
REVIEW ARTICLE Open Access

Asia-Pacific venous thromboembolism
consensus in knee and hip arthroplasty and
hip fracture surgery: Part 1. Diagnosis and
risk factors
Srihatach Ngarmukos1, Kang-Il Kim2,3* , Siwadol Wongsak4, Thanainit Chotanaphuti5, Yutaka Inaba6,
Cheng-Fong Chen7,8, David Liu9 and Asia-Pacific (AP) Region Venous Thromboembolism (VTE) Consensus Group

Background
Postoperative venous thromboembolism (VTE) is a sig-
nificant cause of morbidity and mortality in patients
undergoing knee and hip arthroplasty and hip fracture
surgery; however, VTE is considered potentially prevent-
able with several modalities of prophylactic management
[1, 2]. The VTE prevention guidelines by the American
Academy of Orthopaedic Surgeons (AAOS) or the
American College of Chest Physicians (ACCP) have been
implemented in most countries in Asia [3–5]. However,
according to these guidelines, there are some concerning
issues and complications related to VTE prophylaxis in
major joint replacement and hip fracture surgeries be-
cause of differences in the healthcare systems and cul-
tural aspects [6, 7].
Among orthopedic surgeons who practice in the Asia-

Pacific (AP) Region, some alternative options for VTE
prevention in knee and hip arthroplasty and hip fracture
surgery are somewhat necessary. These Asian-specific
guideline/consensus statements are expected to provide
better patient outcomes and compliances. Therefore, in
a one-year period, we have obtained an AP consensus
agreement on VTE prophylaxis in knee and hip arthro-
plasty and hip fracture surgery in Asian patients among

AP orthopedic experts. According to the results of the
consensus statements, some accepted methods of VTE
prophylaxis are different from those published in inter-
national guidelines regarding the details of diagnosis and
risk factors and methods of prophylaxis.
We hope that this AP VTE consensus will provide ortho-

pedic surgeons who practice in the AP Region appropriate
options for VTE diagnosis and prevention methods that
benefit their patients with fewer complications.

Methods
The consensus was instructed using the modified Delphi
method for agreement [8, 9]. The working team used a
real-time Delphi multiround online software (https://
calibrum.com), responding anonymously [10]. After re-
ceiving agreement of 93 AP orthopedic experts to join
the group, all experts were divided into three groups, in-
cluding group 1: diagnosis and risk factors; group 2:
mechanical VTE prophylaxis; and group 3: pharmaco-
logical VTE prophylaxis (Fig. 1).
The first-round real-time online survey was begun on

18 October 2019. There were four rounds of the survey
and an additional round for consensus voting. The con-
sensus was successfully finished on 11 September 2020.
In each round, experts could repeatedly view and com-
ment on documents via the Internet until the end of the
survey time. Based on evidence-based medicine and ex-
perts opinions, the five-round survey has optimized AP
experts’ agreement on debatable issues in VTE prophy-
laxis in knee and hip arthroplasty and hip fracture sur-
gery before consensus voting, in terms of statements,
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recommendations, justifications, and references. Given the
approximately one-month period of each round, all ex-
perts could have several opportunities to access the survey
for the online response. All statements in the survey were
accompanied by a text box allowing comments in qualita-
tive responses to be made anonymously. Besides open
comments, experts were requested to rate their agreement
on each statement according to a Likert scale of 1–9, (1 =
strongly disagree, 9 = strongly agree) [11].
After closing of the survey in each round, the working

team and assistants read the responses for all statements, in-
cluding comments or suggestions, and also searched out
more evidence-based medicine data-related commented is-
sues. For agreement evaluation, all statements were assessed
into three categories: (1) Agreement: Likert 7, 8, and 9; (2)
Neutral: Likert 4, 5, and 6; and (3) Disagreement: Likert 1, 2,
and 3. All passed statements needed to have ≥75% agreement
from voters [9]. Any statements having < 75% agreement
were to be reviewed, revised, and resubmitted in the next
round of the survey. Again, all AP experts were asked for
agreements and comments until the final round (Fig. 2) [9].
After four rounds of surveys, all passed statements were fi-
nally sent for online voting [9]. The criteria of voting for con-
sensus were as follows: (1) Unanimous consensus: 100%
agreement; (2) Strong consensus: ≥ 75% agreement; (3) Weak
consensus: > 50%, < 75% agreement [9].

Statements of Group 1: Diagnosis and Risk
Factors
1. Which surgical procedures are considered knee
arthroplasty, hip arthroplasty, and hip fracture surgery?
Recommendation
Knee arthroplasty includes total knee arthroplasty
(TKA), unicompartmental knee arthroplasty (UKA), and

patellofemoral arthroplasty (PFA). Hip arthroplasty in-
cludes total hip arthroplasty (THA), hip hemiarthro-
plasty, and hip resurfacing arthroplasty. Hip fracture
surgery includes both internal fixation and hip arthro-
plasty for treatment of hip fracture in adults, including
femoral neck fracture, intertrochanteric fracture, and
subtrochanteric fracture.

Delegate vote Agree 100%, Disagree 0%, Abstain 0%
(Unanimous Consensus).

