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Abstract
Background: Cardiac complication represents a major cause of morbidity and mortality after total joint arthroplasty,
thus necessitating investigation into the associated risks in total hip arthroplasty and total knee arthroplasty. There
remains a lack of clarity for many risk factors in the current literature. The aim of this systematic review is to assess
the most recent published literature and identify the risk factors associated with cardiac complication in total hip
arthroplasty and total knee arthroplasty.
Methods: Scopus, PubMed, CINHAL, and Cochrane were searched to identify studies published since 2008 reporting
on risk factors associated with cardiac complication in elective primary in total hip arthroplasty and total knee
arthroplasty in patients ≥18 years old with osteoarthritis. Reported odds ratios, hazard ratios, and relative risk were the
principal summary measures collected. The included studies were too heterogeneous to enable meta-analysis.
Results: Fifteen studies were included in this systematic review. Increasing age and history of cardiac disease were
found by most studies to be positively associated with risk of cardiac complication. There was no strong association
found between obesity and cardiac complication. The evidence for other risk factors was less clear in the examined
literature, although there is suggestive evidence for male gender and cerebrovascular disease increasing risk.
Conclusions: Increasing age and history of cardiac disease increases the risk of cardiac complication after total hip
arthroplasty and total knee arthroplasty. Other risk factors commonly attributed to increased risk in non-cardiac surgery
including hypertension and obesity require further evaluation in arthroplasty.
Systematic review registration: A detailed protocol was published in the PROSPERO database (registration number
CRD42018095887) for this systematic review.
Keywords: Cardiac, Arthroplasty, TKA, THA, Risk factor, Complication

Introduction
Total hip arthroplasty (THA) and total knee arthroplasty
(TKA) is the definitive surgical treatment for osteoarthritis
(OA) of the hip and knee to improve quality of life, alleviate pain, and enhance function [1–3]. It is predicted that
by 2030, there will be a 174% and 673% growth for THA
and TKA respectively, with a projected 4 million total
joint arthroplasties (TJA) annually in the USA [4–6].
Although TJA is considered a relatively safe procedure
with reported rates of major cardiac complication as low
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as 0.2 to 0.8%, this risk becomes increasingly significant
when considering the substantial increase in arthroplasties
expected in the future [7–11]. Cardiac complication represents a major cause of morbidity and mortality after TJA
and is associated with increased hospital mortality, increased length of stay, increased non-cardiac events,
and increased health expenditure [7, 12–15]. Therefore, there is a growing imperative to understand the
risks contributing to cardiac complications associated
with THA and TKA.
With advances in medical care increasing life expectancy combined with sedentary lifestyles, the TJA population is increasing in age and comorbidity, particularly
obesity and diabetes [16–18]. This poses an evolving
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challenge in TJA; to navigate the increasing rate of
arthroplasty procedures in a population with greater cardiovascular risk. In anticipation of this, there has been a
surge of literature in the last decade to identify patient
risk factors that predispose to cardiovascular complication. Nonetheless, there remains a lack of consensus and
clarity for many risk factors.
Previous systematic reviews have focussed on identifying peri- and post-operative complications associated
with TJA [19–25]. Risk factors for one specific complication, venous thromboembolism, were discussed in a review by Zhang et al. [19]; however, to the best of our
knowledge, there are no systematic reviews specifically
exploring the risk factors which contribute to major cardiac complications in THA and TKA. Therefore, the
aim of this systematic review is to assess the most recent
published literature and identify the risk factors associated with cardiac complication in THA and TKA.
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examining the risk of cardiac complication associated
with medication exposures, such as the use of
anti-thrombotic agents and beta-blockers prior to surgery, were also excluded for the purpose of this analysis.
Cardiac complication was defined in this review as cardiac arrest (CA), myocardial infarction (MI), or
new-onset arrhythmia, occurring within 90 days of THA
or TKA. Articles which reported on general outcomes
such as increased length of hospital stay or major complication without exploring the specific associations between a risk factor and cardiac complication were
excluded. Literature that was not available in the English
language, studies involving animal models, and levels IV
and V evidence papers were also excluded.
Titles and abstracts were screened by two independent
investigators (YE, IJ), and following exclusions, full-text
articles were reviewed for eligibility. If two investigators
could not reach a consensus on inclusion, a third investigator (HL) was involved in the final determination.

Materials and methods
Search strategy

Data extraction

This systematic literature review was performed in accordance with the preferred reporting items for systematic review and meta-analysis (PRISMA) guidelines (see
Additional file 1) [26]. Prior to commencing the study, a
detailed protocol was published in the PROSPERO database (registration number CRD42018095887). Four databases including Scopus, MEDLINE/PubMed, CINAHL,
and the Cochrane Library were searched on 13th of
May, 2018 for the following search terms: (heart OR
myocard* OR cardi*) AND (arthroplasty OR “joint replacement” OR “knee replacement” OR “hip replacement”) AND (risk OR complication OR adverse OR
problem OR event OR issue OR mortality OR morbidity) AND (factor* OR characteristic* OR predispos* OR
predic* OR profile). The following MeSH terms were
also included in our search: Arthroplasty, Cardiology,
Orthopaedics, and Risk Factors. Manual searches were
also performed through hand searching the reference
lists of included articles.

Data extraction was performed using a pre-defined excel
spreadsheet, which was prepared and agreed upon by
three independent authors (YE, IJ, HL). Extracted data
included information on study characteristics, patient
demographics (age, gender, procedure) and comorbidities (cardiovascular and non-cardiovascular), as well as
incidence of cardiac complication in each study.
Reported odds ratios (OR), hazard ratios (HR), and relative risk (RR) were the principal summary measures collected to determine the association between studied risk
factors and cardiac complication. Only significant values
will be reported in this review, with statistical significance set as p < 0.05. Data on the definitions of cardiac
complication and the length of follow-up was also extracted. Where possible, sub-group analysis between
TKA and THA was collected to compare these cohorts
in the analysis. Following data extraction, the included
studies were too heterogeneous and therefore a
meta-analysis was not conducted.

