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Abstract

Background: An important source of debate in many ortho-
paedic practices is the choice of performing simultaneous or
staged bilateral total knee arthroplasty.

Questions/Purpose: The objective of this meta-analysis is to
compare simultaneous bilateral with staged bilateral total
knee arthroplasty for peri-operative complication rates, in-
fection rates and mortality outcomes.

Methods: All relevant citations were retrieved from MEDLINE,
EMBASE, COCHRANE databases and the unpublished litera-
ture. Included studies were assessed for methodological quality
and abstracted data was conducted independently by two
reviewers. Data was categorized into subgroups and pooled
using the DerSimonian and Laird’s random effects model.
Results: A total of 18 articles were identified from 873 poten-
tially relevant titles and selected for inclusion in the primary
meta-analyses. The incidence of mortality was significantly
higher in the simultaneous group at 30 days (RR [relative risk]
3.67, 95% confidence interval [CI] 1.68-8.02, p=0.001,
P=59%, n=67,691 patients), 3 months (RR 2.45, 95%
CI 2.15-2.79, p<0.00001, *=0%, n=66,142 patients)
and 1 year (RR 1.85, 95% CI 1.66-2.06, p<0.001, F=0%,
n=65,322 patients) after surgery. However, there were no
significant differences between the two groups in regards to
in-hospital mortality rates (R 1.18, 95% CI 0.74—1.88, p=0.48,
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P=0%, n=33,814 patients). In addition, there was no
increased risk of deep vein thrombosis, cardiac complication,
and pulmonary embolism or infection rates in either
comparison group.

Conclusions: The results of the analysis suggest that
simultaneous bilateral total knee arthroplasty has a
significantly higher rate of mortality at 30 days, 3 months
and 1 year after surgery, but similar infection and
complication rates in comparison to staged bilateral total
knee arthroplasty.
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total knee arthroplasty- meta-analysis-complication rates -
infection - mortality

Introduction

Total knee arthroplasty (TKA) is a common orthopaedic
procedure that is used to treat degenerative joint disease in
a variety of patient populations. In 2002, approximately
381,000 total knee procedures were performed in the United
States [17]. Knee replacement surgery has been reported in
the literature as a cost-effective means of alleviating pain
and restoring function in a variety of patients [10, 18].
Approximately one third of knee replacement patients
exhibit degenerative joint disease symptoms bilaterally, neces-
sita ting knee replacement procedures in both knees [19].
Surgeons and patients are faced with the option of performing
both knee replacement procedures simultaneously under one
anaesthetic (simultaneous bilateral total knee arthroplasty) or
staging the procedures over a specific time interval (staged
bilateral total knee arthroplasty). Advocates of simultaneous
bilateral total knee arthroplasty (SBTKA) suggest many
advantages, including limiting surgery and anaesthesia to a
single event, promoting symmetrical rehabilitation amongst
both knees and a reduced length of stay at hospitals, which
also translates to lower hospital costs [8, 9, 16, 18]. However,
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several studies have linked an increased number of complica-
tions and mortality events with SBTKA [3, 9, 16, 24].

A major obstacle that surgeons face when evaluating
patients for SBTKA or staged bilateral total knee arthro-
plasty (StBTKA) procedures is the lack of evidence avail-
able on these topics. Inconsistencies in study results occur
when a small sample size is selected, resulting in underpow-
ered studies that are unable to detect treatment effects.

Evaluation of the current evidence in the form of a
systematic review and meta-analysis allows surgeons and
patients to make an informed decision about the benefits
and risks of bilateral knee replacement procedures. We un-
dertook a systematic review and meta-analysis to evaluate
complication, infection, and mortality rates amongst
SBTKA and StBTKA. A systematic search strategy was
developed to answer the following question: For adult
patients undergoing total knee replacements, what is the
difference between SBTKA and StBTKA on rates of peri-
operative complications, infection and mortality?

Materials and Methods

A systematic search strategy was developed in order to find all
relevant articles comparing simultaneous and staged bilateral
total knee arthroplasty. Articles were selected for inclusion if
they compared complication rates, revision rates or mortality
rates amongst simultaneous and staged procedures. We did not
establish criteria for surgical technique, post-operative care,
type of prosthesis or length of follow-up. Articles were ex-
cluded if: (1) they did not contain information comparing
complication rates and mortality amongst patients undergoing
SBTKA or StBTKA; (2) other surgical procedures were per-
formed in conjunction with the knee replacement procedures;
(3) the studies evaluated SBTKA or StBTKA independently;
(4) SBTKA or StBTKA was compared to unilateral total knee
arthroplasty (UTKA); (5) the study evaluated non-surgical
interventions such as antibiotics, rehabilitation protocols and
pharmaceutical interventions; (6) the studies were systematic
reviews or book chapters about the topic; (7) the studies were
expert opinion pieces, narratives or level V evidence; and (8)
the studies were published in a foreign language.

