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Abstract

Purpose The benefits of simultaneous bilateral total knee arthroplasty (SBTKR) include reduced hospital costs, single
anaesthetic exposure and in many cases is also the patient’s preference. Despite these potential benefits, risk-adversity with
respect to assumed complications and mortality make it difficult for the orthopaedic surgeon and patient to make an informed
decision. This study aimed to address the inconsistencies and lack of consensus in previous literature regarding the short-
term complications and clinical safety of SBTKR in patients with end-stage knee osteoarthritis (OA).

Methods A cohort of 950 knees (475 patients) undergoing surgery between 2008 and 2013 was extracted from a prospectively
collected clinical database and retrospectively linked to the Australian Joint Replacement Registry and hospital records.
Patients underwent sequential SBTKR by their treating surgeon under one anaesthetic. Basic demographic data and outcome
data including complications and mortality were collected. All data were analyzed using descriptive statistics only.

Results A total of 413 patients and 826 knees were included. The average age of the cohort was 70 years with range between
46 and 88 years. 50% of patients were female. The overall mortality rate during the study follow-up period was 1.9%, with
an average time to death postoperatively of 23.8 months. There were no cases of acute postoperative mortality (< 6 weeks).
Medical complication rates were low.

Conclusions In contrast to the higher mortality and complication rates suggested in previous literature, this study has dem-
onstrated that SBTKR is safe, with low mortality and complication rates under the current surgical protocol.

Level of Evidence IV.
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Abbreviations PE Pulmonary embolism

OA Osteoarthritis MI Myocardial infarction

TKR Total knee replacement CVA Cerebrovascular accident

SBTKR Simultaneous bilateral total knee replacement CI Confidence intervals

NSLHD Northern Sydney Local Health District OR Odds ratio

HREC Human research ethics committee UTKR Unilateral total knee replacement

HDU High-dependency unit StBTKR  Staged bilateral total knee replacement.

AIHW Australian institute of Health and Welfare
DVT Deep vein thrombosis
Introduction

Investigation performed at the Sydney Orthopaedic Research End-stage knee osteoarthritis (OA) is a common clinical
Institute, Sydney, Australia. presentation, particularly in older patients, and once non-
54 Eugene Wong surgical measures have become ineffective and surgery is
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(TKR). For patients requiring bilateral TKR the options
are to either do this as a staged procedure (StBTKR), or
to do both TKR under the same anaesthetic as a simulta-
neous procedure (SBTKR). SBTKR involves one surgical
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event under one anaesthetic, while staged procedures require
two operations under two separate anesthetics, separated
by a variable time interval depending on the preference of
the patient and treating surgeon. The potential benefits of
SBTKR include reduced hospital stay and costs, a single
anaesthetic exposure, decreased overall rehabilitation time,
and in some cases patient preference [6, 18, 23, 24, 28, 35,
41, 47].

There have traditionally been concerns amongst orthopae-
dic surgeons regarding the safety of SBTKR, usually leading
to a reluctance to offer this procedure to patients. The litera-
ture examining the safety of SBTKR contains conflicting
findings, making it difficult to obtain clear guidelines. Some
studies have demonstrated that staged procedures are safer
and produce better outcomes than SBTKR [21, 52], while
others have described an increased risk of mortality [19, 34,
55] and serious complications including deep vein thrombo-
sis, pulmonary embolism, and cardiovascular events associ-
ated with SBTKR [9, 26, 29, 36]. Other studies, however,
have failed to detect any significant difference in mortal-
ity or the above complications between the two approaches
[12, 16, 19, 29, 31, 32, 38, 42, 48], while in other studies,
SBTKR demonstrated fewer complications than staged pro-
cedures [17, 46]. Despite the potential benefits of SBTKR,
risk aversion with respect to associated mortality and mor-
bidity has restricted its clinical application in some centres.
However, the variable results for mortality and morbidity in
these studies may be outweighed by the benefits of reduced
costs and convalescent time, with equivalent functional out-
comes [13, 27, 53].