Study selection

Study quality assessment

This review included studies that explored specific risk
factors for cardiac complication associated with elective
primary THA and TKA in patients ≥18 years old. Studies involving other types of arthroplasty or concerning
revision THA or TKA were excluded. Only studies published from 2008 onwards were considered, and studies
were excluded if more than 50% of their study population were operated on prior to 2008. This review only
included studies in which the indication for TJA was
osteoarthritis and excluded those with fractures, inflammatory, or autoimmune disease (rheumatoid arthritis,
ankylosing spondylitis, psoriatic arthritis etc.). Studies

A quality assessment tool was specifically developed for
this review based on two existing appraisal tools: the
Newcastle–Ottawa Scale and the Evidence-Based Library
Appraisal Checklist (Additional file 2: Table S1) [27, 28].
Our tool included 25 questions, which assessed study
methodology, population selection, diagnosis, and reporting of cardiac complications, as well as the level of analysis
between THA and TKA cohorts. Two authors (YE and IJ)
who were blinded from study identifiers (title, author, and
journal) conducted the quality assessment. Any discrepancies of two or more points led to review by a third author
(HL) and discussion until consensus was achieved. All 25
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questions were equally weighted and individual scores
were calculated based on the number of ‘YES’ answers. The final score was calculated as a percentage
of the number of answerable questions. Studies that
scored < 80%, 80–89%, and > 90% were deemed of
low, moderate, and high quality, respectively.

Results
Selection of included studies

The systematic search identified 2544 articles (Fig. 1).
Following removal of duplicates, 1809 articles remained
for screening. The majority of articles were excluded for
arthroplasty other than primary THA or TKA (revision,
shoulder, ankle, or elbow arthroplasty), indications other
than osteoarthritis, and studies primarily concerned with
infection or thrombo-embolic disease. Sixty-seven
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full-text articles were evaluated; 33 were excluded because they did not report any association between risk
factors and cardiac complication, 9 included arthroplasties other than primary TJA for osteoarthritis, 4 in which
> 50% of surgeries occurred prior to 2008, 3 for lack of
specific risk factor analysis, and 3 for follow-up times
beyond 90 days and population age outside of the inclusion range (Fig. 1). A total of 15 articles were eligible for
inclusion in this systematic review, with a publication
range from 2014 to 2018.
Description of included studies

All studies included in this series were retrospective in
nature (Table 1) with the exception of Abdel et al.,
which utilised a prospective design [29]. Fourteen studies were classified as level III evidence, reflecting the

Fig. 1 PRISMA flowchart. A total of 2544 studies were evaluated for an association between patient risk factors and cardiac complication. Titles
and abstracts were assessed, and 67 full-text articles were eligible for evaluation. Fifty-two articles were excluded, and 15 articles remained for the
final systematic review
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Table 1 Study characteristics
Year Country

Range of
data set

Evidence
level

Data source

Unilateral
vs. bilateral

Cardiac complication Follow-up Main risk factors
studied
period
studied

Single cohort (TKA or THA) studies
Fu [33]

2017 USA

2005–2 013 III

NSQIP

N/R

CA or MI

30 days

BMI and albumin
concentration

Curtis [32]

2018 USA

2008–2014

III

NSQIP

N/R

CA or MI

30 days

Heart failure

Chamieh [35]

2016 USA

2008–2012

III

NSQIP

Unilateral

CA or MI

30 days

Pre-operative
anaemia

Godoy [31]

2016 USA

2013–2015

III

Oschsner Clinic

Unilateral

MI or arrhythmia

90 days

Pre-operative ESR
and CRP levels

Abdel [29]

2014 USA

2007–2010

II

Joint Replacement Unilateral
Registry

MI

I/H

BMI

Meller [34]

2016 USA

2011–2013

III

Medicare inpatient Unilateral
MI
claims
and bilateral

90 days

BMI

Mellerγ [17]

2016 USA

2010–2014

III

Medicare
inpatient claims

Unilateral
MI
and bilateral

90 days

BMI

Combined (THA and TKA) cohorts
Waterman [12]

2016 USA

2012–2013

III

NSQIP

Unilateral

MI and CA
(requiring CPR)

30 days

Age, hypertension
and cardiac
disease

Robinson [6]

2017 USA

2012–2013

III

NSQIP

N/R

MI or CA

30 days

Gender

Feng [4]

2018 China

2005–2015

III

Hospital Joint
Arthroplasty
Registry

Unilateral
MI or arrhythmia
and bilateral

30 and
90 days

Coronary artery
disease and
revascularisation

Thornqvist [8]

2014 Denmark 2005–2011

III

Danish National
Patient Register
and Danish
Anaesthesia
Register

N/R

MI or cardiac
mortality

30 days

BMI

Menendez [11]

2015 USA

2008–2011

III

NIS

N/R

MI

I/H

Elixhauser
comorbidity index
variables and CAD,
COPD, CVA,
dementia

Shah [7]

2017 USA

2011–2014

III

NSQIP

N/R

MI or CA

30 days

TKA and THA

Belmont [5]

2014 USA

2006–2011

III

NSQIP

Unilateral

MI or CA

30 days

Many medical
comorbidities and
patient
characteristics

Anoushiravani [30] 2016 USA

2006–2012

III

NIS

N/R

Cardiac
complications

I/H

Underweight
patients

Study characteristics were collected for each included study, including publication year, country of origin, and data source. Unilateral procedures were
distinguished from bilateral procedures when possible and the period of follow-up post-operatively specified. The range of data set encompasses the period in
which included arthroplasty procedures were performed, and the specific cardiac complication studied was also included. CA cardiac arrest, MI myocardial
infarction, CPR cardiopulmonary resuscitation, BMI body mass index, N/R not reported, NSQIP National Surgical Quality Improvement Program database, NIS
Nationwide Inpatient Sample, CAD coronary artery disease, COPD chronic obstructive pulmonary disease, CVA cerebrovascular disease, I/H in-hospital follow up
(prior to discharge). γ = This is the only single cohort study that examined THA; the remainder of single cohort studies consisted of TKA

majority of cohort studies, whilst one was level II [29].
Many of the studies derived their study population from
shared databases, such as the American College of Surgeons National Surgical Quality Improvement Program
(ACS NSQIP) database, National Inpatient Sample
(NIS), Medicare in-patient claims data, and other joint
registries. A total of 8 of 15 articles included both THA
and TKA study populations, 6 used TKA cohorts and 1

used THA (Table 1). Five studies included only unilateral TJA, three included both unilateral and bilateral
procedures, and seven studies did not specify between
unilateral and bilateral procedures.
Seven studies followed patients for 30 days after TJA,
four included a 90-day postoperative follow-up period,
and four only reported in-hospital complications
(Table 1). MI was assessed by 14 studies, CA in 7, and