Multiple search strategies were used to identify articles
relevant to the research question. The electronic databases
MEDLINE, EMBASE and COCHRANE were searched for
relevant articles that were published from 1960 up to October
2010. Two reviewers (AB, TC)) also hand-searched the
archives of annual meetings of the Orthopaedic Trauma As-
sociation (2000-2010), the Canadian Orthopaedic Association
(2005-2010), the American Academy for Orthopaedic Sur-
geons (2008-2010) and the Combined Orthopaedic Associa-
tions (COMOC) for relevant literature. Additional search
strategies included hand searching the bibliographies of pre-
vious meta-analysis, review articles and book chapters evalu-
ating SBTKA and StBTKA for relevant titles [4, 25-27].

Two reviewers (AB, TC) screened the titles and abstracts of
all studies to select relevant articles. All studies were reviewed
independently by both reviewers for inclusion (Fig. 1).
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In the case of a disagreement, the two reviewers read the
full article and discussed until a consensus was reached. If
an agreement still could still not be reached, a third reviewer
(NH) assessed the article for eligibility. If any additional
information in regards to potential studies was needed, the
corresponding author of the publication was contacted
through email.

Two reviewers (AB, TC) reviewed each article for method-
ological quality independently. An adapted version of the New-
castle—Ottawa Scale (NOS) for retrospective studies and
prospective studies [35] was developed for the critical appraisal
of the included studies. The NOS was developed to assess the
quality of nonrandomised studies with respect to study design,
study content and generalizability to clinical populations. A
scoring system is used to judge each study on three broad
categories: selection of the study groups, comparability of the
groups and ascertainment of either the exposure or outcome of
interest for included studies. One of the items (Adequacy of
follow up of cohorts) was deemed irrelevant for the retrospec-
tive study design and removed from the scale. Thus, the max-
imum achievable score for included studies was 8 stars for
retrospective studies and 9 stars for prospective studies. For
included studies, we considered a score 7 or higher to be
reflective of high methodological quality; a score of 5 or 6
reflective of medium quality and a score of 4 or less to be
reflective of low methodological quality. Disagreements be-
tween reviewers were resolved through a consensus process.

The primary outcomes of our study were articles that
included information about peri-operative complication
rates, mortality and revision rates for patients who received
an SBTKA or an StBTKA procedure.

All information relevant to the research question was
extracted from the included articles including patient demo-
graphics for each treatment arm, location of the study, pub-
lication year, methodological quality, reason for total knee
arthroplasty, pre-operative co-morbidities, procedure times
and type of technique used, total duration of follow-up time,
mean length of stay at hospital, complication rates, revision
surgery rates and mortality. Two reviewers (AB, TC)
reviewed the information in each article and came to a
consensus on all extracted information.

A k (kappa) statistical test was used to determine the
extent of agreement amongst individuals who determined
eligibility for tests to include in the study. A  value greater
than 0.8 was deemed to represent excellent agreement be-
tween the two reviewers. Inter-reviewer agreement was eval-
uated using the intraclass correlation coefficient to determine
concurrence in methodological quality scores. Once again,
we selected a criterion of values greater than 0.80 to indicate
sufficient agreement between reviewers.

We performed a meta-analysis by pooling outcome
measures using the DerSimonian and Laird random effects
model [5]. The incidence of mortality events, infections, and
peri-operative complications including deep vein thrombo-
sis, pulmonary embolism, cardiac complications and infec-
tions were compared in the SBTKA and StBTKA groups.

