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Recommendations from the
ICM-VTE: General

The ICM-VTE General Delegates*

1 - Are certain patients identified to be at greater risk for
venous thromboembolism than others?

Response/Recommendation: Certain patient popula-
tions have been identified to be at greater risk for venous
thromboembolism (VTE).

Strength of Recommendation: Limited.

Delegates vote: Agree 94.63% Disagree 2.93% Abstain
2.44% (Strong Consensus).

Rationale: Multiple studies have been published to better
identify patient populations with an elevated VTE risk. Current
literature states those with hypoalbuminemia, inflammatory
disease, non-optimal body mass index (BMI), active adeno-
carcinoma and hematologic malignancies, blood dyscrasias,
chronic kidney disease (CKD) and/or human immunodefi-
ciency virus (HIV) are at an increased risk for VTE. In addition,
ethnicity has been investigated for association with VTE.

Several studies have investigated the association of hypo-
albuminemia and VTE. A 2019 study of 188 patients with ad-
vanced gastric cancer reported a significantly lower mean serum
albumin concentration in individuals that experienced VTE
compared to controls as an independent variable in multivariate
analysis (3.38 mg/dL vs 3.65 mg/dL, respectively)'. A multivar-
iate analysis indicated hypoalbuminemia was significantly cor-
related with VTE providing further evidence of the association.
A separate study focused on identifying risk factors for VTE in
total shoulder arthroplasty (TSA) patients found those with VTE
were more likely to have a preoperative albumin level lower than
3.5 g/dL’. Lastly, a study based in China with the aim of iden-
tifying the incidence and appropriate risk factors for VTE in lung
cancer patients found patients with hypoalbuminemia (albumin
< 3.5 g/dL) to have significantly more VTE events, as an inde-
pendent risk factor’.

Current literature suggests inflammation is a risk factor
for VTE. The activation of platelets and leukocytes can trigger
the coagulation system through tissue factor induction®. A 2018
European Heart Journal article shows that patients with rheu-

matoid arthritis (RA) and mild psoriasis have significantly ele-
vated risks of VTE following traditional risk factor adjustment’.
Meanwhile, severe psoriasis and psoriatic arthritis patients with
an anti-rheumatic drug prescription were found to have an
elevated but non-statistically significant risk for VTE. A separate
research project performed in Sweden indicated an increased
VTE risk with increasing RA disease activity’. Those with in-
flammatory bowel disease (IBD), including ulcerative colitis
and Crohn’s disease, have an increased risk of VIE as well™.
Research published by the Canadian association of gastroen-
terology approximates this risk in IBD to be 3-fold higher’.
Lastly, patients with cystic fibrosis can have an increased VTE
risk through thrombophilia secondary to inflammation, the use
of central venous catheters, and the decrease of anticoagulant
proteins™.

Having an optimal BMI is one way to mitigate the risk of
experiencing VTE. A 2020 study by Pahlkotter et al., showed
that morbidly obese (BMI > 40 Kg/m?) patients undergoing
emergency surgical procedures were 1.7 times more likely to be
diagnosed with pulmonary embolism (PE) compared with
normal BMI patients. Increased BMI was also associated with
the co-diagnosis of PE and deep venous thrombosis (DVT). In
addition to this, patients with BMI < 18.5 Kg/m? or > 40 Kg/m?
were 1.4 times more likely to experience a VIE compared with
normal BMI patients'.

All forms of cancer, most commonly active adenocarci-
noma, have been shown to increase VIE rate by increasing
levels of leukocytes, platelets, and tissue factor-positive (TF+)
microvesicles. Current literature suggests cancer types can be
broadly divided into 3 groups according to VTE risk. High-risk
cancer types include pancreatic, ovarian, brain, stomach,
gynecologic, and hematologic. Intermediate VTE risk cancers
include colon and lung. While the low-risk VTE category
consists of breast and prostate cancer'’. Hematologic malig-
nancies are also associated with a higher risk of VTE"". This
subgroup represents a unique entity that undergoes therapy
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that can be thrombogenic". The overall risk of VTE in patients
with leukemia depends on the use of L-asparaginase treatment,
older age, comorbidities, and central venous catheters®.
Patients with acute promyelocytic leukemia are at particularly
high-risk of VTE but also have an increased risk of bleeding".
Patients with aggressive lymphomas have a high incidence of
VTE, roughly 10%". Patients with multiple myeloma at highest
risk of VTE are those receiving immunomodulatory agents
such as thalidomide or lenalidomide”. Allogeneic stem cell
transplantation carries a risk of thrombosis, particularly in
patients developing graft vs. host disease®.

Certain populations with blood dyscrasias have been
identified to be at greater risk for VTE. Sickle cell anemia is seen
to be associated with VTE and is more common in African and
African American populations'®. Kujovich, showed that Factor
V Leiden thrombophilia is characterized by a poor anticoag-
ulant response to activated protein C (APC) and an increased
risk for VTE. Evidence suggests that heterozygosity for the
Leiden variant has at most a modest effect on risk for recurrent
thrombosis after initial treatment of a first VTE. A short course
of prophylactic anticoagulation when circumstantial risk fac-
tors are present may prevent initial thrombosis in Leiden var-
iant heterozygotes'"”. In a prospective cohort study, Tormene
et al., described how antithrombin, protein C, and protein S
defects are well-recognized inherited risk factors for VIE in
adults. Screening for thrombophilia in children who belong to
families with these defects seems justified to identify those who
may benefit from thromboprophylaxis during risk periods for
thrombosis'®.