Elsiwy et al. Journal of Orthopaedic Surgery and Research

(2019) 14:15

arrhythmia in only 2. Authors in one study [30] did not
specify which cardiac complication they evaluated. Risk
factors evaluated by the included studies included modifiable and non-modifiable patient factors, comorbidities,
and surgery type (Table 1).
Across the 15 studies, study populations ranging in age
between 18 and > 85 years old were included; most studies
reported an average age of mid-to-late 60s (Table 2). The
total number of study participants cannot be accurately
identified due to a high likelihood of duplicate study populations. In 13 studies, TJA cohorts were predominated by
the female gender (Table 2), whilst two studies did not
provide gender-specific information of the total cohort in
their primary text [5, 31]. The most common arthroplasty
procedure in this series was TKA, with the exception of
two studies [17, 30].
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Risk of bias of the included studies

The inter-observer agreement on the quality of included
studies ranged between 90 and 100%. Out of 15 articles
included in this review, only 2 were deemed high quality,
11 were moderate quality, and 2 were low quality according to the appraisal tool used (Additional file 2:
Table S1). Study quality was mainly limited by the use of
study populations derived from large shared databases,
the lack of specificity surrounding TJA details (indication, unilateral vs. bilateral), and failure to discuss definitions of the studied cardiac complication in relation to
an accepted guideline.
Association between risk factors and cardiac complication

The incidence of cardiac complication ranged from 0.07
to 3.0% across the studies [4, 7]. Several comorbidities

Table 2 Study demographics
Author

Total number of participants

Age range (years)

Female (%)

Fu [33]

34,800

18 to > 80

63.2%

Curtis [32]

111,624

N/R

Control 63%
Heart failure 55%

Chamieh [35]

41,334

18 to > 80

No anaemia 64.1%
Any anaemia 62.5%

Godoy [31]

317

40 to 91

N/R

Abdel [29]

4718

Not specified

Obese 65.7%
Non-obese 54%

Meller (TKA) [34]

585,127

65 to > 85

Normal weight 62%
Morbidly obese 75%
Super obese 82%

Meller (THA) [17]

432, 841

65 to > 85

Normal 62%
Morbidly obese 68%
Super obese 77%

Single cohort (TKA or THA) studies

Combined cohort (TKA and THA) studies
Waterman [12]

34,066

N/R

TKA 63%
THA 56%

Robinson [6]

54,502

18 to > 75

TKA 62.3%
THA 54.9%

Feng [4]

4414

38 to 82

72%

Thornqvist [8]

34,744

59 to 82

59%

Menendez [11]

3,096,791

< 45 to > 85

No AMI 60.5%
AMI 49.5%

Shah [7]

45,943

N/R

THA 49%
TKA 53%

Belmont [5]

46,322

N/R

THA + THA 60.5%

Anoushiravani [30]

4865

N/R

THA
Normal 85.7%
Underweight 85.3%
TKA
Normal 78.0%
Underweight 78.5%

The number of participants in each study was included; however, it was not possible to calculate the total number of participants across studies due to a high
likelihood of duplicate studies (since many studies used similar databases). In the majority of studies, an age range of the study participants was specified; study
populations ranging between 18 and > 85 years old were included in this review. Female gender formed the majority of participants across most study groups.
N/R not reported; AMI acute myocardial infarction
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were investigated for an association with cardiac complication in THA and TKA. Age, gender, type of arthroplasty, history of cardiac disease, hypertension, chronic
pulmonary disease, diabetes, and obesity were thoroughly evaluated in our series (Table 3). Other risk factors including renal failure, malnutrition, anaemia,
alcohol abuse, cerebrovascular disease, and smoking history were discussed, though reported to a lesser extent
(Table 3).
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2.29–6.61; p < 0.001 and OR 3.72; CI 95% 1.53–9.06; p
= 0.0001, respectively) [5, 12]. Menendez et al. similarly
reported an increased risk for patients aged 45–64 (OR
4.4; CI 95% 2.6–7.4; p < 0.001), 65–84 (OR 6.5; CI 95%
3.8–11.0; p < 0.001), and > 85 (OR 9.4; CI 95% 5.5–16.1;
p < 0.001) [11]. Conversely, Feng et al. did not show any
association between age and cardiac complication
(Additional file 3: Table S2) [4].
Gender

Age

Six studies reported on the relationship between age
and cardiac complication (Additional file 3: Table S2)
[4, 5, 7, 8, 11, 12]. For age ≥ 80 years, both Waterman
et al. and Belmont Jr. et al. reported increased odds of
cardiac complication in both TKA (OR 1.85; 95% CI
1.23–2.79; p = 0.003 and OR 27.95; CI 95% 2.01–388.93;
p = 0.0016, respectively) and THA (OR 4.39; 95% CI

The influence of gender on the risk of cardiac complication in TJA was also assessed in six studies
(Additional file 3: Table S2) [4–8, 11]. Robinson et al.
found that female gender was a protective factor for
myocardial infarction in both THA (OR 0.54; 95% CI
0.40–0.75; p < 0.001) and TKA (OR 0.59; 95% CI 0.45–
0.76; p < 0.001) [6]. In contrast, male gender was associated with increased risk of MI in THA (OR 1.84; 95% Cl

Table 3 Number of studies examining each risk factor and the proportion of positive, negative, and insignificant associations found
Risk factors

Studies reporting on a risk factor for cardiac complication after THA or TKA
N

p ≤ 0.05

p > 0.05

+

−

~

Age

6

4

−

2

Male

6

2

−

4

Female

6

–

1

4

TKA

4

1

−

2

THA

4

2

−

2

Unilateral

−

–

−

−

Bilateral

1

1

−

−

History of cardiac disease

5

4

−

1

CHF

4

2

−

2

Valvular disease

1

1

−

−

PVD

3

1

−

2

CAD

3

2

−

1

Hypertension

4

2

1

1

Chronic pulmonary disease

4

–

1

3

Diabetes

4

2

−

2

Renal failure

4

1

−

3

Obesity

8

1

−

7

Malnutrition

1

1

−

−

Anaemia

3

1

−

2

Alcohol abuse

1

−

1

−

CVD

4

2

−

2

Smoking history

1

1

−

−

ASA score > 2

2

1

−

1

The number of studies examining each risk factor and their association with cardiac complication in THA and TKA, and the number which showed a significant
(p ≤ 0.05) positive and negative association. Studies, which studied a given risk factor but did not show any significant association (p > 0.05), are also identified.
CHF congestive heart failure, PVD peripheral vascular disease, CAD coronary artery disease, CVD cerebrovascular disease, ASA American Society of
Anaesthesiologists. N number of studies examining this risk factor; + studies showing a positive and significant association; − studies showing a negative,
significant association; ~ insignificant result
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1.34–2.52; p < 0.001) and TKA (OR 1.71; 95% Cl 1.31–
2.22; p < 0.001). Menendez et al. noted similar findings for
male gender as a risk (OR 1.4; CI 95% 1.4–1.5; p < 0.001)
[11]. Feng et al., Shah et al., and Belmont Jr. et al. did not
find a statistically significant predictive value of gender for
cardiac complication post-TJA (Additional file 3: Table S2)
[4, 5, 7].
History of cardiac disease