Unadjusted frequency data about mortality rates, revision
rates and peri-operative complications was abstracted from
the relevant studies and included in the meta-analysis. We
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Relevant Titles (n=873):
MEDLINE search: 309
EMBASE search: 114
Cochrane search: 440

Hand Search: 10

Duplicates: 97

Studies Excluded (n=526):

Not related to TKA complications/mortality: 429

v

Studies Retrieved for Abstract Review (n=347)

A 4

injections: 47

Not English: 14

Studies Excluded (n=324):

Not related to TKA complications/mortality: 82

Other surgical procedures: 84

Only observing simultaneous or staged or unilateral: 29

Comparing simultaneous or staged BTKA with unilateral TKA: 31
Non surgical interventions relating to TKA- drugs, rehab protocols,

Systematic review of literature: 21
Level ¥ evidence (case reports, narratives): 16

A 4

Studies Retrieved for Full Text Review (n=23)

Other: 1

Studies Excluded (n=5):

Prospective cohort studies: 2
No events reported: 2

A 4

Studies Selected for Inclusion in the Meta-Analysis (n=18)

Fig. 1. Flow diagram for identification of studies comparing peri-operative complication rates, revision rates and mortality in simultaneous

versus staged bilateral total knee arthroplasty.

used frequency data to calculate risk ratios and 95% confi-
dence interval (CI) for all primary outcome measures be-
tween patients who underwent SBTKA or StBTKA. Review
Manager 5.1 was used for statistical analyses. In cases when
zero events are reported in both groups, a relative risk (RR)
of 1.0 is calculated.

A subgroup analysis was conducted when appropriate in
the meta-analysis plots. For mortality rates, studies were
grouped according to follow-up times which included in-hos-
pital mortality, 30-day mortality, 3-month mortality and 1-year
mortality rates. Information about peri-operative complica-
tions was grouped according to the prevalence of pulmonary
embolism, deep vein thrombosis and cardiac complications in
patients who underwent SBTKA or StBTKA procedures.
Infection rates were grouped into deep infection and superfi-
cial infection groups for both treatment arms.

Due to the differences in methodological quality, study
design, presence of bias (publication bias, selection bias,
attrition bias, etc.), there is a high possibility of heterogene-
ity in a data when calculating effect sizes. To counter this
confounding factor, we performed a stratified analysis using
a statistical test of interaction to evaluate the degree to which
subgroup results differed from each other [1]. Reasons for
heterogeneity in data may include cut off times used to
define simultaneous versus staged bilateral TKA (e.g.,
2 weeks, 6 months, 1 year), length of follow-up for report
of complications and mortality, the year the study was pub-
lished (before or after the year 2000), location of the study
population, age of study population, surgical technique used
and methodological quality as assessed by the Newcastle—
Ottawa scale. Even though publication bias could not be
adequately assessed in this review due to the limited number
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of studies in each outcome, we ensured that all citations of
included articles were reviewed for eligibility.

In order to control for multiple testing and inflation of
type I error, we defined a significant difference between
subgroups as p<0.01. Heterogeneity was classified between
studies using an I* statistic, where an I* value <25%
represents low heterogeneity and an I* value >75%
represents high heterogeneity [11].

Results

The primary literature search identified 873 potentially
relevant titles. Twenty-three non-randomized trials [3, 6,
7, 15, 16, 19-24, 28-31, 33, 34, 36] were selected for a
full-text review. Twenty-one studies were classified as
retrospective studies and two studies were classified as
prospective studies [14, 32]. The authors decided to
exclude these two studies in order to maintain a low
level of heterogeneity since the included studies were
already of moderate/poor quality; however, the results
from one article [14] were not completely discounted
and will be discussed in a later sections of this review.
The other prospective study [32] did not sufficiently
report patient important outcomes to allow for compar-
isons to be made. Overall, the results from the two
prospective studies are summarized in Table 1. Two
studies [9, 12] did not report any events for the primary
outcomes and one study [2] compared SBTKA with the
first of two staged procedures which resulted in its
exclusion from the meta-analysis. Lastly, three studies
[6, 21, 24] reported information in regards to revision
rates; however this outcome was not pooled as all three
studies used different time frames to assess the outcome.
As a result, a pooled estimate for this outcome would
not have generated a strong measure of association.
Hence, a total of 18 studies were selected for inclusion
in the meta-analyses. The weighted s for agreement
between reviewers about articles to include in the
meta-analysis was 0.896 (95% CI 0.835-0.957) which
indicates excellent agreement [14]. The 18 included
studies provided information about 108, 212 patients
which included 65,265 StBTKA and 42,947 SBTKA
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procedures (Table 2). Staged procedures were performed
anywhere between 3.6 days and 5.9 years. The averaged
patient age was 68.8 years (range 19-93 years) and ap-
proximately 65.1% of patients were female. Eleven stud-
ies were performed at orthopaedic centers in the USA,
three at centers in the United Kingdom, and one study
each in Australia, South Korea, Sweden and Taiwan.
Using an adapted version of the NOS, we classified
two studies [7, 22] in the high methodological quality
group, 15 studies in the moderate methodological quality
group [3, 6, 15, 16, 19-21, 23, 24, 28-30, 33, 34, 36]
and one study in the low methodological quality group
[31]. There was substantial agreement amongst
reviewers for all items on the NOS (intraclass correla-
tion coefficient 0.979, 95% CI 0.975-0.982).