The lack of consensus in the relevant literature may
be explained by methodological flaws in previous stud-
ies. Several reports of complications in bilateral total knee
arthroplasty may have selection bias, as patients with more
comorbidities are often deemed inappropriate candidates for
SBTKR and are excluded, an issue that may also be present
in this study [5, 39, 40, 42, 54]. Also, comparisons between
SBTKR and StBTKR should involve doubling of complica-
tion rates in unilateral total knee arthroplasty but this is often
not clearly described [29, 39, 50]. What is exactly meant by
“SBTKR”is also often not clearly defined, and there may be
significant differences in the outcomes of surgery in which
two TKR are done by two surgeons at the same time under
tourniquet, when compared to procedures in which one sur-
geon does the procedures consecutively without tourniquet.
Conflicting findings within the contemporary literature limit
the ability of the orthopaedic surgeon or patient to develop
an informed decision regarding surgical treatment. There are
no evidence-based guidelines regarding the optimal choice
between SBTKR or StBTKR that have been developed from
consistent high quality, comparable data.

To help address this gap in the knowledge and to better
inform clinical practice, the purpose of this study was to

@ Springer

carefully assess the safety of SBTKR in a large cohort of
patients to either confirm the safety of this surgical option,
or alternatively to reaffirm and better define the concerns
regarding the inherent risks of this procedure. Unlike previ-
ous studies in the literature which took place in the 1980s,
this more recent study examines outcomes following signifi-
cant advancements in anaesthesiology, surgical technique
and postoperative care such as hypotensive anaesthesia,
computer navigation and tranexamic acid.

Materials and methods

This study is a retrospective analysis of prospectively col-
lected data on a cohort of 475 patients (950 knees) operated
on by three orthopaedic surgeons in two private hospitals in
Sydney, Australia. The data was extracted from the clinical
database (Socrates, v3.5, Orthosoft, AUS) and retrospec-
tively linked to the Australian Joint Replacement Registry
and hospital records over a five year period, from 2008 until
2013. The study was approved by the Northern Sydney Local
Health District Human Research Ethics Committee (NSLHD
HREC Reference Number NSPHEC 2014-LNR-006).

Inclusion criteria

The database recorded all TKAs performed by three consult-
ant Orthopaedic Surgeons at two private hospitals in Sydney,
Australia. Patients identified as having undergone SBTKR
had two primary total knee arthroplasty procedure codes
entered on the same day, as required by discharge coding
rules.

Indications for SBTKR were bilateral end stage osteo-
arthritis with each knee independently meeting criteria for
TKR as assessed by the treating orthopaedic surgeon and
patient preference for simultaneous bilateral surgery. Pre-
operative anaesthesiologist review of each patient, which
included assessment of medical co-morbidities to evaluate
fitness for anaesthesia and surgery. When deemed neces-
sary by the anaesthesiologist, further physician review for
these comorbidities, such as that of a cardiologist or respira-
tory physician, was attained. Those deemed to be unsafe for
anaesthesia were excluded from surgery. Patients with severe
lower limb vascular insufficiency or active infection in the
knee joint or elsewhere in the body were also excluded.

Postoperative high dependency unit (HDU) admission
was not routine but was planned if deemed necessary by the
anaesthesiologist or surgeon.

Demographic data

Demographic data collected on the patients included age,
gender, past medical history. Body-mass index (BMI) was
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also reported using a single tape measure and scales at the
preoperative appointment, recorded to one decimal point.
Particular note regarding previous cardiac comorbidity his-
tory was also taken. Significant cardiac comorbidity was
defined as a patient who had at least one of the following:
confirmed diagnosis of congestive cardiac failure, ischaemic
heart disease, myocardial infarction, presence of in situ car-
diac stent or previous cardiac valve repair or replacement.
The American Society of Anaesthesiologists classifica-
tion of physical health (ASA) score for each patient, assessed
preoperatively, was also retrieved from operative notes.

Surgery protocol

In all cases a computer navigation system was used. Tour-
niquets were used from 2008 until mid-2011, after which
tourniquet was not used in any patient. Routine use of intra-
venous and intraarticular tranexamic acid commenced in late
2011. Patients underwent sequential SBTKR by the treat-
ing orthopaedic surgeon under one anaesthetic commencing
with the most symptomatic knee. Prior to commencement of
the second total knee arthroplasty, the first knee replacement
was completed and the wound closed, and permission to
proceed was confirmed with the anaesthetist. Preference was
for spinal anaesthetic combined with sedation, which was
employed in 80% of patients, with the remainder undergoing
general anaesthetic.