Seven articles explored the relationship between a history of cardiac disease and post-operative cardiac complication [4, 5, 7, 8, 12, 32], with all seven reporting a
positive association (Additional file 4: Table S3). The
strongest association was shown by Feng et al. who
found that a history of MI was associated with a significantly increased odds ratio for cardiac complication following TJA (15.1, 95% Cl 4.1–56.3; p < 0.001) [4].
Congestive heart failure and coronary artery disease
were found to be predictive risk factors for cardiac complication in two studies [11, 32], with the study by
Menendez et al. also identifying an association with peripheral vascular and valvular disease (Additional file 4:
Table S3) [11].
Obesity

Of 15 articles in this series, 8 investigated the effect of
obesity on cardiac complication post-TJA (Additional file
4: Table S3) [4, 7, 8, 17, 29, 30, 33, 34]. Feng et al. reported that study participants with BMI ≥ 30 were at
greater risk of cardiac complication (OR 2.477; Cl 95%
1.17–5.21; p = 0.017) [4]. None of the other seven studies
demonstrated a statistically significant relationship between obesity and cardiac complication associated with
THA and TKA (p > 0.05). Conversely, Anoushiravani et
al. and Thornqvist et al. suggested a possible relationship
between underweight patients undergoing TJA and cardiac complication; however, a p value was not reported
(Additional file 4: Table S3) [8, 30].
Hypertension

The effect of hypertension on risk of cardiac complication
was analysed in four studies (Additional file 3: Table S2)
[5, 7, 11, 12]. Belmont Jr. et al. reported statistically significant associations for both TKA (OR 4.74; CI 95% 1.04–
21.59; p = 0.044) and THA (OR 2.59; CI 95% 1.07–6.23;
p = 0.0341) [5]. Similar findings were demonstrated by
Waterman et al. for TKA (OR 2.14; 95% CI 1.30–3.52;
p = 0.003) and THA (OR 1.82; 95% CI 1.09–3.03; p =
0.02) [12]. In contrast, Menendez et al. found that
hypertension was not associated with increased risk of
cardiac complication (OR 0.9; CI 95% 0.8–1.0; p =
0.003) [11], whilst Shah et al. similarly found no effect
for this risk factor (Additional file 3: Table S2) [7].
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Diabetes

Four studies examined an association between diabetes and cardiac complication (Additional file 3:
Table S2) [5, 7, 8, 11]. Belmont Jr. et al. found that
for TKA, diabetes was positively associated with
post-operative cardiac complications (OR 2.62; CI
95% 1.41–4.87; p = 0.0023); however, the results were
not significant for THA [5]. Menendez et al. discussed cardiac complication in relation to complicated
and uncomplicated diabetes, with both shown to be associated (OR 1.1; CI 95% 1.1–1.2; p < 0.001 and OR 1.2; CI
95% 1.0–1.3; p < 0.04, respectively) [11]. No relationship
between diabetes and cardiac complication was found by
Shah et al. (Additional file 3: Table S2) [7].
Type of arthroplasty (THA vs. TKA)

Differences between THA and TKA in relation to cardiac
complication were examined in four of the studies
(Additional file 3: Table S2) [4, 7, 8, 11]. In comparison to
TKA, Menendez et al. showed that THA was a better predictor for post-operative cardiac complication (OR 1.3; CI
95% 1.3–1.4; p < 0.001) [11]. Shah et al. found increased
risk of MI and CA in both THA and TKA populations
compared with knee arthroscopy controls (OR 2.61; CI
95% 1.46–4.69; p = 0.001 and OR 1.98; CI 95% 1.08–3.62;
p = 0.03, respectively) (Additional file 3: Table S2) [7].
Other risk factors

Feng et al. found no difference in cardiac complication
risk for TKA and THA, although the authors did identify
simultaneous bilateral procedures as a greater predictor of
cardiac events than unilateral arthroplasty (OR 1.57; Cl
95% 1.074–2.294; p = 0.02) (Additional file 4: Table S3)
[4]. Whilst one study reported an odds ratio of 1.1 (CI
95% 1.0–1.2; p < 0.006) for the association between renal
failure and cardiac complication [11], Shah et al. and
Belmont Jr. et al. found no significant association
(Additional file 3: Table S2) [5, 7]. Four studies examined
the effect of cerebrovascular disease; however, only two
studies demonstrated statistically significant results [5, 7,
8, 11]. Menendez et al. and Belmont Jr. et al. concluded
that cerebrovascular disease increased the risk of post-TJA
cardiac complication (OR 2.3; CI 95%, 2.0–2.6; p < 0.001
and OR 2.20; CI 95% 1.02–4.75; p = 0.0441 [THA population], respectively) (Additional file 4: Table S3). Four
studies also examined chronic pulmonary disease as a risk
factor for cardiac complication [5, 7, 8, 11]. Menendez
et al. reported an odds ratio of 0.8 (CI 95% 0.7–0.8; p <
0.001) for an acute MI, whereas Shah et al. and
Belmont et al. did not show an association (Additional
file 3: Table S2). Malnutrition, defined as an albumin
level < 3.5 g/dL, and adjusted for BMI, was associated
with greater risk of cardiac complication in the study
by Fu et al. (OR 2.23; CI 95% 1.21–4.12; p = 0.010) [33].
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Out of three studies examining anaemia and cardiac
complication, only Menendez et al. showed statistical
significance (OR 1.4; CI 95% 1.3–1.5; p < 0.001) [5, 11,
35]. Smoking history was only examined by Shah et al.
who found a significant association with cardiac complication in a THA population (OR 2.56; CI 95% 1.34–
4.91; p = 0.005) [7]. Finally, of the two studies that
employed the American Society of Anesthesiologists
(ASA) scoring system, only Shah et al. demonstrated an
association [5, 7]. In their analysis of the effect of ASA
3 to 4 in both THA and TKA, only the TKA population
was significantly predictive of cardiac complication (OR
2.47; CI 95% 1.28–4.74; p = 0.007) [7].

