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Abstract

This meta-analysis was designed to compare the incidence of deep vein thrombosis (DVT)
and venous thromboembolism (VTE) following total knee arthroplasty (TKA) in patients with
rheumatoid arthritis (RA) and osteoarthritis (OA). All studies directly comparing the post-
TKA incidence of DVT and/or VTE in patients with RA and OA were included. For all com-
parisons, odds ratios and 95% confidence intervals (Cl) were calculated for binary out-
comes. Six studies were included in the meta-analysis. The pooled data showed that the
combined rates of asymptomatic and symptomatic DVT did not differ significantly in the RA
and OA groups (1065/222,714 [0.5%] vs. 35,983/6,959,157 [0.5%]; OR 0.77, 95% CI: 0.57
to 1.02; P = 0.07). The combined rates of asymptomatic and symptomatic DVT and pulmo-
nary embolism (PE) after TKA were significantly lower in the RA than in the OA group (1831/
225,406 [0.8%)] vs. 63,953/7,018,721 [0.9%]; OR 0.76, 95% CI: 0.62 to 0.93; P = 0.008).
Conclusiviely, the DVT rates after primary TKA were similar in RA and OA patients. In con-
trast, the incidence of VTE (DVT plus PE) after primary TKA was lower in RA than in OA
patients, despite patients with RA being at theoretically higher risk of thrombi due to chronic
inflammation.

Introduction

The vast majority of total knee arthroplasties (TKAs) have been performed in patients with
advanced knee osteoarthritis (OA).[1-3] However, patients with rheumatoid arthritis (RA)
and severe involvement of the knee joint may also be candidates for TKA.[4] Venous throm-
boembolism (VTE), including both deep vein thrombosis (DVT) and pulmonary embolism
(PE), is a potentially life-threatening complication after TKA. VTE is considered more likely to
develop in patients with RA than OA, because chronic inflammatory mediators in RA are asso-
ciated with prothrombotic factors and endothelial dysfunction, making these patients more
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susceptible to the development of atherosclerosis and thrombosis.[5,6] Nonetheless, few stud-
ies to date have directly compared the incidence of VTE after TKA in patients with RA and
OA, with some comparative studies showing contradictory results [7-9]. The relative inci-
dence of VTE after TKA in patients with RA and OA is therefore unclear.

This meta-analysis was therefore designed to compare the incidence of VTE following TKA
in RA and OA patients by pooling data from previous comparative studies. It was hypothesized
that the incidence of post-TKA VTE would be higher in patients with RA than in patients with
OA.

Materials and Methods

This meta-analysis was performed according to the guidelines of the preferred reporting items
for systematic reviews and meta-analysis (PRISMA) statement (S1 PRISMA Checklist).

Data and literature sources

This study was based on Cochrane Review Methods. Multiple comprehensive databases,
including MEDLINE, EMBASE, Web of Science, SCOPUS, and the Cochrane Library, were
searched for studies that compared the rates of DVT and VTE (a composite of DVT plus PE)
following primary TKA in patients with RA and OA (S1 Search strategy). There were no
restrictions on language or year of publication. Search terms used in the title, abstract, MeSH,
and keywords fields included "arthroplasty” [tiab] OR "replacements” [tiab] OR "knee" [tiab],
and "deep vein thrombosis" [MeSH] OR "venous thromboembolism" [MeSH] OR “pulmonary
embolism”[MeSH] OR "rheumatoid arthritis" [tiab] OR "osteoarthritis" [tiab]. After the initial
electronic search, relevant articles and their bibliographies were searched manually. The iden-
tified articles were individually assessed for inclusion.

Study selection

Two reviewers (DKL and DHL) independently assessed the title and abstract of identified
articles and selected the relevant studies for full review. The full text copy of the article was
reviewed if the abstract did not provide sufficient data to make a decision. Studies were
included in the meta-analysis if they (1) assessed the incidence of post-TKA asymptomatic
and/or symptomatic DVT and/or VTE in RA and OA patients; (2) directly compared the rates
of DVT and VTE in RA and OA patients; and (3) reported the actual numbers of patients in
the RA and OA groups and the actual numbers, not only the percentages, of patients in each
group who developed DVT and/or VTE.