Outcome evaluation

Mortality and all complications were recorded from analysis
of clinical records up to October 2015. Acute medical com-
plications evaluated included death, deep vein thrombosis,
pulmonary embolism, cerebral vascular accident, myocar-
dial infarction, other perioperative cardiac complications,
respiratory complications, gastrointestinal complications,
urinary complications, and confusion.

Minor surgical complications recorded included intraop-
erative skin tear and superficial wound infections requiring
debridement but not implant removal. Major orthopaedic
complications included deep wound infections requiring take
back to theatre or implant revision.

Statistical analysis

The cohort was analyzed using descriptive statistics of
patient characteristics and surgical outcomes. The data was
checked for normality by observing the histogram and q—q
plot. All statistical analyses were conducted with Stata 14.0
software (StataCorp).

Results
Patient demographics

Sixty-two patients were excluded from the analysis due
to incomplete hospital records. Confirmation that none of
these patients died by the conclusion of the data collection
period (September 2016) was based on data provided by the
national Australian joint registry. This left a cohort of 413
patients (826 knees) who underwent SBTKR between Janu-
ary 2008 and January 2014.

The mean age of the patients at the time of undergo-
ing SBTKR was 69.5 (46-88 years). Mean patient body
mass index (BMI) was 30. The majority of patients had an
ASA score of 2 (45.8%), followed by 1 (27.4%), 3 (22.8%)
and 4 (4.1%.)37 patients (8.9%) had cardiac comorbid-
ity preoperatively, and 27 patients (6.5%) had a previous
thromboembolism.

Mean operative time for each patient was 228.3 +27.4 min
from skin incision to closure. Mean tourniquet time for
patients underwent tourniquet was 47.2 +25.9 min. 64.5%
of patients underwent cemented femur fixation. All patients
underwent patella resurfacing.

Mortality and complications

There were no cases of perioperative mortality, and no cases
recorded in the acute postoperative period (6 weeks).The
overall mortality rate during the study follow-up period
was 1.9% (8 patients), with an average time to death of 23.8
months. Medical complication rates ranged from 31.7%
(blood transfusion) to 1.9% (confusion). The transfusion
rate reduced between 2009 (64.3%) and 2010 (49%), fol-
lowed by a steady decline to a final rate of 8% in 2013. Deep
vein thrombosis occurred in 2.7% (11 patients), pulmonary
embolism occurred in 1.9% (8 patients), cerebral vascu-
lar accident occurred in 0.5% (2 patients), and myocardial
infarct occurred in 0.2% (1 patient). Minor surgical com-
plication rates were less common, but included superficial
wound infection in 0.97% (4 patients) and intraoperative skin
tear in 0.24% (1 patient). Deep periprosthetic wound infec-
tion occurred in 0.7% (3 patients) of patients of which only
one knee required further surgery. Twelve patients (2.9%)
experienced an unexpected HDU admission.

Age

Stratification of the cohort into four distinct groups based on
age was performed to identify if mortality rates or compli-
cations were increased in older patients compared to those
younger undergoing SBTKR [33]. To do this, the cohort was
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separated into arbitrary cut-offs of patients under 60 (7.7% of
patients), those between 60 and 70 (43.8%), those between 70
and 80 (37.7%) years of age and those older than 80 (10.7%).

A total of 8 patients over the age of 70 years experienced
mortality compared to 0 patients under the age of 70. Of
these 8 patients, 4 were above the age of 80 and the other 4
were between 70 and 80 years. As there was no mortality
in patients under 70, statistical analysis was unable to be
performed for significance comparing these groups. Interest-
ingly, the mortality rate reported for the time frame of the
present study is lower than the reported 2.9% yearly mortal-
ity rate in the Australian general population among patients
aged 70-74, as reported by the Australian Institute of Health
and Welfare (AIHW) [56].