Fig. 1 Demonstration of method and procedures for formation of AP venous thromboembolism consensus

Fig. 2 Algorithm demonstrating four-round consensus survey using
modified Delphi method and the final voting for consensus
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Justification
TKA involves surgical removal of damaged bone and
cartilage of the distal femur and proximal tibia, followed
by replacement with a corresponding metallic femoral
component and tibial component with a polyethylene in-
sert [12]. UKA involves surgical removal of damaged
bone and cartilage of only the medial compartment or
lateral compartment of the tibiofemoral joint, and then
replacement with a corresponding metallic femoral com-
ponent and a tibial component with a polyethylene in-
sert [13]. PFA involves surgical removal of damaged
bone and cartilage from the patella’s underside and the
trochlear groove of the femur, followed by replacement
with metal and plastic components [14].
THA generally uses an acetabular component with a

bearing surface, a femoral component, and a femoral
head prosthesis [15, 16]. Hip hemiarthroplasty involves
surgical removal of the femoral head and part of the
femoral neck, followed by replacement with a femoral
prosthesis [17, 18]. No procedure is performed on the
acetabulum [17, 18]. Total resurfacing arthroplasty in-
volves partial removal of the femoral head and then cap-
ping it with a similar-sized spherical metallic prosthesis
[19]. The acetabulum is replaced with a monobloc metal
component [19].
Internal fixation of the hip fracture uses devices to

stabilize the fracture, including multiple screws with
various designs, sliding screw-plates, cephalomedullary
nails, and other devices of similar function [20].

2. Does UKA have a similar risk of postoperative VTE
when compared to TKA?
Recommendation
No, UKA has a lower risk of postoperative VTE than
TKA.
Delegate vote: Agree 97.3%, Disagree 2.7%, Abstain 0%

(Strong Consensus).

Justification
Several studies have demonstrated a lower incidence of
postoperative VTE in UKA when compared to TKA
[21–24]. A recent systemic review and meta-analysis re-
garding the incidence of VTE after knee arthroplasty, in-
cluding 33,232 UKAs and 229,166 TKAs, demonstrated
that UKA has a significantly lower risk of postoperative
VTE than TKA [22]. Remaining data analyzed from ran-
domized controlled trials (RCTs) and extensive cohort
studies show statistically nonsignificant trends toward
lower risk of VTE in UKA [22]. Another systemic study
comparing outcomes of UKA and TKA reported a lower
incidence of VTE after UKA (1.75%) when compared to
TKA (4.1%) [21]. However, these results do not reach
statistical significance [21]. One study was a matched-
pair prospective study from Singapore, which can

represent the Asian population [23]. Another prospect-
ive study in 3349 patients undergoing knee replacement
found an incidence of postoperative deep vein throm-
bosis (DVT) of 0.3% in the UKA patients vs. 2.2% in the
TKA patients, with a significant difference [24].

3. Does hemi-hip arthroplasty have a similar risk of
postoperative VTE compared to THA in hip fracture
patients?
Recommendation
Yes, currently available evidences demonstrate that
hemiarthroplasty has a similar risk of postoperative VTE
compared to THA in hip fracture patients.
Delegate vote: Agree 97.3%, Disagree 2.7%, Abstain 0%

(Strong Consensus).

Justification
There was no significant difference in VTE incidence be-
tween hip fracture patients who underwent a THA and
those who underwent a hemiarthroplasty [25, 26]. Data
from The National Surgical Quality Improvement Pro-
gram Database show that the rate of DVT requiring
therapy in hemiarthroplasty and THA in patients with
femoral neck fracture was similar at 0.8% [25]. The rates
of pulmonary embolism (PE) in hemiarthroplasty and
THA in femoral neck fracture patients were 0.6% and
1.0%, respectively [20]. In a propensity score-matched,
population-based study of patients with femoral neck
fracture, the rate of DVT was 0.9% in the hemiarthro-
plasty group compared to 1.1% in the THA group [26].
Another study showed that the rate of PE was 1.2% in
the hemiarthroplasty group compared to 0.9% in the
THA group [19]. Additionally, patients undergoing hip
arthroplasty for fracture treatment are at significantly
higher risk of VTE than patients who have undergone
an elective THA [27].

4. Is the incidence of VTE after knee and hip arthroplasty
or hip fracture surgery lower in patients of Asian than
Caucasian ethnicity?
Recommendation
Yes, the incidence of VTE after knee and hip arthro-
plasty or hip fracture surgery is lower in Asian than in
Caucasian ethnicities.
Delegate vote: Agree 94.6%, Disagree 0%, Abstain 5.4%

(Strong Consensus).