Data extraction

Two reviewers (DKL and DHL) independently recorded data from each study using a prede-
fined data extraction form. Disagreement between the reviewers was resolved by consensus
or by discussion with a third investigator (HJK) when consensus was not reached. Variables
recorded included blood loss and postoperative complications associated with PE and DVT,
including the numbers and percentages of RA and OA patients with post-TKA asymptomatic
and/or symptomatic DVT and/or VTE after primary TKA and the sample size of each group.
If these variables were not mentioned in the articles, the study authors were contacted to
retrieve further information.
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Assessment of methodological quality

Two reviewers (DKL and DHL) independently assessed the methodological qualities of each
study using the Newcastle-Ottawa Scale, as recommended by the Cochrane Non-Randomized
Studies Methods Working Group. The current meta-analysis used the adjusted Newcastle-
Ottawa Scale star system, which had three criteria: the selection of study groups, the compara-
bility of these groups and the ascertainment of either the exposure or outcome of interest for
case-control and cohort studies. High quality studies were those having scores >5 points. Dis-
agreements in scores were resolved by discussion and consensus between the two reviewers.
Publication bias was not assessable in these trials. Tests for funnel plot asymmetry are typically
conducted only when at least 10 studies are included because that number of studies is
required to differentiate an asymmetry identified from chance. As our analysis included only 7
studies, tests for asymmetry were not conducted.

Data synthesis and analysis

The main outcomes of this meta-analysis were the rates after primary TKA of asymptomatic
and/or symptomatic DVT and/or VTE (DVT + PE) in patients with RA and OA. For all com-
parisons, odds ratios (ORs) and 95% confidence intervals (CI) were calculated for binary out-
comes. These values were analyzed with a random effects model. The weights were based on a
combination of the sampling error (variance of DVT and/or VTE rates within each study) and
the random-effect variance (variance of DVT and/or VTE rates between all studies). Heteroge-
neity was determined by estimating the proportion of between-study inconsistencies due to
actual differences between studies, rather than differences due to random error or chance
using the I” statistic, with values of 25%, 50%, and 75% considered low, moderate, and high
heterogeneity, respectively. All statistical analyses were performed with RevMan version 5.2
static software. Subgroup analyses included patients with and without symptoms of DVT and/
or VTE. The results of the current meta-analysis could be biased by the demographic charac-
teristics (age and gender) of the patients in the included studies. A meta-regression analysis
was therefore performed to evaluate the possible confounding effects of differences in age and
gender of RA and OA patients on the rates of DVT and VTE after TKA.

Results
Identification of Studies

Fig 1 shows the details of study identification, inclusion, and exclusion. Electronic searches
yielded 2291 studies in PubMed (MEDLINE), 1951 in EMBASE, 328 in Web of Science, 3115
in SCOPUS, and 212 in the Cochrane Library. Two additional publications were identified
through manual searching. After 3153 duplicates were removed, 4746 studies remained. Of
these, 4711 were excluded as it was clear from their abstract and title that they did not fulfil the
selection criteria. An additional 29 studies were excluded based on unusable information and
inappropriate between-group comparisons (S1 Excluded studies). Finally, six studies [7-12]
were included in this meta-analysis. Dataset used in this study is given in S1 Raw data.

Characteristics and Quality of the included studies

Of the six included studies, two compared all four parameters, including asymptomatic and
symptomatic DVTs and VTEs, in RA and OA groups; three compared two parameters, symp-
tomatic DVTs and VTEs; and one compared symptomatic VTEs alone (Table 1).

All six studies compared infection and revision rates in RA and OA groups, as well as pro-
viding detailed demographic data of these patients. None assessed possible confounding
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Fig 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-analyses) flow diagram of
the identification and selection of the studies included in this meta-analysis.

doi:10.1371/journal.pone.0166844.9001

factors. Of the six studies, four were assessed as being of high quality (Newcastle-Ottawa Scale

>5, Table 1)

Deep vein thrombosis

Of the six studies, two compared rates of asymptomatic and symptomatic DVT, and four
compared rates of symptomatic DVT after primary TKA in patients with RA and OA. The

Table 1. Characteristics of the studies included in the meta-analysis.