Complication rates were also assessed, defined as a diag-
nosis of DVT, PE, MI, CVA, surgical site infection or confu-
sion in the immediate postoperative period. 2 patients under
the age of 60 (6.3%), 12 patients between 60 and 70 (6.6%),
9 patients between 70 and 80 (5.7%) and 7 patients over 80
(15.9%) were identified to have postoperative complications.
This overall pooled complication rate was noted to be sta-
tistically significant on univariate analysis (p < 0.05) but not
after adjusting for sex and operating surgeon (n.s.)

Cardiac history

Six (1.6%) of 376 patients without a cardiac history expe-
rienced mortality during the follow-up period compared to
two out of 37 (5.4%) patients who did have a cardiac history.
Although we did identify a positive association between
cardiac comorbidity and mortality, this was not statistically
significant on either univariate [OR=2.27, (n.s), 95% CI
0.69-18.1.] or after adjusting for age, sex or operating sur-
geon [OR=1.23, (n.s), 95% CI1 0.46-17.2.]

Comparison was also made of the rate of postoperative
complications, defined as at least one of postoperative DVT,
PE, MI, CVA, wound infection requiring antibiotics or con-
fusion, between patients with a significant cardiac history
compared to those who did not. We found that 6.9% (26)
of patients without a cardiac history had at least one com-
plication postoperatively compared to 10.8% (4) of patients
with a cardiac history. Again, although there was a positive
association between cardiac history and postoperative com-
plication, there was no statistically significant difference on
either univariate [OR =1.63, (n.s), 95% CI 0.54—4.96] or
multivariate analysis [OR =1.47, (n.s), 95%CI 0.47-4.56.]

Discussion
The most important finding of the present study was the low

mortality and complication rates of one-anaesthetic SBTKR.
In this study of 413 patients who underwent SBTKR, there
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were no cases of perioperative or acute post-operative mor-
bidity. Overall morbidity during the entire follow-up period
was found to be actually less than that reported for age
matched population norms in Australia [3]. Although direct
comparison to a cohort with unilateral or staged procedures
was not performed, major and minor surgical complication
rates are comparable to those reported in the literature for
these types of procedures.

Complication rates and clinical safety of SBTKR remains
a controversial topic with lack of consensus present in the
literature. Previous studies have reported inhospital mor-
tality rates ranging from 0% up to 4.3%. In addition to
increased incidence of HDU admission due to cardiac or
respiratory complications, other serious complications such
as deep venous thrombosis, pulmonary embolism, and myo-
cardial infarction differ in incidence in SBTKR compared
to StBTKR throughout the literature [1, 2, 5, 11, 15, 20,
32,45].

Nevertheless a common perception persists amongst
orthopaedic surgeons that SBTKR carries a significantly
higher risk profile. As a result, patients are often inappropri-
ately denied the benefits of SBTKR. These benefits include
a faster overall recovery, improved patient satisfaction, and
reduced costs for the patient and the health care system.
In addition, for patients with severe deformities, unilateral
deformity correction creates an asymmetric lower limb pro-
file that may impact on rehabilitation. It should also be noted
that when patients are intended to undergo staged proce-
dures, there will be a certain percentage who may ultimately
not return for the second procedure, and as a result may
receive limited benefit from the single TKR.

The risks of serious medical complications such as deep
vein thrombosis (DVT), pulmonary embolism (PE) and
myocardial infarction (MI) have been used to justify not
performing SBTKR. Our study suggests that this risk-aver-
sion may be misplaced. Only 2.7% of patients in our study
suffered deep vein thrombosis, a finding in keeping with
Restrespo et al.’s (2007) meta-analysis of 27,807 patients
(44,684 knees) from 18 studies over 39 years, where there
was no statistically significant difference in the risk of deep
vein thrombosis between SBTKR and UTKR. Our study also
had a lower incidence of pulmonary embolism and myocar-
dial infarction.