Justification
The incidence of postoperative VTE is likely lower in
people of Asian ethnicity than in those of Caucasian eth-
nicity, after knee and hip arthroplasty or hip fracture
surgery [28–32]. A cohort study shows that eight of
3070 (0.26%) Asian patients had VTE after THA, and
585 of 57,559 (1%) Caucasian patients had VTE after

Ngarmukos et al. Knee Surgery & Related Research           (2021) 33:18 Page 3 of 13



THA [30]. Moreover, the Asian patients had a signifi-
cantly lower likelihood of 90-day VTE when compared
with Caucasian patients [30]. A Singaporean cohort
study of Asian patients who underwent TKA from 2006
to 2014 showed that eight of 966 patients (0.82%) had
VTE after TKA [28]. Another cohort study of consecu-
tive Asian patients undergoing lower limb major ortho-
pedic surgery showed that the those who underwent
TKA, THA, and hip fracture surgery had symptomatic
VTE rates of 1.4%, 1.0%, and 0.6%, respectively [29]. A
prospective study of 1608 Asian patients who underwent
TKA and THA showed that the incidences of VTE after
TKA and THA were 4.31% and 0.88% [31]. A large epi-
demiologic study from the Korean national database,
which investigated the incidence of VTE after major sur-
gery in Asia, demonstrated the rate of VTE after TKA,
THA, and hip fracture surgery to be 1.08%, 0.98%, and
1.60% [32].The rate of DVT after TKA, THA, and hip
fracture surgery was 0.71%, 0.62%, and 0.66% [32]. Other
results showed that the rate of PE after TKA, THA, and
hip fracture surgery was 0.37%, 0.36%, and 0.94% [32].
This study concluded that the rates of postoperative
VTE are lower in Korean than in Caucasian populations
[32]. Another prospective study of TKA in 227 Korean
patients, performed by a single surgeon, reported the
rate of proximal DVT to be 3.03% and that of distal
DVT to be 23.57%, with no symptomatic PE, which con-
firmed the low VTE incidence in the Koreans undergo-
ing TKA [33].
The Seventh ACCP Conference on Antithrombotic

and Thrombolytic Therapy in 2004 documented the rate
of total DVT in Caucasian patients after TKA, THA, and
hip fracture surgery as 41–85%, 42–57%, and 46–60%
and the rate of proximal DVT in Caucasian patients
after TKA, THA, and hip fracture surgery as 5–22%,
18–36%, and 23–30% [34]. This study also showed that
the rate of PE in Caucasian patients after TKA, THA,
and hip fracture surgery was 1.5–10%, 0.9–28%, and 3–
11% [34].
A systematic review and meta-analysis of an Asian

population showed that the rate of DVT in patients
who underwent TKA was 42.5%, and the rate of DVT
in patients who underwent THA or hip fracture sur-
gery was 25.8% [7]. Furthermore, the rate of PE in
patients who underwent TKA was 0.5%, and the rate
of PE in patients who underwent THA or hip fracture
surgery was 0.3%. The study concluded that the
pooled rates of proximal and symptomatic DVT in
Asians were lower than those of the Caucasian re-
ports [7]. Another meta-analysis that studied Asian
patients who underwent TKA showed that the inci-
dence of symptomatic PE was 0.01%. The incidences
of overall DVT, proximal DVT, and symptomatic
DVT were 40.4%, 5.8%, and 1.9% [35].

5. Are there different degrees of VTE risk in Asian
patients undergoing knee and hip arthroplasty or hip
fracture surgery?
Recommendation
Yes, Asian patients undergoing knee and hip arthro-
plasty or hip fracture surgery have standard and elevated
VTE risks.
Delegate vote: Agree 94.6%, Disagree 0%, Abstain 5.4%

(Strong Consensus).

Justification
The incidence of postoperative VTE in patients of Asian
ethnicity is likely lower than in those of Caucasian ethni-
city after knee and hip arthroplasty or hip fracture sur-
gery [7, 28, 35]. However, there are no specific studies
regarding the VTE risk in Asian patients undergoing
knee and hip arthroplasty or hip fracture surgery. Asian
patients should be classified as having standard VTE risk
and elevated VTE risk.
Patients at standard VTE risk have no histories or

medical conditions associated with VTE before surgery.
Patients at elevated VTE risk already have histories or
medical conditions associated with VTE before surgery.
The exception to these statements involves certain surgi-
cal factors that elevate VTE risk from the usual, such as
bilateral procedures and prolonged surgical time (> 2 h)
[36]. Patients with these factors should be classified as
an increased VTE risk group.

6. Can a risk-factor stratification based on ethnicity be
used to determine proper VTE prophylaxis protocol in
Asian patients?
Recommendation
Yes, the VTE prophylaxis protocol for Asian patients
can be customized by the VTE risk of each ethnicity.
Delegate vote: Agree 86.5%, Disagree 8.1%, Abstain

5.4% (Strong Consensus).