Study

LoVerde et al. [10]
Izumi et al. [7]

Niki et al. [8]

Ravi et al. [9]
Schnaseretal. [11]
Stundner et al. [12]

Year

2015
2015
2010
2014
2015
2014

Study type

RCT
RCT
RCS
PCS
RCT
RCT

Sample size

RA OA

159 318 6
204 1084 6
238 169 8
2692 59564 8
209916 6616985 4
42 47 4

Quality score

Diagnostic tool

Not stated
us

us

Not stated
Not stated
Venography

Measured parameters

SDVT, SVTE

ADVT, SDVT, AVTE, SVTE
ADVT, SDVT, AVTE, SVTE
SVTE

SDVT, SVTE

SDVT, SVTE

Abbreviations: RCT, randomized controlled trial; RCS, retrospective comparative study; PCS, prospective comparative study; US, ultrasonography; ADVT,
asymptomatic deep vein thrombosis; SDVT, symptomatic deep vein thrombosis; AVTE, asymptomatic venous thromboembolism; SVTE, symptomatic

venous thromboembolism.

doi:10.1371/journal.pone.0166844.t001
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RA OA Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random. 95% CI M-H, Random, 95% CI
1.3.1 Asymptomatic DVT
lzumi 47 204 255 1084 20.8% 0.97 [0.68, 1.39] S
Niki 49 238 73 169 17.9% 0.34[0.22,053] —*—
Subtotal (95% Cl) 442 1253 38.7% 0.58 [0.21,1.62] e
Total events 96 328
Heterogeneity: Tau*=0.51; Chi*=13.32, df=1 (P = 0.0003); F=92%
Test for overall effect: Z=1.04 (P = 0.30)
1.3.2 symptomatic DVT
Boettner 1 159 11 318 1.9% 0.18[0.02,1.38) ¢
lzumi 2 204 8 1084 3.1% 1.33[0.28,6.32] >
Niki 2 238 1 169  1.4% 1.42[0.13,15.83] ¢ >
Schnaser 893 209916 33599 6616985 29.8% 0.84 [0.78, 0.89] o
Stundner 71 11755 2036 339348 252% 1.01 [0.79,1.28] —
Subtotal (95% Cl) 222272 6957904 61.3% 0.88 [0.76, 1.02] L
Total events 969 35655
Heterogeneity: Tau®*=0.01, Chi*=4.89, df=4 (P=0.30); F=18%
Test for overall effect: Z=1.74 (P = 0.08)
Total (95% Cl) 222714 6959157 100.0% 0.77 [0.57, 1.02] S
Total events 1065 35883 .

Heterogeneity: Tau*= 0.07; Chi*=21.94, df=6 (P = 0.001); F=73%
Test for overall effect: Z=1.82 (P = 0.07)

-4

02 05 1 2
Favours [RA] Favours [OA]

Test for subgroup differences: Chi2 = 0.61, df =1 (P = 0.44), = 0%

Fig 2. Forest plot showing differences in the rate of deep vein thrombosis after total knee arthroplasty between patients with rheumatoid

arthritis (RA) and osteoarthritis (OA).

doi:10.1371/journal.pone.0166844.9g002

postoperative rates of asymptomatic (96/442 [21.7%] vs. 328/1253 [26.2%]; OR 0.58, 95%
CI: 0.21 to 1.62; P = 0.30) and symptomatic (969/222,272 [0.4%] vs. 35,655/6,957,904
[0.5%]; OR 0.88, 95% CI: 0.76 to 1.02; P = 0.08) DVT were similar in the RA and OA groups,
as were the combined rates of asymptomatic and symptomatic DVT (1065/222,714 [0.5%]
vs. 35,983/6,959,157 [0.5%]; OR 0.77, 95% CI: 0.57 to 1.02; P = 0.07, Fig 2).