The incidence of mortality suggests that staged bilat-
eral procedures have a significantly lower mortality rate
than simultaneous procedures. Information about mortal-
ity in simultaneous and staged groups was abstracted
from 15 studies [6, 7, 15, 16, 19-23, 28-30, 33, 34,
36]. Four studies [16, 19, 21, 23] reported zero in-
hospital mortality events post surgery for both compar-
ison groups and one study [6] reported zero mortality
events 30 days after surgery for both groups. Lastly, one
study reported mortality at 15 days [15] and another
reported at 60 days [30]. As a result, these studies were
not included in the pooled estimate as no other studies
reported data at these time points. The risk ratios
amongst individual studies ranged from 0.94 to 9.18. Mortal-
ity rates over the first year ranged from 0.31% during in-
hospital stay to 3.41% at 1 year after surgery for the SBTKA
procedure. Mortality rates for the StBTKA procedure ranged
from 0.27% during in-hospital stay to 2.02% at 1 year after
surgery. The incidence of mortality in both groups was cate-
gorized into four subgroups (Fig. 2). The results of the analysis
indicate that the choice of procedure (SBTKA or StBTKA) did
not significantly influence in-hospital mortality rates (RR
1.18, 95% CI 0.74—1.88, p=0.48, I*’=0%, n=33,814
patients). However, the results at 30 days (RR 3.67, 95% CI
1.68-8.02, p=0.001, P=59%, n=67,691 patients), 3 months
(RR 2.45, 95% CI 2.15-2.79, p<0.00001, *=0%, n=66,142
patients) and 1 year (RR 1.85, 95% CI 1.66-2.06, p<0.001,
P=0%, n=65,322 patients) suggest that staged bilateral

Table 1 Characteristics of the prospective studies obtained from the literature search

Study, year Country Comparison Number of % Staged  Age (range), % female ~ NOS Quality ~ Major findings
groups patients years Index
Hutchinson, 2006 ~ Australia  Simultaneous 563 22.0 66.0 483 6 — No significant
Staged — 2 to difference in
120 months complication rates
between SBTKA
(26.3% of patients) and
StBTKA (24.0% of
patients) (p=0.611)
Stanley, 1990 UK Simultaneous 50 36.0 60.0 32-77)  76.0 6 — No intra-operative
Staged — NR complications in both

treatment groups.
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Table 2 Characteristics of the 18 non-randomized trials included in the meta-analysis
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Study, year Country Comparison Number of % staged ~ Age (range), % female ~ NOS Quality ~ Outcomes
groups patients years Index reported
Brotherton et USA * Simultaneous 47 61.7 62.8 NR 6 =DVT
al., 1986 [3] * Staged —
9.2 months
Forster et Australia » Simultaneous 102 72.5 66.0 (41-79) 52.0 5 =RR
al., 2006 [6] * Staged — 1 week
to 68 months
Gill et al., USA » Simultaneous 400 75.5 70.0 (19-93) 59.3 7 = Mortality
2003 [7] * Staged — 3 months
Ivory et al., UK * Simultaneous 93 15.1 68.2 (43-91) 62.4 5 = Mortality
1993 [15] * Staged — 6 weeks = IR
to 6 months
Jankiewicz et USA * Simultaneous 155 36.1 70 69.0 5 = PE
al., 1994 [16] * Staged — within
9 months
Liu and Chen, Taiwan « Simultaneous 88 27.3 67.7 (44-79) 96.6 6 = DVT
1998 [19] * Staged — = CC
7.4 days (5-11) « IR
Mangaleshkar UK * Simultaneous 88 38.6 72.4 (36-90) 61.4 6 = Mortality
et al., 2001 * Staged —
[20] 5.2 months
McLaughlin USA * Simultaneous 68 67.6 69.3 72.1 6 *DVT
and Fisher, « Staged — 17 days =CC
1985 [21] to 8 months = IR
= RR
Memtsoudis et USA « Simultaneous 33,662 252 66.1 58.7 8 = Mortality
al., 2009 [22] * Staged — *PE
3.59 days =DVT
=CC
Minter and USA * Simultaneous 64 64.1 66 43.8 5 = Mortality
Dorr, 1995 » Staged — NR = PE
[23] «DVT
Morrey et al., USA * Simultaneous 376 61.4 62.6 (22-88) 66.2 5 = PE
1987 [24] * Staged — same *RR
hospitalizations
and separate
hospitalizations
Ritter et al., USA » Simultaneous 63,030 79.5 73.2 65.8 6 = Mortality
1997 [29] * Staged — 6 weeks
to 1 year
Ritter et al., USA » Simultaneous 2202 6.9 69.9 57.3 6 = Mortality
2003 [28] * Staged — 1.4+ * PE
0.8 years =CC
=R
Sliva et al., USA * Simultaneous 332 92.2 65.0 (35-90) 63.9 6 = Mortality
2005 [30] * Staged — 1
hospitalization to
70.5 weeks
Soudry et al., USA * Simultaneous 74 24.3 68.8 (38-85) 70.3 4 = PE
1985 [31] * Staged — 29 days =CC
(1 week to
5 months)
Stefansdottir et Sweden * Simultaneous 4571 75.1 80.0 (67-89) NR 6 = Mortality
al., 1987 [33] * Staged — 1 to
2 years
Walmsley et al., UK * Simultaneous 2622 68.5 NR NR 5 = Mortality
2006 [34] * Staged — 1 to
5 years
Yoon et al., South Korea * Simultaneous 238 50.0 70.0 (34-83) 94.1 6 IR
2010 [36] * Staged —
12 months

