systematic revision total knee replacement. Int Orthop 2011;35:1783-9.

6 Harris IA, et al. BMJ Open 2022;12:€055859. doi:10.1136/bmjopen-2021-055859


http://dx.doi.org/10.1186/s13018-017-0582-3
http://dx.doi.org/10.1186/s12891-019-2940-2
http://dx.doi.org/10.1302/0301-620X.98B8.37240
http://dx.doi.org/10.1007/s00402-015-2314-7
http://dx.doi.org/10.1007/s00402-015-2314-7
http://dx.doi.org/10.1111/j.1445-2197.2012.06255.x
http://dx.doi.org/10.1007/s00167-021-06436-8
http://dx.doi.org/10.1007/s00167-021-06436-8
http://dx.doi.org/10.2106/JBJS.M.01496
http://dx.doi.org/10.1111/ans.15529
http://dx.doi.org/10.1111/aas.12860
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
http://dx.doi.org/10.2106/JBJS.H.01882
http://dx.doi.org/10.2106/JBJS.J.00425
http://dx.doi.org/10.1001/archinte.161.2.277
http://dx.doi.org/10.1093/biomet/80.1.27
http://dx.doi.org/10.1111/os.12550
http://dx.doi.org/10.2106/JBJS.21.00029
http://dx.doi.org/10.1302/0301-620X.89B4.18470
http://dx.doi.org/10.1302/0301-620X.89B4.18470
http://dx.doi.org/10.1302/0301-620X.88B2.16906
http://dx.doi.org/10.1016/j.arth.2009.08.004
http://dx.doi.org/10.2106/JBJS.G.00176
http://dx.doi.org/10.1007/s00167-012-1927-4
http://dx.doi.org/10.1016/j.artd.2019.09.004
http://dx.doi.org/10.1016/j.artd.2019.09.004
http://dx.doi.org/10.1007/s00167-021-06552-5
http://dx.doi.org/10.1097/MAJ.0b013e318172f5d2
http://dx.doi.org/10.1097/MAJ.0b013e318172f5d2
http://dx.doi.org/10.1097/PAF.0b013e31822a6428
http://dx.doi.org/10.1302/0301-620x.86b3.14643
http://dx.doi.org/10.1302/0301-620X.87B11.16474
http://dx.doi.org/10.1302/0301-620X.87B11.16474
http://dx.doi.org/10.1016/j.joca.2017.07.022
http://dx.doi.org/10.3899/jrheum.170990
http://dx.doi.org/10.1007/s00264-011-1235-5

	Increased early mortality after total knee arthroplasty using conventional instrumentation compared with technology-­assisted surgery: an analysis of linked national registry data
	ABSTRACT
	Introduction﻿﻿
	Methods
	Patient and public involvement

	Results
	Discussion
	Statement of principal findings
	Strengths and weaknesses of the study
	Strengths and weaknesses in relation to other studies
	Meaning of the study: possible explanations and implications for clinicians and policymakers
	Unanswered questions and future research

	References