Venous thromboembolism

Although the rates of asymptomatic VTE (DVT or PE) after TKA were similar in the RA and
OA groups (101/442 [22.9%] vs. 341/1253 [27.2%]; OR 0.58, 95% CI: 0.21 to 1.63; P = 0.30),
the rate of symptomatic VTE was significantly lower in patients with RA than in those with
OA (1730/224,964 [0.8%] vs. 63,612/7,017,468 [0.9%]; OR 0.84, 95% CI: 0.80 to 0.88;
P<0.001). Pooled data of these two subgroup analyses showed that the combined rate of
asymptomatic and symptomatic VTE was significantly lower in the RA than in the OA group
(1831/225,406 [0.8%] vs. 63,953/7,018,721 [0.9%]; OR 0.76, 95% CI: 0.62 to 0.93; P = 0.008,
Fig 3).

Meta-regression analyses

Table 2 shows the results of the meta-regression analysis. Age, gender, and effect size showed
no significant associations with differences in rates of post-TKA DVT and VTE in the RA and
OA groups. This finding indicated that the results of the current meta-analysis were not biased
by the demographic characteristics of the participants in the included studies.
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RA OA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
1.9.1 Asymptomatic VTE
lzumi 49 204 265 1084 15.4% 0.98 [0.68, 1.39] T
Niki 52 238 76 168 12.4% 0.34[022,053] —
Subtotal (95% Cl) 442 1253 27.8% 0.58[0.21,1.63] e ————
Total events 101 341
Heterogeneity: Tau*= 0.51; Chi*=13.70, df=1 (P = 0.0002); F= 93%
Test for overall effect: Z=1.03 (P =0.30)
1.9.2 symptomatic VTE
Boettner 2 159 14 318 1.7% 0.28[0.06,1.23] ¢
lzumi 2 204 10 1084 1.6% 1.06 [0.23, 4.89)
Niki 3 238 3 168  1.5% 0.71[0.14,3.54) ¢
Ravi 34 2692 970 59564 157% 0.77 [0.55,1.09] i
Schnaser 1571 209916 58882 6616985 28.4% 0.84 [0.80, 0.88) .
Stundner 118 11755 3733 339348 23.3% 0.91[0.76,1.10] Rl B
Subtotal (95% CI) 224964 7017468 72.2% 0.84 [0.80, 0.88] ‘
Total events 1730 63612
Heterogeneity: Tau®*= 0.00; Chi*=3.23, df=5 (P = 0.66);, F= 0%
Test for overall effect: Z=7.01 (P < 0.00001)
Total (95% CI) 225406 7018721 100.0% 0.76 [0.62, 0.93] >
Total events 1831 63853

Heterogeneity: Tau®*= 0.04; Chi*= 20.54, df= 7 (P = 0.005); F= 66%
Test for overall effect: Z= 2.67 (P =0.008)
Test for subgroup differences: Chi?2 = 0.49, df =1 (P = 0.48), I> = 0%

Fig 3. Forest plot showing differences in the rate of venous thromboembolism after total knee arthroplasty between patients with rheumatoid
arthritis (RA) and osteoarthritis (OA).

0507 1 152
Favours [RA] Favours [OA]

doi:10.1371/journal.pone.0166844.g003

Discussion

The most important findings of this meta-analysis were that the incidence of DVT after pri-
mary TKA did not differ between groups of patients with RA and OA, whereas the incidence
of VTE after primary TKA was lower in the RA than in the OA group. The latter finding there-
fore contradicts our hypothesis, that the incidence of post-TKA thrombotic complications
would be higher in patients with RA than in patients with OA.

Although it is unclear if RA is a risk factor for the development of VTE after TKA, the
chronic inflammation associated with RA suggests that thrombi may form more readily in
these patients than in patients with OA. Reduced mobility due to RA may lead to venous

Table 2. Meta-regression analysis comparing associations of age and gender with rates of deep vein thrombosis (DVT) and venous thromboem-
bolism (VTE) after total knee arthroplasty in patients with rheumatoid arthritis and osteoarthritis.