Discussion
The projected rise in hip and knee arthroplasty in the
next decade has emphasised the importance in understanding the risks and complications associated with
these procedures [4–6]. Myocardial infarction, cardiac
arrest, cerebrovascular accidents, deep vein thrombosis,
pulmonary embolism, and acute renal failure are major
complications known to be associated with THA and
TKA [36, 37]. Whilst current literature has extensively
evaluated and identified peri- and post-operative complications that can be expected with TJA, there is an overall
lack of evidence regarding patient risk factors associated
with development of complications, in particular, cardiac
complications. A previous systematic review identified
risk factors associated with venous thromboembolism in
TJA; however, the study by Zhang et al. did not specifically investigate post-operative cardiac complication,
therefore necessitating this review [19]. A thorough understanding of these risk factors will allow for better
pre-operative care to reduce the incidence of cardiac
complication in TJA. The reasons for limiting this systematic review to studies published in 2008 and onwards, as well as those with at least 50% of surgeries
occurring since 2008 are two-fold. Firstly, significant
improvements in surgical techniques [25, 38, 39], implant technology [39, 40], peri-operative [41] and
post-surgical management [40], changes in anaesthetic
practices [42–45], and the introduction of ‘fast-track’ hip
and knee arthroplasty [42, 44, 46] and same-day bilateral
arthroplasty have occurred over the past decade [47].
Secondly, THA and TKA are increasingly performed in
older patients as life expectancy increases [14, 39, 41], and
those with a greater burden of medical comorbidities including obesity, diabetes, and hypertension [5, 43, 48].
Thus, we focused our investigation to the past decade
in order to comprehensively assess current cardiac
complications in THA and TKA and relationships to
patient risk factors.
In our series, Shah et al. reported the lowest incidence
of cardiac complication (0.07%), within a patient group
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containing no reported risk factors [7]. Conversely, Feng
et al. reported the highest complication rate of 3.0%,
which is likely attributable to their study population,
which contained a greater proportion of coronary artery
disease patients [4]. The majority of studies reported incidences of cardiac complication between 0.2 and 0.8%,
which is similar to that previously reported in the literature [7]. Of the risk factors analysed, age and history of
cardiac disease demonstrated the most consistent relationship with cardiac complication following THA or
TKA. The majority of studies examined in the current
review reported a positive association with these risk factors and peri- and post-operative cardiac complication
(Additional files 3 and 4: Tables S2 and S3) [4, 5, 7, 11,
12, 32]. This highlights the importance of age and history of cardiac disease in the pre-operative screening of
THA and TKA patients. Obesity was not identified as a
risk factor for cardiac complication post-TJA in this series
[7, 17, 29, 33, 34]. These findings are of interest to orthopaedic surgeons who are anticipating a more obese patient
demographic for arthroplasty in the future [29, 49].
Interestingly, we report a potential relationship between
cardiac complication and underweight patients [8, 30],
which warrants further investigation. For additional,
lesser-reported risk factors that were analysed in the
current review (i.e., bilateral arthroplasty, renal failure,
cerebrovascular disease, anaemia, smoking history, and
ASA class), the reviewed literature suggests some association. As many of these factors are well-established risk
factors for cardiac complication following non-cardiac
surgery [50], further research will be necessary to better
determine these associations following THA and TKA.
Findings were less clear for other highly reported risk
factors such as gender, hypertension, diabetes, and type
of arthroplasty, due to greater discrepancy between studies. These inconsistencies were surprising given that
gender, hypertension, and diabetes are considered classical cardiovascular risk factors in non-cardiac surgery
[13, 50]. For diabetic patients, previous studies have also
reported a statistically significant increased risk of MI
following arthroplasty; however, these did not meet the
inclusion criteria for this review [18, 51]. The inconclusive results in the current review with respect to these
particular risk factors may reflect the changes and improvements in arthroplasty previously mentioned, and/
or improved management of these risk factors, particularly diabetes and hypertension. However, further investigation is required to better understand the factors
contributing to these variances.
Our findings must be considered in the context of the
quality of the included studies, together with the wider
literature. As evidenced by the results of our appraisal
tool (Additional file 2: Table S1), the majority of studies
in this series were of moderate quality and multiple
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limitations were identified that potentially contributed to
the discrepancies in results between studies. A commonly encountered limitation in this series was the lack
of consistency in study design. For example, although
Shah et al. identified significant associations, their study
design must be carefully considered for accurate interpretation of data. A knee arthroscopy (KA) population
was used as a control cohort with the presumption that
KA is a lower risk treatment alternative for osteoarthritis. However, this view is controversial in the current
literature [7]. Similarly, in their study of BMI and cardiac
complication, Thornqvist et al. included overweight patients (BMI 25 to 30) as a reference for all analysis [8],
rather than patients within a normal BMI range as is
typically used in the literature. Additionally, although
Thornqvist et al. and Anoushiravani et al. report a possible
relationship between underweight patients and the risk of
cardiac complication in TJA, accurate interpretation is impaired by the absence of a reported p value [8, 30]. Furthermore, many of the studies used shared databases, such
as the NSQIP and the NIS. Whilst these databases have
allowed access to a large volume of data and assisted in
developing established pre- and post-operative risk stratifications models, there are limitations when used for analyses. For example, the NSQIP only includes data to 30
days after a surgical procedure and contains limited information regarding several comorbidities [52]. Similarly, the
NIS only records inpatient events, does not allow for longitudinal tracking of patients, and does not facilitate distinction between comorbidities from complications [52].
In light of this, not all cardiac events would be identified
by studies in this series and some risk factors may be unaccounted for.
To reduce the confounding effect of other disease processes (e.g. rheumatoid arthritis), this review excluded
studies that grouped both OA and non-OA patients without adequate sub-analysis. Despite this, all studies included
in our series, except four [4, 29, 32, 33], did not specify an
indication for TJA and therefore the effect of cofounders
cannot be accurately considered. This influences the reliability of the results, which may not adequately reflect the
interaction between particular risk factors and cardiac
complication. Similarly, many studies did not distinguish
between unilateral or bilateral arthroplasty despite different risk profiles of these two procedures [53]. This lack of
specificity is a shortcoming of the studies in this series, as
well as the current broader literature. Moreover, due to the
reliance on national databases for studies in this review,
few studies defined their cardiac outcomes (MI, CA, or
arrhythmia) to ensure consistency with the current guidelines. Across the various studies, risk factors and outcomes
were either poorly defined or defined differently, which
contributed to the heterogeneity of the data set and difficulty of conducting a reliable comparative analysis [33].
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Additional issues were identified in the broader literature with respect to the effects of many risk factors on
peri- and post-operative outcomes. The primary concern
encountered with these studies was a lack of further analysis to identify which risk factors were associated with a
given complication. This lack of detailed investigation is
unfortunate, particularly since in many cases the necessary
data was available. Many full-texts that were excluded discussed the relationship between risk factors and increased
hospital re-admission, length of stay, major complication
or mortality with little or no reference to the individual
complications. Although the findings of the current review
will help surgeons better understand the risks for patients
undergoing TJA, will assist pre-operative counselling of
patients, and will allow for better hospital resource allocation, the data does not provide sufficient guide for stratifying patients at greater risk of cardiac complication. It is
crucial that future studies provide more robust analysis in
order to better determine the association between patient
risk factors and post-arthroplasty cardiac complications.
Future studies should also investigate various combinations of risk factors, rather than analysing each factor as
an independent variable.
One of the major limitations of the current review is
the exclusion of potentially relevant studies and risk
factors due to the stringent inclusion/exclusion criteria
utilised. However, this was necessitated by the lack of
specificity in the current literature. Other important
risk factors not included in this series include obstructive sleep apnoea and atrial fibrillation. In a study of
530,809 patients, Memtsoudis et al. showed that sleep
apnoea was associated with greater odds of cardiac complication (adjusted OR 1.59; CI 95% 1.48–1.71; p < 0.001)
[54]. With an increasing prevalence of sleep apnoea, this
is an important area of future research [54, 55]. Chronic
kidney disease has also been shown to be a significant predictor of cardiac complication (OR 5.5; CI 95% 1.68–9.39;
p = 0.002), as has atrial fibrillation (OR 2.4; CI 95% 2.1–
2.8; p < 0.0046) [56, 57]. Therefore, it is evident that, whilst
this systematic review provides an extensive evaluation on
the current literature, there are several other relevant
studies, which did not meet our inclusion criteria. The exclusion of foreign language studies constitutes a language
bias in this review, whilst there is a potential selection bias
for studies utilising the large patient databases. Furthermore, publication bias resulting in only significant results
being published and/or being published earlier may result
in an over-representation of significant associations between risk factors and cardiac complications.