Justification
Since the VTE risk after knee and hip arthroplasty or
hip fracture surgery in the Asian population is lower
than that for Caucasians, the experts agreed that it is
justifiable that the VTE prophylaxis protocol can be ad-
justed from the recommendations for Caucasian patients
to suit an Asian patient’s characteristics and economic
conditions [7, 28, 35]. A Korean study that analyzed pa-
tients undergoing major surgery between 2007 and 2011
found that the overall postoperative VTE rate for major
orthopedic procedures was approximately 1.24% [32].
The highest VTE rate was found in hip fracture surgery
(approximately 1.60%) [7]. A Taiwanese study analyzed
114,026 patients who underwent hip (N = 61,460) or
knee (N = 52,556) replacement surgery from 2002 to
2006 [37]. This study found an overall incidence of
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postoperative VTE of 0.44% [37]. The incidence of PE
was 4/10,000 for total hip and 7/10,000 for total knee re-
placement [37].
A meta-analysis showed that the incidence of symp-

tomatic PE was similar in five Asian countries: Taiwan,
Japan, Thailand, Korea, and Singapore [35]. When com-
pared with the incidence of DVT in Taiwan, there were
no differences in the incidence of overall DVT rate in
Japan, but the incidence of overall DVT rate was lower
in Thailand, Korea, and Singapore [17]. Other authors
identified a higher incidence of proximal DVT in Japan
and Thailand but a similar incidence in Korea and
Singapore compared to Taiwan’s incidence [25].
A systematic review and meta-analysis showed that the

proximal DVT rates were comparable among Asian eth-
nic groups: 11.8% for Southeast Asians, 11.0% for Japa-
nese, 7.5% for Koreans, and 5.6% for Chinese [7]. The
pooled rate was highest in Southeast Asia and lowest in
China [20]. There were significant differences between
Chinese and Korean patients, between Chinese and Japa-
nese patients, and between Chinese and Southeast Asian
patients [29]. Other comparisons were not significantly
different [18].

7. What is the most useful method or scoring system for
stratifying a patient’s risk for VTE before knee and hip
arthroplasty or hip fracture surgery?
Recommendation
Inconclusive, there is no evidence to prove which
method or scoring system provides the best VTE risk
stratification.
Delegate vote: Agree 95.9%, Disagree 1.4%, Abstain

2.7% (Strong Consensus).

Justification
Ideally, VTE risk assessment and recommended prophy-
laxis should be specific to the population it serves. Al-
though several studies regarding the method and scoring
system for stratifying a patient’s risk for VTE, very few
risk assessment models have been validated in the Asian
population [38–44].
The Caprini scoring system is a thrombosis risk assess-

ment model that estimates the probability of DVT [38].
Depending on the total risk factor score, patients are
grouped into four categories, including low risk, moder-
ate risk, high risk, and highest risk. The Caprini score
provides a consistent, accurate, and efficacious method
for risk stratification and selection of prophylaxis
methods [38]. It has been validated in many versions,
such as Spanish, Arabic, and Polish [39]. To date, there
have been a few attempts to validate the Caprini risk
score of an Asian population [40, 41]. Chinese studies
suggest that the Caprini score can effectively stratify
hospitalized Chinese patients into VTE risk categories

based on individual risk factors [40, 41]. The classifica-
tion of the highest risk level with a cumulative risk score
of ≥ 5 provides distinct clinical information, but further
stratification of this group of patients is needed [40, 41].
However, for patients who have undergone TKA, THA,
or hip fracture surgery, at least five scores are estimated
for this risk assessment model [40, 41]. Therefore, the
benefit of this risk assessment model has been brought
into question.
Wells scores identify patients as having a low, moder-

ate, or high probability of PE [42]. The reproducibility
and reliability of the scores have been validated. How-
ever, the original version was criticized as possibly over-
estimating the overall rate of PE in patients who were
considered to have a moderate pretest probability [42].
The Wells score for PE was revised in 2000, to reduce
the number of risk categories to two categories: an un-
likely group and a likely group [43]. The combination of
a score ≤ 4.0 by this simple clinical prediction and a
negative D-dimer test can safely rule out PE in a large
proportion of patients suspected of being at risk for PE
[43]. A study on D-dimers shows that DVT can be ruled
out in a patient who is judged clinically unlikely to have
DVT combined with a negative D-dimer test [44]. A
Doppler ultrasound can then be safely omitted in these
patients [44].
Although many methods are available, none were ex-

plicitly made for prediction of VTE after knee and hip
arthroplasty or hip fracture surgery. The application of
such a method should be used in combination with sur-
gical experiences.

8. Which patient conditions or factors are associated with
elevated VTE risk after knee and hip arthroplasty or hip
fracture surgery in an Asian population?
Recommendation
Patients conditions or factors that were reported to sig-
nificantly elevate VTE risk after knee and hip arthro-
plasty or hip fracture surgery include a history of
previous VTE, varicose veins, congestive heart failure, a
medical history of thromboembolic stroke, and a family
history of VTE.
Delegate vote: Agree 93.2%, Disagree 4.1%, Abstain

2.7% (Strong Consensus).

Justification
According to the National Institute for Health and Care
Excellence (NICE) guidance of 2010, certain factors have
been previously identified to increase the risk or inci-
dence of VTE [45]. These risk factors include (1) active
cancer and cancer treatment, (2) age over 60 years, (3)
critical care admission, (4) dehydration, (5) thrombophi-
lia, (6) obesity (body mass index [BMI] > 30 kg/m2), (7)
one or more significant medical comorbidities (e.g.,
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heart disease; metabolic, endocrine or respiratory path-
ologies; acute infectious diseases; inflammatory condi-
tions), (8) personal history or a first-degree relative with
a history of VTE, (9) hormone replacement therapy, (10)
use of estrogen-containing contraceptive therapy, (11)
varicose veins with phlebitis, and (12) pregnant women
or those who have given birth within the previous 6
weeks [45].