Variable Coefficient Standard error P value ‘ 95% confidence interval
Difference in DVT incidence after TKA in RA and OA patients

Age -0.016 0.016 0.921 -0.045 to 0.041

Gender 0.001 0.012 0.911 -0.031t0 0.034
Difference in VTE incidence after TKA in RA and OA patients

Age -0.002 0.020 0.933 -0.064 to 0.061

Gender 0.001 0.138 0.921 -0.042t0 0.045

doi:10.1371/journal.pone.0166844.t002
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stasis.[13] In addition, inflammation may cause endothelial damage to vessel walls, leading to
endothelial dysfunction in both arteries and veins.[14] Chronic inflammation may also alter
thrombotic responses by upregulating precoagulants,[15] downregulating anticoagulants and
suppressing fibrinolysis,[16] enhancing blood coagulability. The combination of venous stasis,
vascular endothelial dysfunction due to damage to vessel walls, and blood hypercoagulability
in patients with RA may favor the development of VTE.[5] Several studies also confirmed that
the risks of DVT and PE significantly increased by 1.9-3.36 and 2.07-2.25 fold, respectively, in
patients with RA compared with those of the general population.[17,18]

Despite these apparent links between RA and VTE, previous studies comparing the inci-
dence of post-TKA DVT and VTE in RA and OA patients have yielded contradictory results.
Our meta-analysis showed no differences in the rates of DVT and asymptomatic VTE after
TKA between RA and OA patients, and demonstrated that the incidence of symptomatic VTE
was lower in RA than in OA patients. These findings, which were contrary to our expectations,
may have resulted from confounding factors. Because of their underlying disease, patients
with RA are more likely than patients with OA to take medications such as methotrexate, sulfa-
salazine, and nonsteroidal anti-inflammatory drugs (NSAIDs).[19] These medications may
offset the VTE-prone environment of RA, with NSAIDs especially having antiplatelet activity.
[8] We could also not entirely rule out selection bias, especially in age. At the time of TKA,
patients with RA tend to be younger than those with OA [9,20], which may reduce the relative
risk of VTE in patients with RA. Conversely, the higher incidence of VTE in RA than in OA
patients after TKA in several previous studies may have been due to differences in sex distribu-
tion of these two diseases, with the proportion of females being higher in RA than in OA.
[7,20] The meta-regression analysis performed in this study to evaluate the effect of age distri-
bution and gender ratio on VTE incidence after TKA showed that age and gender in the RA
and OA cohorts did not correlate significantly with rates of DVT and VTE.

Caution should be exercised in interpreting comparative rates of VIE in previous studies,
because several of these studies focused only on symptomatic DVT and/or PE. Asymptomatic
distal DVT is generally considered self-limiting, stable and associated with a lower risk of
embolic complications than proximal DVT.[21] However, the likelihood of proximal exten-
sion of distal DVT was reported to be as high as 20%[22] when distal DVT was left untreated.
[23] Proximal extension is likely to cause serious embolic complications, including PE. In
addition, we could not determine whether all asymptomatic DVTs in the studies included in
this meta-analysis were distal, generally regarded as below the popliteal area. Because asymp-
tomatic silent PE can lead to serious complications, including symptomatic recurrent PE and
pulmonary hypertension, it has been recommended that, similar to symptomatic PE, asymp-
tomatic silent PE should be treated with anticoagulants.[23] These findings suggest that the
incidence of asymptomatic VIE (DVT and PE) should be evaluated when comparing the rates
of actual VTE after TKA in RA and OA patients. The strength of this meta-analysis was that it
included all studies that reported rates of both asymptomatic and symptomatic VTE, and that
it included subgroup analyses comparing rates of asymptomatic and symptomatic VTE in
these patient groups.

This study had several limitations. A key limitation was the potential risk of bias caused by
possible unmeasured or unknown confounders, including smoking status, body mass index,
medication data, and physical activity levels of patients in each included study. In RA patients,
disease severity was not consistent among the included studies. In addition, the method of
diagnosing DVT was not consistent across studies. Although venography is generally accepted
as the gold standard in detecting DVT,[7] ultrasonography is widely used and has been shown
to be accurate in the postoperative diagnosis of DVT, even in asymptomatic orthopedic
patients.[24,25] These factors may explain, at least in part, some of the heterogeneities in the

PLOS ONE | DOI:10.1371/journal.pone.0166844 December 2, 2016 7/10



@° PLOS | ONE

VTE Occurrence after TKA in RA vs. OA

results of this meta-analysis. Finally, the findings of this meta-analysis may have been heavily

influenced by the results of the study with the largest sample size, which were assigned the

greatest weight.