(1-48 months)

The “Outcomes reported” column only lists information used in the individual forest plots

NOS New Castle—Ottawa Scale, NR not reported, PE pulmonary embolism, DVT deep vein thrombosis, CC cardiac complications, /R infection

rates, RR revision rates
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procedures have a significantly lower mortality rate than
simultaneous procedures. The heterogeneity was higher
than the pre-defined 25% cut-off when both groups were
combined and this supported conducting sub-group
analyses. It is important to note that there were no
significant differences (p>0.05) in year of publication
and mortality rate between the two groups at all time
points. The prospective study that was excluded from
this review measured peri-operative mortality rates also
found no significant difference between the two groups
[14].

The prevalence of the peri-operative complications in the
pulmonary embolism, deep vein thrombosis and cardiac
complications groups were relatively similar across both
treatment arms. Eight studies provided information about
the incidence of pulmonary embolism in both knee replace-
ment groups [19, 21-24, 28, 30] during the peri-operative
period. Five studies provided information about the inci-
dence of deep vein thrombosis [3, 19, 21-23] and five
studies provided information about the prevalence of cardiac
complications in both patient groups [19, 21, 22, 28, 31].
Two studies [19, 21] reported zero pulmonary embolism
events following simultaneous and staged BTKA. The risk
ratios amongst individual studies varied from 0.64 to 4.78
(95% CI 0.06—45.51) for pulmonary embolism, 0.35 to 1.22
(95% CI 0.01-12.26) for deep vein thrombosis and 0.07 to

SBTKA SIBTKA

Study or Subgroup _ Events  Total Events

Total Weight M-H, Random, 95% CI
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1.08 (95% CI 0.00-16.08) for cardiac complications. This
was also found to be consistent with the excluded prospec-
tive study [14]. Approximately 0.91% of patients in the
simultaneous treatment arm and 0.79% of patients in the
staged treatment arm experienced an episode of pulmonary
embolism. Deep vein thrombosis rates were also similar
amongst both groups, affecting 1.47% of patients in the
simultaneous arm and 1.30% of patients in the staged arm.
Lastly, cardiac complication rates were similar amongst both
groups as well, affecting 1.67% of patients in the simulta-
neous arm and 1.60% of patients in the staged arm.
Analysis of the results (Fig. 3) across studies illustrates
no increased risk of in-hospital pulmonary embolism fol-
lowing simultaneous or staged BTKA procedures (RR 1.17,
95% CI 0.90-1.53, p=0.23, ’=0%, n=36,533 patients).
Furthermore, there was no increased risk of in-hospital
deep vein thrombosis (RR 0.89, 95% CI 0.44-1.80,
p=0.75, P=11%, n=33,929 patients) or in-hospital cardiac
complications (RR 0.70, 95% CI 0.28-1.71, p=0.43,
P=37%, n=36,094 patients) in either treatment arm. The
heterogeneity in the cardiac complications group and the deep
vein thrombosis group can be explained by publication year of
the study. Studies published before 2000 report a lower risk of
cardiac complications (RR 0.14, 95% CI 0.03-0.68, p=0.01,
PP=0%, n=230 patients) in the simultaneous bilateral group and
studies published after the year 2000 report no difference in