Recommendations
With the exception of age and history of cardiac disease, it
is apparent that additional risk factors for cardiac complications following TKA and THA require further
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investigation. Future studies should ensure risk factors,
and cardiac complications are defined consistently and
measured using validated tools. Currently, the majority of
the studies available in the current literature are retrospective in nature. More prospective studies may facilitate
better designed cohorts, avoiding the limitations of larger
databases and allowing for better conformity among studies. Lastly, for the literature to be applicable to the risk
stratification of TKA and THA patients, there is an imperative for more targeted studies that specifically attempt
to link risk factors to a cardiac complication (e.g. MI, CA,
or arrhythmia). Ultimately, data from such studies can
contribute to the development of pre-operative risk stratification models that allow for pre-operative optimisation,
and therefore, fewer cardiac complications. Whilst Waterman and colleagues have already attempted this successfully, other risk factors should be further evaluated to
make for a more comprehensive predictive tool [12].

Conclusion
As the rates of THA and TKA continue to rise, a
greater understanding about the risk factors for cardiac complication is necessary. From this systematic
review, older age, and history of cardiac disease can
be considered as the most consistently reported risk
factors for cardiac complication in the current literature. Interestingly, this review suggests that obesity
may not increase the risk of cardiac complication;
however, more robust analysis is required. The
current literature is inconclusive for other important
risk factors, including diabetes, hypertension, gender,
and history of smoking, and these therefore require
further investigation. More comprehensive, targeted
data can be achieved by using specifically tailored cohorts in which confounders, including arthroplasty indication, unilateral vs. bilateral, and cemented vs.
non-cemented prostheses, are adequately controlled
for. Ultimately, this data can be used in the development of an extensive pre-operative risk assessment
tool that can guide cardiology intervention to minimise cardiac complication post-THA and TKA.

Additional files
Additional file 1: PRISMA 2009 Checklist. (DOCX 22 kb)
Additional file 2: Table S1. Critical Appraisal Questionnaire. (DOCX 45 kb)
Additional file 3: Table S2. Summary of results of multivariate analysis
of age, gender, type of arthoplasty, diabetes, diabetes, chronic pulmonary
disease, renal disease, and hypertension, and relationship to cardiac
complication associated with THA and TKA. (DOCX 28 kb)
Additional file 4: Table S3. Summary of results of multivariate analysis
of obesity, history of cardiac disease, and cerebrovascular disease, and
relationship to cardiac complication associated with THA and TKA. (DOCX
36 kb)

Page 10 of 12

Abbreviations
ACS NSQIP: American College of Surgeons National Surgical Quality
Improvement Program; ASA: American College of Anesthesiologists;
BMI: Body mass index; CA: Cardiac arrest; CI: Confidence interval; HR: Hazard
ratio; KA: Knee arthroscopy; MI: Myocardial infarction; NIS: National Inpatient
Sample; OA: Osteoarthritis; OR: Odds ratio; PRISMA: Preferred Reporting Items
for Systematic Reviews and Meta-Analysis; RR: Relative risk; THA: Total hip
arthroplasty; TJA: Total joint arthroplasty; TKA: Total knee arthroplasty
Acknowledgements
The authors would like to acknowledge the valuable contributions of Dr. Jodie
Morris for editorial assistance, Mrs. Andrea Grant for administrative support, and
the Orthopaedic Research Institute of Queensland (ORIQL) and College of
Medicine and Dentistry, James Cook University for ongoing research support.
Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
Availability of data and materials
All data generated or analysed during this study are included in this
published article and its additional information files.
Authors’ contributions
YE, KH, and HL developed the research question and review design. YE, IJ,
and HL completed data collection and interpretation. YE drafted the paper,
which was edited and reviewed by HL, KD, and KH. All authors have read
and approved the final submitted manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Orthopaedic Research Institute of Queensland, Townsville, QLD, Australia.
2
College of Medicine and Dentistry, James Cook University, Townsville, QLD,
Australia. 3College of Healthcare Sciences, James Cook University, Townsville,
QLD, Australia.
Received: 20 October 2018 Accepted: 28 December 2018

References
1. Hawker GA, Badley EM, Croxford R, Coyte PC, Glazier RH, Guan J, et al. A
population-based nested case-control study of the costs of hip and knee
replacement surgery. Med Care. 2009:732–41.
2. Kim S. Changes in surgical loads and economic burden of hip and knee
replacements in the US: 1997–2004. Arthritis Care & Research. 2008;59(4):481–8.
3. Learmonth ID, Young C, Rorabeck C. The operation of the century: total hip
replacement. Lancet. 2007;370(9597):1508–19.
4. Feng B, Lin J, Jin J, Qian W, Cao S, Weng X. The effect of previous coronary
artery revascularization on the adverse cardiac events ninety days after Total
joint arthroplasty. J Arthroplasty. 2018;33(1):235–40.
5. Belmont PJ Jr, Goodman GP, Kusnezov NA, Magee C, Bader JO, Waterman
BR, Schoenfeld AJ. Postoperative myocardial infarction and cardiac arrest
following primary total knee and hip arthroplasty: rates, risk factors, and
time of occurrence. J Bone Joint Surg (Am Vol). 2014;96(24):2025–31.
6. Robinson J, Shin JI, Dowdell JE, Moucha CS, Chen DD. Impact of gender on
30-day complications after primary total joint arthroplasty. J Arthroplasty.
2017;32(8):2370–4.