Conclusions

The incidence of DVT after primary TKA in RA patients was similar to that in OA patients. In
contrast, the incidence of VTE (DVT plus PE) after primary TKA was lower in RA than in OA

patients, despite chronic inflammation favoring thrombus formation in patients with RA.

Supporting Information

S1 PRISMA Checklist.
(PDF)

S1 Search strategy.
(DOC)

S1 Excluded studies.
(DOC)

S1 Raw data.
(XLS)

Acknowledgments

No benefits in any form have been received or will be received from a commercial party related

directly or indirectly to the subject of this article, nor have any funds been received in support

of this study.

Author Contributions
Conceptualization: DKL DHL.
Data curation: DKL DHL.

Formal analysis: HJK DHL.
Investigation: DKL HJK DHL.
Methodology: HJK DHL.

Project administration: DKL DHL.
Resources: DKL DHL.

Software: HJK.

Supervision: HJK DHL.
Validation: DKL DHL.
Visualization: DKL DHL.

Writing - original draft: DKL DHL.

Writing - review & editing: DKL DHL.

PLOS ONE | DOI:10.1371/journal.pone.0166844 December 2, 2016

8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166844.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166844.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166844.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166844.s004

@° PLOS | ONE

VTE Occurrence after TKA in RA vs. OA

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

Kim JY, Cheon SH, Kyung HS. Mid-term Results of Total Knee Arthroplasty Using PFC Sigma RP-F.
Knee Surg Relat Res. 2012; 24: 221-226. doi: 10.5792/ksrr.2012.24.4.221 PMID: 23269960

Kwak JY, Jeong JH, Lee SH, Jung HJ, Jung YB. Comparison of the clinical outcomes after total knee
arthroplasty with the LCS rotating platform mobile bearing knee system and the PFC Sigma RP-F
mobile bearing knee system. Clin Orthop Surg. 2012; 4: 256—262. doi: 10.4055/cios.2012.4.4.256
PMID: 23205234

Lee DH, Park JH, Song DI, Padhy D, Jeong WK, Han SB. Accuracy of soft tissue balancing in TKA:
comparison between navigation-assisted gap balancing and conventional measured resection. Knee
Surg Sports Traumatol Arthrosc. 2010; 18: 381-387. doi: 10.1007/s00167-009-0983-x PMID:
19924399

Lee JK, Choi CH. Total knee arthroplasty in rheumatoid arthritis. Knee Surg Relat Res. 2012; 24: 1-6.
doi: 10.5792/ksrr.2012.24.1.1 PMID: 22570845

Choi HK, Rho YH, Zhu Y, Cea-Soriano L, Avina-Zubieta JA, Zhang Y. The risk of pulmonary embolism
and deep vein thrombosis in rheumatoid arthritis: a UK population-based outpatient cohort study. Ann
Rheum Dis. 2013; 72: 1182—1187. doi: 10.1136/annrheumdis-2012-201669 PMID: 22930596

Ravi B, Escott B, Shah PS, Jenkinson R, Chahal J, Bogoch E, et al. A systematic review and meta-anal-
ysis comparing complications following total joint arthroplasty for rheumatoid arthritis versus for osteoar-
thritis. Arthritis Rheum. 2012; 64: 3839-3849. doi: 10.1002/art.37690 PMID: 23192790

Izumi M, Migita K, Nakamura M, Jiuchi Y, Sakai T, Yamaguchi T, et al. Risk of venous thromboembo-
lism after total knee arthroplasty in patients with rheumatoid arthritis. J Rheumatol. 2015; 42: 928-934.
doi: 10.3899/jrheum.140768 PMID: 25877506

Niki Y, Matsumoto H, Hakozaki A, Mochizuki T, Momohara S. Rheumatoid arthritis: a risk factor for
deep venous thrombosis after total knee arthroplasty? Comparative study with osteoarthritis. J Orthop
Sci. 2010; 15: 57-63. doi: 10.1007/s00776-009-1410-3 PMID: 20151252