History of VTE A meta-analysis showed that the fixed-
effect pooled odds ratio (OR) for patients with a history
of VTE compared to those without a history of VTE was
11.87 [46]. This finding proved that patients with a his-
tory of VTE were at a significant risk of VTE after TKA
or THA [46]. An observational cohort study of Asian pa-
tients undergoing lower limb major orthopedic surgery
also confirmed that a personal history of VTE was a sig-
nificant independent risk factor for symptomatic VTE,
with an OR of 26.9 [29]. Another observational study de-
termined, after adjustment in the multivariate analysis,
that a history of VTE was significantly associated with
an increased risk of VTE at 3 months after hip surgery
[47].

Familial history of VTE Multivariate analysis con-
firmed that a familial history of VTE was a significant in-
dependent risk factor for symptomatic VTE [29].

Congestive heart failure The results of a meta-analysis
revealed that congestive heart failure was significantly
associated with a higher risk for postoperative VTE (OR,
2.03) [46]. Congestive heart failure was also an inde-
pendent risk factor for symptomatic VTE, with an OR of
5.1 [29].

Varicose veins A fixed-effect model evaluating 223,249
patients revealed that those with varicose veins were at
an elevated risk of VTE (OR, 2.60) [46]. Similarly, a
multivariate analysis of the cohort study confirmed that
varicose veins were a significant independent risk factor
for symptomatic VTE, with an OR of 3.6 [29]. Another
cohort study showed that, after adjustment in the multi-
variate analysis, varicose veins were significantly associ-
ated with an increased risk of VTE at 3 months after hip
surgery [47].

History of stroke A prospective study demonstrated the
result that a patient medical history of thromboembolic
stroke was a significant risk factor, which increased the
risk of VTE by 4.8 times compared to those without a
history of thromboembolic stroke [31].

Gender A case series of an Asian population, after joint
arthroplasty without VTE prophylaxis, showed that

3.07% of female patients developed VTE, whereas only
0.32% of male patients developed VTE [31]. This and
other findings show that female sex is a significant risk
factor for VTE in the Asian population [39]. Similarly, a
study that used the Korean Health Insurance Review
and Assessment Service database showed that females
had a higher relative risk for DVT than males [48]. How-
ever, for hip replacement arthroplasty, the relative risk
in female patients was similar to that for male patients
[48].

Old age Patients aged > 80 were at a higher risk of VTE
after TKA or THA [46]. A Korean study showed that,
when compared to patients aged < 49 years, the relative
risk of DVT was five times higher in patients aged 50–
69 and 10 times higher in patients aged > 70 years [48].
However, a prospective study showed the average age of
patients with VTE at the time of the occurrence was
79.5 years, which is 12.6 years older than the average age
of the patients without VTE, but the difference was not
significant [31].

Obesity A prospective study of VTE after joint arthro-
plasty showed that patients with VTE had an average
BMI of 23.03 kg/m2, while patients without VTE had a
higher average BMI of 25 kg/m2 [31]. However, this find-
ing was not statistically significant [40]. Similarly, BMI
was not significantly associated with the development of
DVT or PE after TKA in patients in an Asian population
[49]. By contrast, another prospective study demon-
strated that obesity was a significant risk factor of post-
operative VTE in an Indian population [50].

Active cancer A meta-analysis showed that the fixed-
effect pooled OR for patients with “active” cancer com-
pared to those without “active” cancer was 1.28 [46].
Similarly, malignancy was identified as a significant risk
factor in Indian patients [50]. By contrast, a prospective
study of hip fracture patients showed that a history of
malignancy was not a risk factor [31].

Hormonal therapy (HT) Recent systematic reviews and
meta-analyses of the general population show that VTE
risk was increased in female oral HT users compared to
nonusers, while nonoral HT did not significantly affect
VTE risk [31, 51]. However, studies including patients
after knee and hip arthroplasty or hip fracture surgery
were less founded in the literature [31, 51]. A Canadian
study showed no association between postoperative VTE
and HT in patients after knee and hip arthroplasty or
hip fracture surgery [52].
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9. In Asian patients, which surgical or perioperative
patient management factors are associated with elevated
VTE risk after knee and hip arthroplasty or hip fracture
surgery?
Recommendation
Surgical and perioperative patient management factors
that are reported to significantly elevate VTE risk after
knee and hip arthroplasty or hip fracture surgery include
revision surgery, bilateral surgery, prolonged surgical
time, prolonged time to surgery after hip fracture, and
delayed ambulation.
Surgical factors and surgical procedures that have an

unclear relation to elevated VTE risk after surgery in-
clude regional anesthesia (spinal and epidural analgesia),
prolonged intraoperative pneumatic tourniquet, and
perioperative blood transfusion.
Delegate vote: Agree 95.9%, Disagree 1.4%, Abstain

2.7% (Strong Consensus).