Elsiwy et al. Journal of Orthopaedic Surgery and Research

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

(2019) 14:15

Shah CK, Keswani A, Boodaie BD, Yao DH, Koenig KM, Moucha CS.
Myocardial infarction risk in arthroplasty vs arthroscopy: how much does
procedure type matter? J Arthroplasty. 2017;32(1):246–51.
Thornqvist C, Gislason GH, Kober L, Jensen PF, Torp-Pedersen C, Andersson
C. Body mass index and risk of perioperative cardiovascular adverse events
and mortality in 34,744 Danish patients undergoing hip or knee
replacement. Acta Orthop. 2014;85(5):456–62.
Tabatabaee RM, Rasouli MR, Rezapoor M, Maltenfort MG, Ong AC, Parvizi J.
Coronary revascularization and adverse events in joint arthroplasty. J Surg
Res. 2015;198(1):135–42.
Lu N, Misra D, Neogi T, Choi HK, Zhang Y. Total joint arthroplasty and the
risk of myocardial infarction: a general population, propensity scorematched cohort study. Arthritis & Rheumatology. 2015;67(10):2771–9.
Menendez ME, Memtsoudis SG, Opperer M, Boettner F, Gonzalez Della Valle
A. A nationwide analysis of risk factors for in-hospital myocardial infarction
after total joint arthroplasty. Int Orthop. 2015;39(4):777–86.
Waterman BR, Belmont PJ Jr, Bader JO, Schoenfeld AJ. The total joint
arthroplasty cardiac risk index for predicting perioperative myocardial
infarction and cardiac arrest after primary total knee and hip arthroplasty. J
Arthroplasty. 2016;31(6):1170–4.
Łegosz P, Kotkowski M, Płatek AE, Małdyk P, Krzowski B, Rys A, Semczuk K,
Szymanski FM, Filipiak KJ. Assessment of cardiovascular risk in patients
undergoing total joint alloplasty: the CRASH-JOINT study. Kardiol Pol. 2017;
75(3):213–20.
Basilico FC, Sweeney G, Losina E, Gaydos J, Skoniecki D, Wright EA, et al.
Risk factors for cardiovascular complications following total joint
replacement surgery. Arthritis Rheum. 2008;58(7):1915–20.
Avram V, Petruccelli D, Winemaker M, de Beer J. Total joint arthroplasty
readmission rates and reasons for 30-day hospital readmission. J
Arthroplasty. 2014;29(3):465–8.
Wood TJ, De Beer J, Petruccelli D, Winemaker M. The impact of acute
perioperative myocardial infarction on clinical outcomes after total joint
replacement. Current Orthopaedic Practice. 2016;27(4):433–9.
Meller MM, Toossi N, Gonzalez MH, Son MS, Lau EC, Johanson N. Surgical
risks and costs of care are greater in patients who are super obese and
undergoing THA. Clin Orthop Relat Res. 2016;474(11):2472–81.
Webb ML, Golinvaux NS, Ibe IK, Bovonratwet P, Ellman MS, Grauer JN.
Comparison of perioperative adverse event rates after Total knee
arthroplasty in patients with diabetes: insulin dependence makes a
difference. J Arthroplasty. 2017;32(10):2947–51.
Zhang ZH, Shen B, Yang J, Zhou ZK, Kang PD, Pei FX. Risk factors for venous
thromboembolism of total hip arthroplasty and total knee arthroplasty: a
systematic review of evidences in ten years. BMC Musculoskeletal Disorders.
2015;16(1):24.
Alfonso DT, Toussaint RJ, Alfonso BD, Strauss EJ, Steiger DT, Di Cesare PE.
Nonsurgical complications after total hip and knee arthroplasty. American
Journal of Orthopedics (Chatham, Nj). 2006;35(11):503–10.
Cross MB, Perna M, Boettner F. A review of the most common
complications following primary total hip arthroplasty. Minerva Ortopedica
e Traumatologica. 2010;61(1):71–80.
Berstock JR, Beswick AD, Lenguerrand E, Whitehouse MR, Blom AW.
Mortality after total hip replacement surgery: a systematic review. Bone and
Joint Research. 2014;3(6):175–82.
Zeng Y, Shen B, Yang J, Zhou Z, Kang P, Pei F. Preoperative comorbidities as
potential risk factors for venous thromboembolism after joint arthroplasty: a
systematic review and meta-analysis of cohort and case-control studies. J
Arthroplasty. 2014;29(12):2430–8.
Zhang J, Chen Z, Zheng J, Breusch SJ, Tian J. Risk factors for venous
thromboembolism after total hip and total knee arthroplasty: a metaanalysis. Archives of Orthopaedic & Trauma Surgery. 2015;135(6):759–72.
Taheriazam A, Saeidinia A, Keihanian F. Total hip arthroplasty and
cardiovascular complications: a review. Ther Clin Risk Manag. 2018;14:685.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151(4):264–9.
Lindsay G. A critical appraisal tool for library and information research.
Library Hi Tech. 2006;24(3):387–99.
Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ottawa (ON): Ottawa Hospital Research Institute;
2009; 2016.