Ravi B, Croxford R, Hollands S, Paterson JM, Bogoch E, Kreder H, et al. Increased risk of complications
following total joint arthroplasty in patients with rheumatoid arthritis. Arthritis Rheumatol. 2014; 66: 254—
263. doi: 10.1002/art.38231 PMID: 24504797

LoVerde ZJ, MandI LA, Johnson BK, Figgie MP, Boettner F, Lee YY, et al. Rheumatoid Arthritis Does
Not Increase Risk of Short-term Adverse Events after Total Knee Arthroplasty: A Retrospective Case-
control Study. J Rheumatol. 2015; 42: 1123-1130. doi: 10.3899/jrheum.141251 PMID: 25934825

Schnaser EA, Browne JA, Padgett DE, Figgie MP, D’Apuzzo MR. Perioperative Complications in
Patients with Inflammatory Arthropathy Undergoing Total Knee Arthroplasty. J Arthroplasty. 2015; 30:
76-80. doi: 10.1016/j.arth.2014.12.040 PMID: 26111792

Stundner O, Danninger T, Chiu YL, Sun X, Goodman SM, Russell LA, et al. Rheumatoid arthritis vs
osteoarthritis in patients receiving total knee arthroplasty: perioperative outcomes. J Arthroplasty. 2014;
29: 308-313. doi: 10.1016/j.arth.2013.05.008 PMID: 23764034

Hansson GK, Libby P, Tabas I. Inflammation and plaque vulnerability. J Intern Med. 2015; 278: 483—
493. doi: 10.1111/joim.12406 PMID: 26260307

Mukubo Y, Kawamata M. Perioperative hypercoagulability in patients with rheumatoid arthritis: Sonoclot
study. J Anesth. 2004; 18: 62—64. doi: 10.1007/s00540-003-0206-4 PMID: 14991481

Borensztajn KS, von der Thusen JH, Spek CA. The role of coagulation in chronic inflammatory disor-
ders: a jack of all trades. Curr Pharm Des. 2011; 17: 9-16 PMID: 21222644

Xu J, Lupu F, Esmon CT. Inflammation, innate immunity and blood coagulation. Hamostaseologie.
2010; 30: 5-6, 8-9 PMID: 20162248

Chung WS, Peng CL, Lin CL, Chang YJ, Chen YF, Chiang JY, et al. Rheumatoid arthritis increases the
risk of deep vein thrombosis and pulmonary thromboembolism: a nationwide cohort study. Ann Rheum
Dis. 2014; 73: 1774—-1780. doi: 10.1136/annrheumdis-2013-203380 PMID: 23926057

Matta F, Singala R, Yaekoub AY, Najjar R, Stein PD. Risk of venous thromboembolism with rheumatoid
arthritis. Thromb Haemost. 2009; 101: 134—138 PMID: 19132199

Kim SC, Schneeweiss S, Liu J, Solomon DH. Risk of venous thromboembolism in patients with rheuma-
toid arthritis. Arthritis Care Res (Hoboken). 2013; 65: 1600—1607.

Jauregui JJ, Kapadia BH, Dixit A, Naziri Q, Hip-Flores DJ, Harwin SF, et al. Thirty-day complications in
rheumatoid patients following total knee arthroplasty. Clin Rheumatol. 2016; 35: 595-600. doi: 10.1007/
$10067-015-3037-4 PMID: 26238666

Li F, Wang X, Huang W, Ren W, Cheng J, Zhang M, et al. Risk factors associated with the occurrence

of silent pulmonary embolism in patients with deep venous thrombosis of the lower limb. Phlebology.
2014; 29: 442-446. doi: 10.1177/0268355513487331 PMID: 23761869