Risk Ratio Risk Ratio

M-H, Random, 95% CI

1.1.1 In Hospital Mortality
Mangaleshkar, 2001 4 54 0 34 0.7% 5.73[0.32,103.14) —
Memtsoudis, 2009 73 25179 22 8483 132% 1.12(0.69,1.80] -
Minter, 1995 1 23 1 41 0.7% 1.78[012,27.18) —
Subtotal (95% Cl) 25256 8558 14.6% 1.18 [0.74, 1.88] £
Total events 78 23
Heterogeneity. Tau®= 0.00;, Chi*=1.30,df= 2 (P=0.52), F= 0%
Testfor overall effect Z=0.71 (P=0.48)
1.1.2 30 Day Mortality
Ritter, 1997 128 12922 177 50198 225% 2.81(2.24,352) -
Stefansdottir, 2008 11 1139 5 3432 4.3% 6.63[2.31,19.04) ——
Subtotal (95% CI) 14061 53630 26.8% 3.67[1.68,8.02] -l
Total events 139 182
Heterogeneity. Tau®= 0,22, Chi*= 2.43,df=1 (P=0.12), F= 59%
Test for overall effect Z= 327 (P = 0.001)
1.1.3 3 Month Mortality
Gill, 2003 1 98 0 302 05% 9.18(0.38, 223.59] —_—
Ritter, 1997 352 12922 563 50198 261% 243(213,2.77) L
Walmsley, 2006 g 826 5 1796 39% 3.48(1.14,10.60) s
Subtotal (95% CI) 13846 52296 30.5% 2.45[2.15, 2.79] ’
Total events 361 568
Heterogeneity: Tau®= 0.00, Chi*=1.05, df= 2 (P = 0.59), F= 0%
Testfor overall effect: Z= 13.41 (P = 0.00001)
1.1.4 1 Year Mortality
Ritter, 1997 485 12922 1018 50198 268% 1.85 [1.66, 2.06) -
Ritter, 2003 25 2050 1 152 1.3% 1.85(0.25,13.59] o
Subtotal (95% Cl) 14972 50350 28.2% 1.85 [1.66, 2.06] +
Total events 510 1019
Heterogeneity. Tau®= 0.00, Chi*=0.00, df=1 (P =1.00), F= 0%
Testfor overall effect: Z=11.36 (P = 0.00001)
Total (95% Cl) 68135 164834 100.0% 2.24 [1.77, 2.84] ¢
Total events 1088 1792
¥ 2 . D - N i - . I 4 4 §
Heterogeneity. Tau®= 0.05; Chi*= 29.77, df= 9 (P = 0.0005); F=70% o1 o1 10 100

Test for overall effect. Z= 6.70 (P < 0.00001)

Favours SBTKA Favours StBKA

Test for subaroun differences: Chi*= 18.16. df= 3 (P = 0.0004), F= 83.5%
Fig. 2. Meta-analysis forest plot on non-randomized trials comparing mortality rates amongst simultaneous and staged bilateral total knee

arthroplasty procedures.
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SBTKA StBTKA Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Pulmonary Embolism
Jankiewicz, 1994 3 99 2 56 2.3% 0.85[0.15, 4.93)
Memtsoudis, 2009 224 25179 65 8483 924% 1.16 [0.88, 1.53)
Minter, 1995 1 23 1 41 0.9% 1.78(0.12, 27.18) -
Morrey, 1987 3 145 1 20 1.4% 4.78 [0.50, 45.51) e p——
Ritter, 2003 18 2050 1 152 1.7% 1.33(0.18, 9.93) S —
Soudry, 1985 2 56 1 18 1.3% 0.64 |0.06, 6.68) ——
Subtotal (95% Cl) 27552 8981 100.0% 1.17 [0.90, 1.53) b
Total events 251 7

Heterogeneity: Tau® = 0.00; Chi* =1.99,df =5 (P = 0.85); I*=0%
Test for overall effect: Z=1.19 (P = 0.23)

1.7.2 Deep Vein Thrombosis

Brotherton, 1986 0 18 1 29 47% 0.53 [0.02, 12.26) S
Liu, 1998 0 64 1 24 4.6% 0.13[0.01, 3.04) —
Mclaughlin, 1985 0 22 5 46  57% 0.19[0.01, 3.22) - |
Memitsoudis, 2009 373 25179 103 8483 79.8% 1.22 [0.98, 1.52)

Minter, 1995 0 23 2 41 52% 0.35(0.02, 6.99]

Subtotal (95% CI) 25306 8623 100.0% 0.89 [0.44, 1.80)