Page 11 of 12

29. Abdel MP, Ast MP, Lee YY, Lyman S, González Della Valle A. All-cause inhospital complications and urinary tract infections increased in obese patients
undergoing total knee arthroplasty. J Arthroplasty. 2014;29(7):1430–4.
30. Anoushiravani AA, Sayeed Z, Chambers MC, Gilbert TJ, Scaife SL, El-Othmani
MM, et al. Assessing In-hospital outcomes and resource utilization after
primary Total joint arthroplasty among underweight patients. J Arthroplasty.
2016;31(7):1407–12.
31. Godoy G, Sumarriva G, Ochsner JL Jr, Chimento G, Schmucker D, Dasa V,
Meyer M. Preoperative acute inflammatory markers as predictors for
postoperative complications in primary total knee arthroplasty. Ochsner
Journal. 2016;16(4):481–5.
32. Curtis GL, Newman JM, George J, Klika AK, Barsoum WK, Higuera CA.
Perioperative outcomes and complications in patients with heart failure
following Total knee arthroplasty. J Arthroplasty. 2018;33(1):36–40.
33. Fu MC, Mclawhorn AS, Padgett DE, Cross MB. Hypoalbuminemia is a better
predictor than obesity of complications after total knee arthroplasty: a
propensity score-adjusted observational analysis. HSS J. 2017;13(1):66–74.
34. Meller MM, Toossi N, Johanson NA, Gonzalez MH, Son MS, Lau EC. Risk and
cost of 90-day complications in morbidly and superobese patients after
Total knee arthroplasty. J Arthroplasty. 2016;31(10):2091–8.
35. Chamieh JS, Tamim HM, Masrouha KZ, Saghieh SS, Al-Taki MM. The
Association of Anemia and its severity with cardiac outcomes and mortality
after Total knee arthroplasty in noncardiac patients. J Arthroplasty. 2016;
31(4):766–70.
36. Belmont PJ Jr, Kusnezov NA, Dunn JC, Bader JO, Kilcoyne K, Waterman BR.
Predictors of hospital readmission after total shoulder arthroplasty.
Orthopedics. 2017;40(1):e1–e10.
37. Peterson B, Ghahramani M, Harris S, Suchniak-Mussari K, Bedi G,
Bulathsinghala C, et al. Usefulness of the myocardial infarction and cardiac
arrest calculator as a discriminator of adverse cardiac events after elective
hip and knee surgery. Am J Cardiol. 2016;117(12):1992–5.
38. Higgins BT, Barlow DR, Heagerty NE, Lin TJ. Anterior vs. posterior approach
for total hip arthroplasty, a systematic review and meta-analysis. J
Arthroplast. 2015;30(3):419–34.
39. Illingworth KD, El Bitar YF, Banerjee D, Scaife SL, Saleh KJ. Inpatient mortality
after primary total hip arthroplasty: analysis from the National Inpatient
Sample database. J Arthroplasty. 2015;30(3):369–73.
40. Urquhart DM, Hanna FS, Brennan SL, Wluka AE, Leder K, Cameron PA, et al.
Incidence and risk factors for deep surgical site infection after primary total hip
arthroplasty: a systematic review. J Arthroplasty. 2010;25(8):1216–22 e1–3.
41. Nanjayan SK, Swamy GN, Yellu S, Yallappa S, Abuzakuk T, Straw R. Inhospital complications following primary total hip and knee arthroplasty
in octogenarian and nonagenarian patients. J Orthop Traumatol. 2014;
15(1):29–33.
42. Jorgensen CC, Petersen MA, Kehlet H. Lundbeck Foundation Centre for
Fast-Track H, Knee Replacement Collaborative G. Preoperative prediction of
potentially preventable morbidity after fast-track hip and knee arthroplasty:
a detailed descriptive cohort study. BMJ Open. 2016;6(1):e009813.
43. Belmont PJ Jr, Goodman GP, Hamilton W, Waterman BR, Bader JO, Schoenfeld
AJ. Morbidity and mortality in the thirty-day period following total hip
arthroplasty: risk factors and incidence. J Arthroplast. 2014;29(10):2025–30.
44. Rozell JC, Courtney PM, Dattilo JR, Wu CH, Lee GC. Late complications
following elective primary total hip and knee arthroplasty: who, when, and
how? J Arthroplast. 2017;32(3):719–23.
45. Anto-Ocrah M, Jones CMC, Diacovo D, Bazarian JJ. Blood-based biomarkers
for the identification of sports-related concussion. Neurol Clin. 2017;35(3):
473–85.
46. Courtney PM, Boniello AJ, Berger RA. Complications following outpatient
Total joint arthroplasty: an analysis of a National Database. J Arthroplast.
2017;32(5):1426–30.
47. Koh IJ, Kim GH, Kong CG, Park SW, Park TY, In Y. The patient’s age and
American Society of Anesthesiologists Status are reasonable criteria for
deciding whether to perform same-day bilateral TKA. J Arthroplast. 2015;
30(5):770–5.
48. Jorgensen CC, Madsbad S, Kehlet H. Lundbeck Foundation Centre for fasttrack H, knee replacement collaborative G. Postoperative morbidity and
mortality in type-2 diabetics after fast-track primary total hip and knee
arthroplasty. Anesth Analg. 2015;120(1):230–8.
49. Oliveria SA, Felson DT, Cirillo PA, Reed JI, Walker AM. Body weight, body
mass index, and incident symptomatic osteoarthritis of the hand, hip, and
knee. Epidemiology. 1999:161–6.

Elsiwy et al. Journal of Orthopaedic Surgery and Research

(2019) 14:15

50. Devereaux P, Sessler DI. Cardiac complications in patients undergoing major
noncardiac surgery. N Engl J Med. 2015;373(23):2258–69.
51. Lovecchio F, Beal M, Kwasny M, Manning D. Do patients with insulindependent and noninsulin-dependent diabetes have different risks for
complications after arthroplasty? Clin Orthop Relat Res. 2014;472(11):3570–5.
52. Alluri RK, Leland H, Heckmann N. Surgical research using national databases.
Ann Transl Med. 2016;4(20):393.
53. Hussain N, Chien T, Hussain F, Bookwala A, Simunovic N, Shetty V, et al.
Simultaneous versus staged bilateral total knee arthroplasty. HSS J. 2013;
9(1):50–9.
54. Memtsoudis SG, Stundner O, Rasul R, Chiu YL, Sun X, Ramachandran SK, et
al. The impact of sleep apnea on postoperative utilization of resources and
adverse outcomes. Anesth Analg. 2014;118(2):407–18.
55. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson MC, et
al. Prevalence of obstructive sleep apnea in the general population: a
systematic review. Sleep Med Rev. 2017;34:70–81.
56. Long G, Suquin S, Li G, Weihong Y, Zhenhu W. Impact of atrial fibrillation
on postoperative outcomes after total knee arthroplasty-A retrospective
study. J Orthop Sci. 2016;21(5):652–7.
57. Kuo FC, Lin PC, Lu YD, Lee MS, Wang JW. Chronic kidney disease is an
independent risk factor for transfusion, cardiovascular complication, and
thirty-day readmission in minimally invasive Total knee arthroplasty. J
Arthroplasty. 2017;32(5):1630–4.

Page 12 of 12