PLOS ONE | DOI:10.1371/journal.pone.0166844 December 2, 2016 9/10


http://dx.doi.org/10.5792/ksrr.2012.24.4.221
http://www.ncbi.nlm.nih.gov/pubmed/23269960
http://dx.doi.org/10.4055/cios.2012.4.4.256
http://www.ncbi.nlm.nih.gov/pubmed/23205234
http://dx.doi.org/10.1007/s00167-009-0983-x
http://www.ncbi.nlm.nih.gov/pubmed/19924399
http://dx.doi.org/10.5792/ksrr.2012.24.1.1
http://www.ncbi.nlm.nih.gov/pubmed/22570845
http://dx.doi.org/10.1136/annrheumdis-2012-201669
http://www.ncbi.nlm.nih.gov/pubmed/22930596
http://dx.doi.org/10.1002/art.37690
http://www.ncbi.nlm.nih.gov/pubmed/23192790
http://dx.doi.org/10.3899/jrheum.140768
http://www.ncbi.nlm.nih.gov/pubmed/25877506
http://dx.doi.org/10.1007/s00776-009-1410-3
http://www.ncbi.nlm.nih.gov/pubmed/20151252
http://dx.doi.org/10.1002/art.38231
http://www.ncbi.nlm.nih.gov/pubmed/24504797
http://dx.doi.org/10.3899/jrheum.141251
http://www.ncbi.nlm.nih.gov/pubmed/25934825
http://dx.doi.org/10.1016/j.arth.2014.12.040
http://www.ncbi.nlm.nih.gov/pubmed/26111792
http://dx.doi.org/10.1016/j.arth.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23764034
http://dx.doi.org/10.1111/joim.12406
http://www.ncbi.nlm.nih.gov/pubmed/26260307
http://dx.doi.org/10.1007/s00540-003-0206-4
http://www.ncbi.nlm.nih.gov/pubmed/14991481
http://www.ncbi.nlm.nih.gov/pubmed/21222644
http://www.ncbi.nlm.nih.gov/pubmed/20162248
http://dx.doi.org/10.1136/annrheumdis-2013-203380
http://www.ncbi.nlm.nih.gov/pubmed/23926057
http://www.ncbi.nlm.nih.gov/pubmed/19132199
http://dx.doi.org/10.1007/s10067-015-3037-4
http://dx.doi.org/10.1007/s10067-015-3037-4
http://www.ncbi.nlm.nih.gov/pubmed/26238666
http://dx.doi.org/10.1177/0268355513487331
http://www.ncbi.nlm.nih.gov/pubmed/23761869

@° PLOS | ONE

VTE Occurrence after TKA in RA vs. OA

22,

23.

24,

25.

Porfidia A, Carnicelli A, Bonadia N, Pola R, Landolfi R. Controversies in venous thromboembolism: the
unique case of isolated distal deep vein thrombosis. Intern Emerg Med. 2016.

Hughes MJ, Stein PD, Matta F. Silent pulmonary embolism in patients with distal deep venous thrombo-
sis: systematic review. Thromb Res. 2014; 134: 1182—1185. doi: 10.1016/j.thromres.2014.09.036
PMID: 25312342

Lee WS, Kim KI, Lee HJ, Kyung HS, Seo SS. The incidence of pulmonary embolism and deep vein
thrombosis after knee arthroplasty in Asians remains low: a meta-analysis. Clin Orthop Relat Res.
2013; 471: 1523-1532. doi: 10.1007/s11999-012-2758-9 PMID: 23264001

Kory PD, Pellecchia CM, Shiloh AL, Mayo PH, DiBello C, Koenig S. Accuracy of ultrasonography per-
formed by critical care physicians for the diagnosis of DVT. Chest. 2011; 139: 538-542. doi: 10.1378/
chest.10-1479 PMID: 21030490

PLOS ONE | DOI:10.1371/journal.pone.0166844 December 2, 2016 10/10


http://dx.doi.org/10.1016/j.thromres.2014.09.036
http://www.ncbi.nlm.nih.gov/pubmed/25312342
http://dx.doi.org/10.1007/s11999-012-2758-9
http://www.ncbi.nlm.nih.gov/pubmed/23264001
http://dx.doi.org/10.1378/chest.10-1479
http://dx.doi.org/10.1378/chest.10-1479
http://www.ncbi.nlm.nih.gov/pubmed/21030490