Justification
In Asian patients, the significant factors associated with
an elevated risk of VTE after knee and hip arthroplasty
or hip fracture surgery include revision surgery, bilateral
surgery, prolonged surgical time, prolonged time to sur-
gery after hip fracture, and delay ambulation [31, 50].
Some surgical factors and surgical procedures that have
an unclear association with an elevated risk of VTE after
knee and hip arthroplasty or hip fracture surgery are re-
gional anesthesia, prolonged intraoperative pneumatic
tourniquet, and perioperative blood transfusion [31, 50].

Bilateral procedure A prevalence study from Korea
suggested that simultaneous bilateral TKA had a signifi-
cantly higher VTE rate than unilateral arthroplasty [31].
This was due to longer operation time and excessive
motion of the joints, which might increase venous stasis
and endothelial injury in bilateral arthroplasty [31]. Re-
garding THA, a meta-analysis showed no difference in
the rate of PE between patients with simultaneous bilat-
eral THA and those with staged bilateral THA [53].

Revision surgery Revision surgery is one of the risk fac-
tors that elevates VTE risk in patients undergoing hip or
knee arthroplasty [31]. Revision surgery presents a 16.6
times higher relative risk of postoperative VTE com-
pared to primary knee and hip arthroplasty [45].

Hip fracture surgery Symptomatic postoperative VTE
after hip fracture surgery occurred in 1–9% of patients,
according to one study [47]. Prolonged surgical time and
prolonged time to surgery after hip fracture are also risk
factors of VTE [31]. An operative time of longer than
105 min had a relative risk 1.6 times higher than an op-
erative time of less than 105 min [46].

Delayed surgery Some studies suggested that patients
who had a delay of more than two days between the
fracture and admission to the hospital had evidence of
thrombosis [54, 55]. Patients with a delayed hospital ad-
mission had an increased thrombotic incidence [54, 55].
A study in Korean patients found that the preoperative
incidence of DVT in hip fractures was relatively low in
the Korean geriatric population, but delayed surgery be-
yond 72 h after injury increased the incidence of DVT
[56].

Type of anesthesia A Japanese study showed that spinal
anesthesia was significantly associated with an increased
risk of VTE in patients undergoing arthroplasty [57]. On
the other hand, VTE incidence did not differ between
use of general anesthesia and that of combined epidural/
general anesthesia [57]. However, surgeons who perform
knee or hip arthroplasty for patients who are at high
VTE risk may consider avoiding spinal anesthesia, al-
though a careful consideration of the risks and benefits
of spinal anesthesia should be conducted [57]. A meta-
analysis from five RCTs with 487 THAs also showed no
significant difference in occurrence of DVT between
general anesthesia and spinal anesthesia [58].

Pneumatic tourniquet An intraoperative pneumatic
tourniquet is widely applied in knee arthroplasty [59]. A
systematic review of RCTs suggested that prolonged oper-
ation time and use of a pneumatic tourniquet increase
VTE incidence during knee arthroplasty [59]. However,
other studies show that prolonged operation time does
not elevate VTE risk after knee and hip arthroplasty [31].

Blood transfusions Blood transfusions can affect the
blood clotting cascade, leading to a hypercoagulable state
[60, 61]. Perioperative blood transfusion is likely associ-
ated with an increased rate of VTE. Some studies show an
8.5% higher incidence of VTE in patients who received a
blood transfusion after abdominal surgery [60, 61].

10. Which patient factors or conditions are related to
bleeding risk following knee and hip arthroplasty or hip
fracture surgery in Asian patients?
Recommendation
There is no specific study that defined different bleeding
risk factors between Asian and other ethnicities.
Delegate vote: Agree 90.5%, Disagree 2.7%, Abstain

6.8% (Strong Consensus).

Justification
A multinational cross-sectional study has reported that
patient conditions that are considered as increased
bleeding risks include advanced age, thrombocytopenia,
hemophilia, and other hemorrhagic disorders, including
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intracranial hemorrhage hepatic impairment, bleeding at
hospital admission, active gastroduodenal ulcer, or a
known bleeding disorder [62].
ACCP guidelines stated that numerous individual clin-

ical factors had been linked to an increased risk of
hemorrhage, including older age, anemia, and renal dis-
ease [63]. Furthermore, from an evidence-based review
of the literature, the risk of bleeding include age > 65
years, previous bleeding, cancer, metastatic cancer, renal
failure, liver failure, thrombocytopenia with platelets <
80,000/mm3, previous stroke, diabetes, anemia, anti-
platelet therapy, poor anticoagulant control, comorbidity
and reduced functional capacity, recent surgery, frequent
falls, and alcohol abuse [64].

11. Does tranexamic acid (TXA) increase the risk of VTE
after knee and hip arthroplasty or hip fracture surgery in
Asian patients?
Recommendation
No, TXA does not increase VTE risk after knee and hip
arthroplasty or hip fracture surgery in Asian patients.
Delegate vote: Agree 95.9%, Disagree 1.4%, Abstain

2.7% (Strong Consensus).