Total events 373 112

Heterogeneity: Tau® = 0.15, Chi* =449, df =4 (P=0.34). I = 1%
Test for overall effect: Z = 0.33 (P = 0.75)

1.7.3 Cardiac Complications

Liu, 1998 0 64 2 24 7.8% 0.08 [0.00. 1.55] . —
Mclaughlin, 1985 0 2 146 7% 0.68 [0.03, 16.08) —_—r
Memtsoudis, 2009 427 25179 133 B4B3 539% 1.08 [0.89, 1.31) B
Ritter, 2003 31 2050 2 152 233% 1.15[0.28, 4.76) ——
Soudry, 1985 0 56 2 18 7.8% 007(0.00,133) ———
Subtotal (95% CI) 27371 8723 100.0% 0.70 [0.28, 1.71) S
Total events 458 140

Heterogeneity: Tau® = 0.38; Chi* =6.36,df =4 (P =0.17). P = 37%
Test for overall effect: Z=0.79 (P = 0.43)

0.001 01 10 1000
Favours SBTKA Favours SIBTKA

Fig. 3. Meta-analysis forest plot on non-randomized trials comparing peri-operative complication rates amongst simultaneous and staged
bilateral total knee arthroplasty procedures.
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Fig. 4. Meta-analysis forest plot on non-randomized trials comparing peri-operative infection rates amongst simultaneous and staged bilateral
total knee arthroplasty procedures.
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validates the publication date as a source of heterogeneity for
deep vein thrombosis events.

The incidence of peri-operative infection events in the su-
perficial and deep infection subgroups was higher in the staged
treatment arm; however, this finding was not statistically signif-
icant (Fig. 4). Peri-operative Infection rates were divided into
two primary subgroups; superficial knee infections and deep
knee infections. Six studies [15, 16, 19, 21, 28, 36] provided
information about the incidence superficial knee infection and 5
studies [4, 9, 19, 28, 36] provided information about deep
infection. Two studies [16, 36] reported zero superficial and
deep infection events following simultaneous and staged BTKA.
The risk ratios amongst individual studies varied from 0.38 to
1.04 for superficial infection and 0.69 to 1.14 for deep infection.
Approximately 0.43% of patients in the simultaneous treatment
arm and 0.81% of patients in the staged treatment arm had a
superficial infection event. Deep knee infection rates were also
similar amongst both groups, affecting 0.75% of patients in the
simultaneous arm and 0.90% of patients in the staged arm.
Analysis of the results across studies illustrates no increased risk
of superficial knee infection following simultaneous or staged
BTKA procedures (RR 0.86, 95% CI 0.30-2.50, p=0.79,
P=0%, n=5,242 patients). It should be noted that when data
was stratified according to year of publication, the pooled results
from the two studies [15, 19] published before the year 2000
trended towards a higher rate of superficial infections when
using staged BTKA; however it was still non-significant (RR
0.56, 95% CI 0.07-4.28, p=0.58, F=0%, n=362). The two
studies [28, 36] published after the year 2000 reported virtually
no difference between the two groups (RR 1.01, 95% CI 0.29—
3.54, p=0.98, P=0%, n=4880). This difference may have been
due to the variety of changes such as those in surgical procedure
and perioperative care which may have decreased the rate of
superficial infections. The risk ratio calculated for the risk of a
deep infection event in either comparison group was non-
significant (RR 0.79, 95% CI 0.28-2.25, p=0.97, P=0%
n=4716 patients). This is once again consistent with the results
from the excluded prospective study [14]. There was no
evidence of heterogeneity in either subgroup. No differences
were observed when data was stratified according to time of
publication.

Discussion

The purpose of this review was to provide insight about the
benefits and risks associated with surgical techniques used
for the treatment of bilateral degenerative knee conditions.
This review focuses on the incidence of mortality, peri-
operative complications, and infection rates following si-
multaneous and staged bilateral TKA. The results of our
review suggest a decreased risk of mortality following
staged procedures at 30 days, 3 months and 1 year after
surgery. However, the results suggest that the two proce-
dures are comparable with regards to complication and
infection rates. More specifically, there significant differ-
ences were not observed in cardiac complications, pulmo-
nary embolism, deep vein thrombosis and superficial/deep
infection.
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The findings of our study indicate a reduced risk of mor-
tality following staged procedures. The higher risk of mortal-
ity in the simultaneous group may be due to the invasive
nature of the procedure when compared to staged surgery
(two knees simultaneously versus one knee at a time). While
the analysis of mortality rates displays a clear advantage for
staged procedures, it is important to remember that patients
categorized in the staged group must survive the first operation
in order to receive the next one. In addition, several other
patient related factors associated with age may affect the
mortality rate at 1 year. Second, when staged procedures are
performed over longer periods of time, patients may die in
between both procedures. These patients are considered uni-
lateral TKA patients in a majority of analyses which may not
be true as they may display bilateral symptoms. Furthermore,
surgeons may decide not to perform the second staged proce-
dure on patients who experienced significant complications
following the first procedure. This adds additional bias to the
results and limits the validity of the findings.