This study also demonstrated low rates of blood transfu-
sions, with blood transfusions occurring in only 31.7% of
patients, with transfusion rate steadily declining over the
study period. Increased significant blood loss may increase
the need for blood transfusions, increasing the possibility for
blood transfusion reactions or transmission of blood-borne
diseases. In the literature, increased intraoperative blood
loss associated with SBTKR is a consistent issue [32, 43,
47]. Patients in the final year of this study had a transfu-
sion rate of 8%, and since study completion this has reduced
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even further. The combination of preoperative screening and
iron transfusions as necessary, hypotensive anaesthesia, and
tranexamic acid, both intravenously and topically, have seen
this rate reduce to less than 5% with current practices.

Surgical complications experienced were uncommon
in this study, and ranged from superficial wound infec-
tion (0.97%) to intraoperative skin tear (0.24%). Such rates
are low when compared to prior studies in the literature
[30.44.51.] Furthermore, we found that our rates for revi-
sion procedures secondary to complications were also com-
paratively low. A summary of the outcomes of the cohort
and comparison with the current literature is presented in
Table 1.

The authors postulate several explanations as to why out-
comes in this study differ from previous, more pessimistic
studies in the literature. First, a significant proportion of
the literature that investigates perioperative complications
after SBTKR took place in the 1980s [4, 10, 53]. Since
then, advances in the surgical technique, anaesthesiology,
and measures to prevent perioperative complications have
been implemented, and almost certainly these improve-
ments have made this procedure much safer. For example,
use of computer navigation avoids intramedullary align-
ment rods and associated fat emboli and avoidance of the
tourniquet avoids the metabolic insult that occurs with each
tourniquet release. Hypotensive anaesthesia in conjunction
with tranexamic acid minimizes blood loss and the need for
postoperative transfusion. Completing the first knee prior
to commencement of the second maintains a carefully con-
trolled procedure, and improvements in pain management
reduce the need for postoperative narcotics and the associ-
ated complications.

Second, there is potential selection bias, as the entire
cohort of patients were private. As a result, the majority of
patients were categorized as either ASA score 1 or 2, and
thus may be healthier with fewer comorbidities than cohorts
in previous studies. This is also a limitation of our study, as
these results may not be generalized to other populations,
particularly those of a lower socioeconomic class. However,
we still feel that given SBTKR is an elective procedure, our
cohort of patients would not be significantly different to
any other cohort deemed suitable to undergo the surgery. In
addition, whilst we acknowledge that less healthy patients
may have a higher risk profile, the current study would sug-
gest that this risk profile would not be higher with SBTKR,

compared to staged BTKR, when careful surgical technique
is used.

Third, it should be noted that the three surgeons in this
study are all experienced high-volume sub-specialist knee
surgeons who are comfortable in performing SBTKR, and as
such the outcomes may not be representative of all orthopae-
dic surgeons or those performing the procedure in previous
studies.

One of the major limitations of this study is its retrospec-
tive design. This could be one of the reasons why there were
62 patients who did not have any hospital medical records.
Information on these patients was obtained by searching
through the joint replacement and death registries of Aus-
tralia, and it was found that none of these patients underwent
a revision procedure or died within the 1 year postoperative
period, confirming that this exclusion had no impact on the
perioperative mortality results of this study. The ability to
obtain relevant data on these patients from valid second-
ary sources means that this 13% of the original cohort is
not “lost to follow up” for the purposes of this study, but
rather has an incomplete dataset such that they cannot be
included in all of the relevant analyses of rates of lesser
complications.

Considering these findings, the authors suggest that
SBTKR should be given greater consideration for patients
who have bilateral, end-stage knee osteoarthritis and require
bilateral arthroplasty. SBTKR offers the advantages of
improved patient satisfaction and cost-effectiveness while
maintaining a minimal morbidity and complication rate
following the introduction of improved patient selection,
anaesthetic and surgical technique and post-operative care.

Conclusions

The safety of SBTKR is a topic that has generated much
discussion for many years amongst arthroplasty surgeons.
Recent literature has demonstrated significant potential
benefits for patients receiving SBTKR, including improved
patient satisfaction, cost-effectiveness at an individual and
a national level, and at least equivalent clinical outcomes to
those of StBTKR. Our study demonstrates that sequential
SBTKR performed under the same anaesthetic, with careful
preoperative patient selection, can be safe with low mortality
and complication rates.
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