Justification
TXA works by inhibiting the activation of plasminogen
to prevent fibrin degradation [65]. Because of the prop-
erties of antifibrinolytic drugs, there is concern about
the increased risk of arterial thromboembolic events and
venous thromboembolic events [65]. However, many
studies proved that TXA does not increase VTE risk
after knee and hip arthroplasty or hip fracture surgery in
Asian patients and is safe to use even in patients with in-
creased VTE risk [66–69].
A matched-outcome study showed that patients with a

history of VTE had a low risk of recurrent VTE after
contemporary TKA and THA, and that rate did not in-
crease with the use of intravenous TXA [65]. Several
meta-analyses have shown that TXA is safe to use in pa-
tients undergoing knee and hip arthroplasty [66, 67, 70].
Two meta-analyses suggest that TXA can reduce the
volume of blood transfusion and transfusion rate. Fur-
thermore, the application of TXA does not increase the
risk of DVT or PE [66, 67]. Another meta-analysis dem-
onstrates the lack of evidence of harm from TXA in pa-
tients undergoing total joint arthroplasty [70].
Furthermore, moderate evidence supports the safety of
TXA in patients undergoing TKA who have an Ameri-
can Society of Anesthesiologists (ASA) score of 3 or
higher. The benefits of TXA outweigh the potential risks
of thromboembolic events, even in patients with high
comorbidities [70]. Current evidences indicate that TXA
efficaciously reduces total blood loss and transfusion re-
quirements during knee arthroplasty and hip fracture

surgery without significantly increasing the risk of total
thromboembolic events, including DVT [68, 69, 71, 72].
Based on the available evidence, it can be concluded

that the administration of TXA does not increase VTE
risk after knee and hip arthroplasty or hip fracture sur-
gery in Asian patients.

12. Are clinical symptoms and signs of DVT (leg pain, leg
swelling, distended veins, and skin discoloration) useful
for a definite diagnosis of DVT after knee and hip
arthroplasty or hip fracture surgery?
Recommendation
No, clinical symptoms and signs of DVT should be used
in combination with additional investigations for a defin-
ite diagnosis of DVT.
Delegate vote: Agree 93.2%, Disagree 2.7%, Abstain

4.1% (Strong Consensus).

Justification
All patients undergoing knee and hip arthroplasty or hip
fracture surgery have an inherent risk of venous
thromboembolic complications [73, 74]. Since leg pain,
leg swelling, and discoloration are common and nonspe-
cific after knee and hip surgery, they should not be solely
used for diagnosis of DVT after knee and hip arthro-
plasty or hip fracture surgery [7, 73]. These signs and
symptoms can also confuse DVT and other medical con-
ditions such as heart failure or local infection [75–77].
During the first 4 weeks after major surgery, a local-

ized tenderness along the distribution of the deep ven-
ous system, entire leg swelling, calf swelling by more
than 3 cm when compared with the opposite leg, pitting
edema, or the presence of collateral superficial veins are
highly suspicious signs of DVT [78]. Further investiga-
tions should be performed for a definite diagnosis [78].
However, the absence of clinical symptoms and signs of
DVT can help reduce the number of diagnostic tests re-
quired for patients after knee and hip arthroplasty or hip
fracture surgery [78, 79].
Therefore, these clinical symptoms and signs are not

reliable for the diagnosis of DVT in patients after knee
and hip arthroplasty or hip fracture surgery. They should
alert orthopedic surgeons to consider additional investi-
gations for a definite diagnosis.

13. Can PE occur without clinical symptoms and signs of
DVT?
Recommendation
Yes, a PE can occur without clinical symptoms and signs
of DVT.
Delegate vote: Agree 100%, Disagree 0%, Abstain 0%

(Unanimous Consensus).
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Justification
It is believed that the most common source of PE is
untreated or undetected DVT, primarily from the pel-
vis and lower extremities [80]. However, most pa-
tients with PE do not have detectable DVT. Only 20%
of the patients with PE have an identifiable DVT [80].
When PE occurs without clinical symptoms and signs
of DVT, the condition is termed “de novo PE” [81,
82]. Regarding PE in trauma or postoperative hip
fracture surgery, it has been proposed that the clot
may not originate from deep veins but may occur de
novo in the lungs because of endothelial inflammatory
response [83].

14A. Is routine postoperative screening for DVT necessary
in knee and hip arthroplasty?
Recommendation
No, routine screening for DVT after knee and hip
arthroplasty is not necessary.
Delegate vote: Agree 94.6%, Disagree 2.7%, Abstain

2.7% (Strong Consensus).

14B. Is routine postoperative screening for DVT necessary
in hip fracture surgery?3.15.1. Recommendation
Inconclusive; there is no evidence to support routine
postoperative screening for DVT.
Delegate vote: Agree 94.6%, Disagree 4.1%, Abstain

1.3% (Strong Consensus).