Our findings in this review must be interpreted with
caution due to the methodological limitations of this study.
The results of this review are based upon the pooling of
results across various retrospective studies. Results were
pooled across similar study subgroups when possible to
ensure homogeneity across study designs. The pooling of
studies also allows for an increased sample size and higher
statistical power when determining effect size. Limitations
of this study include the use of retrospective studies in the
meta-analysis. Three of these studies [22, 29, 33] include
registry data (Swedish Arthroplasty Registry, Medicare pop-
ulation) with large patient populations, which significantly
increase their weight in the pooled results. Thus, the pooled
risk ratio calculated in the different subgroups may be driven
by the results of a select few trials. Moreover, retrospective
studies are prone to publication, attrition and selection bias
which can affect the validity of the results. The use of
unadjusted results in the meta-analysis affects the compar-
isons made across different studies due to the lack of infor-
mation available about pre-operative and post-operative
status for patients in each treatment arm. Variations in sur-
gical technique, pre-operative and post-operative care pro-
tocols across different institutions may also increase
confounding across the pooled results. Furthermore, most
of the studies included in this review performed staged
procedures across a variety of intervals, ranging from
3.6 days to 5.9 years. The staging of procedures over these
intervals may lead to a variety of confounding factors, such
as increased patient age, level of recovery from the first
procedure and differences in surgical technique. Additional-
ly, a majority of studies did not specify differences between
sequential bilateral total knee arthroplasty and simultaneous
bilateral total knee arthroplasty performed under one anaes-
thetic. Lastly, this review only accounts for major compli-
cations that were consistently reported in the literature.
Further research must be conducted to evaluate minor com-
plications amongst simultaneous and staged procedures.

A recent meta-analysis conducted by Restrepo and col-
leagues [27] measured outcomes similar to the ones reported
in this study. The results of their review suggest a higher risk



58

of cardiac events and mortality following simultaneous bi-
lateral total knee replacement when compared to unilateral
and staged bilateral total knee replacement. The study also
reports no increased risk of deep vein thrombosis or pulmo-
nary embolism in either comparison group. The results of
our study strengthen the conclusions of Restrepo and col-
leagues [27] by introducing an additional 41,432 patients to
the mortality estimate and 33,939 patients to the peri-oper-
ative complications estimate, which increases the sample
size and allows for the calculation of a more robust effect
size. Our study also adds to the results of Restrepo’s meta-
analysis by examining infection rates and revision surgeries
amongst both comparison groups.

Another recent meta-analysis conducted by Hu and col-
leagues also found similar results to our findings [13]. They
reported that 30-day mortality and rates of neurological
complications was significantly in higher in patients that
received simultaneous total knee arthroplasty. In addition,
similar to our findings, they found no significant difference
in complication rates between the two groups.

In conclusion the findings of our study suggest that
SBTKA procedures are associated with a higher risk of
mortality at 30 days, 3 months and 1 year after surgery when
compared to StBTKA. However, there are no significant
differences between the two groups in regards to in-hospital
mortality. The risk of peri-operative complications including
deep vein thrombosis, pulmonary embolism, cardiac com-
plications and infection rates is similar between simulta-
neous and staged groups. The results of the review must be
interpreted with great caution due to the use of non-random-
ized retrospective studies in the primary meta-analysis and
due to the limited number of studies included in each out-
come. The results of this review bring to light the significant
lack of evidence on this important topic. Further research
must be conducted — in the form of a randomized clinical
trial—to evaluate the outcomes mentioned in this review.
Additionally, studies must also be conducted to determine
the ideal range for performing a staged procedure (i.c.,
peri-operative stay or staged at 8 months). Information
about quality of life and patient satisfaction following
surgery may provide insight into the patient’s experience
with these two common knee replacement procedures.
Comparing this information with resource implications
and cost-analysis data will allow patients, surgeons and
health care professionals to make informed decisions
when weighing the benefits and risks of simultaneous
and staged bilateral TKA.
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