Justification
VTE can occur up to 3 months after TKA and THA
and is also a common cause of readmission after
THA [84, 85]. Routine screening after knee and hip
arthroplasty cannot completely rule out postoperative
DVT [84, 85]. In THA patients with negative venog-
raphy at discharge, 20% will develop new DVT within
3 months without VTE prophylaxis [84–86]. If VTE
prophylaxis is given, the rates of symptomatic VTE
will be reduced to 1.3–10% [84–86]. AAOS and
ACCP clinical practice guidelines are in agreement
and suggest against the routine use of ultrasound for
the screening of DVT in patients after knee or hip
arthroplasty [3, 5].
Patients undergoing hip fracture surgery have a

higher risk of DVT and PE [3]. Regardless of these
findings, ACCP guidelines do not recommend routine
ultrasound screening before hospital discharge for
asymptomatic patients after hip fracture surgery [3].
However, a recent study proposed routine screening
for DVT before surgery because of a high incidence
of VTE in femoral neck fractures [87].

15. Is duplex ultrasonography a preferred initial
investigation for diagnosis of DVT after knee and hip
arthroplasty or hip fracture surgery?
Recommendation
Yes, duplex ultrasonography is a useful initial investiga-
tion for the diagnosis of DVT after knee and hip arthro-
plasty or hip fracture surgery.
Delegate vote: Agree 97.2%, Disagree 1.4%, Abstain

1.4% (Strong Consensus).

Justification
Duplex ultrasound is a noninvasive diagnostic tool for
DVT and has now largely replaced contrast venography
as the preferred test for diagnosing clinically suspected
DVT [77, 88–90]. For the diagnosis of proximal DVT,
duplex ultrasonography provides a sensitivity of 94–97%
and a specificity of 98% [77, 89, 91]. Moreover, ultrason-
ography has a positive predictive value of 100% and a
negative predictive value of 100% for symptomatic DVT.
However, the positive predictive value and negative pre-
dictive value for asymptomatic DVT are 71% and 94%,
respectively [77, 89, 91]. The duplex ultrasound sensitiv-
ity for the diagnosis of distal DVT is relatively low at
57%, and it is only 48% for detecting asymptomatic calf
vein thrombosis [77].
NICE has approved the recommendations for the re-

quest of proximal leg vein ultrasound scan in patients
suspected of DVT with a Wells score ≥ 2 (“DVT likely”)
[92]. In patients with a Wells score < 1 (“DVT unlikely”),
ultrasound should be done if the D-dimer test is positive
[92].

16. In controversial cases, what is the investigation for a
definitive diagnosis of DVT?
Recommendation
Lower leg venography, including conventional contrast
venography, computed tomography (CT) venography,
and magnetic resonance venography, can be used for a
definitive diagnosis of DVT in controversial cases.
Delegate vote: Agree 93.2%, Disagree 5.4%, Abstain

1.4% (Strong Consensus).

Justification
Leg swelling and pain can be suspicious signs of postop-
erative DVT [73, 74]. Special investigations may be re-
quired for proper evaluation [78, 79]. However, there is
no single ideal investigation for the diagnosis of DVT
[78, 79].
Conventional contrast venography has been historic-

ally quoted as a gold standard for diagnosing DVT, with
a reported sensitivity of 70–100% and a specificity of
60–88% [77, 88]. However, conventional contrast venog-
raphy is invasive, not readily available, and

Ngarmukos et al. Knee Surgery & Related Research           (2021) 33:18 Page 9 of 13



contraindicated in patients with renal insufficiency or al-
lergy to the contrast medium [77].
Recently, newer imaging technology, such as CT ven-

ography and magnetic resonance venography, have been
proposed as alternatives to conventional contrast venog-
raphy and duplex ultrasound, with comparable sensitiv-
ity and specificity [77]. Moreover, nonimaging methods,
such as standardized clinical probability assessment, and
laboratory tests, such as a D-dimer test, can be safely
used to rule out acute DVT [93].
Therefore, conventional contrast venography is now

rarely necessary for DVT diagnosis [94]. However, it re-
mains as a referential standard for clinical research and
can be utilized when results from other methods are in-
conclusive [94].

17. What is the gold standard investigation for the
diagnosis of PE?
Recommendation
The current gold standard diagnostic investigation is
pulmonary angiography. However, a computed tomo-
graphic pulmonary angiogram (CTPA) is the more pre-
ferred investigation for PE diagnosis.
Delegate vote: Agree 98.6%, Disagree 1.4%, Abstain 0%

(Strong Consensus).

Justification
PE is a potentially fatal complication following knee and
hip arthroplasty and hip fracture surgery [88]. Clinical
symptoms and signs alone have limited use for the diag-
nosis of PE [88]. Currently, pulmonary angiography is
the gold standard diagnostic tool for PE [88, 95, 96].
However, CTPA may be an alternative investigation for
the diagnosis of PE [88, 95, 96]. CTPA is the recom-
mended imaging modality for investigation of acute PE,
with a diagnostic sensitivity of 57–100% and specificity
of 78–100% [95]. However, it should be undertaken after
an assessment of the probability of PE. A recent study
has shown that a combination of risk assessment, D-
dimer testing, and CTPA is the most preferred diagnos-
tic method for diagnosing PE [97, 98]. Ventilation-
perfusion scanning is an alternative diagnostic tool for
PE in patients who are contraindicated for intravenous
contrast media, e.g., patients who have renal failure or
contrast material allergies or young females and patients
who cannot fit into the CT scanner [99].
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