CKD is associated with an approximately two-fold in-
crease in VTE risk and a higher VTE mortality rate than the
population". The increased risk of VTE is graded by a declining
estimated glomerular filtration rate (eGFR) and albuminuria.
eGFR is also inversely correlated with Factor VIII, an essential
cofactor in the coagulation cascade. The lower eGFR seen in
CKD patients effectively raises Factor VIII levels and increases
the coagulability of blood to raise the risk of VTE.

HIV-positive patients are inherently hypercoagulable. HIV
viral proteins effectively attack the function of the endothelium via
pathways that reduce the synthesis of nitric oxide and upregulate
monocyte chemoattractant protein-1 and adhesion. This results
in increased leukocyte and platelet activation/adhesion to the
endothelium®. Clinically, in a recent multicenter study of 110
HIV-positive and 240 HIV-negative patients showcased increased
rates of symptomatic VTE in the HIV-positive cohort after total
hip or total knee arthroplasty. A multivariable logistic regression
adjusting for sex, smoking, history of VTE, and joint replaced
identified HIV as an independent predictor of VTE*. With respect
to viral load, one group of authors concluded that a higher viral
load, and lower CD4™ cell count, was associated with a higher risk
of thrombosis®, conversely others have found no correlations™.

Ethnicity has been studied but has yielded largely variable
results. Several studies propose African Americans as having
higher VTE incidence than Hispanics and Asian-Pacific
Islanders®. In contrast, a study conducted within an inte-

grated healthcare system found no significant difference in
postoperative VIE amongst white, African American, and
Hispanic populations. However, the model of universal in-
surance in the study does not mirror the current United States
system®?’. In communities where health access is not as
robust, it is unclear if these results are applicable.

In conclusion, certain patients can be identified to be at a
greater risk for VTE. Current literature reveals an association
between VTE with the following comorbidities: hypoalbumi-
nemia, inflammatory disease, non-optimal BMI, active ade-
nocarcinoma and hematologic malignancies, blood dyscrasias,
CKD and/or the presence of HIV. In addition to this, ethnicity
has been investigated with no clear association with VTE risk.
In the case of all the proposed risk elevators, additional research
is needed to develop appropriate risk mitigation therapies likely
for the specific disease process.

Jeremiah Taylor, William Jiranek, Jerzy Bialecki, Ronald Navarro
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2 - Are there genetic predisposing factors for VTE?

Response/Recommendation: There are 5 classic throm-
bophilias that have a genetic predisposition for venous throm-
boembolism (VTE). A large proportion of the inherited risk
factors for VIE remain undiscovered and many new loci asso-
ciated with VTE risk continue to be identified.

Strength of Recommendation: Strong.

Delegates vote: Agree 98.60% Disagree 0.47% Abstain
0.93% (Strong Consensus).

Rationale: VTE, comprising deep venous thrombosis
(DVT) and pulmonary embolism (PE), is a multifactorial
disease with many known acquired and inherited risk factors.
Family history of VTE has been estimated to have an odds ratio
(OR) of 2.2 - 2.7"*. Over the last 60 years, many gene varia-
tions that affect VTE risk have been identified through family-
based studies. Initial reports of familial aggregation of VTE
was first described in the 1990s. Five thrombophilias have
been described including: hereditary antithrombin deficiency;
protein C deficiency; protein S deficiency; Factor V Leiden and
prothrombin mutation. These classic thrombophilias have been
associated with increased VTE risk and familial aggregation of
VTE®™. Other loci such as non-O blood (ABO), fibrinogen
gamma (FGC) and hyperhomocystenemia (MTHFR) have since
been associated with increased VTE risk. Many more loci asso-
ciated with increased VTE risk continue to be discovered
through genome-wide association® .

Protein C, protein S and antithrombin are natural coag-
ulation inhibitors and deficiencies result in a hypercoagulable
state. Mutations are typically due to loss of function mutations in
the PROC, PROS1 and SERPINCI genes encoding proteins C,
protein S and antithrombin, respectively. Protein C and protein
S are vitamin K-dependent glycoproteins that inhibit Factor
VIIIa and Factor Va, cofactors in the activation for Factor X and
prothrombin, respectively™. Protein C and protein S deficiency
are both autosomal dominant traits and present in less than 1%
of the general population and 2 - 3% in patients with VTE™.
Patients with DNA analysis confirmed protein C deficiency have
been reported to have relative risk of 6.5 for VTE, compared to

control subjects”. In a family study, first-degree relatives with
protein S deficiency had a 5 times greater risk of thrombosis
compared to subjects with normal PROSI gene®. In a case-
control study comparing patients with first time VTE to con-
trols, patients with S levels in the 2.5% percentile and < 0.10
percentile had a OR of 2.31(95% confidence interval [CI], 1.06 -
5.05) and 5.44 (95% CI, 0.61 - 48.78), respectively™.

Antithrombin is a serine protease inhibitor and functions
to inhibit thrombin and activated Factor X (FXa), resulting in
decreased generation and half-life of thrombin. The SERPIN1
gene is located at chromosome 1q 23 - 25, and the most
common mutations are missense and nonsense mutations. Of
the 5 classic thrombophilias, antithrombin deficiency is the
least common, present in less than 0.2% of the general popu-
lation and 1% in patients with VTE™. A meta-analysis evalu-
ating VTE in antithrombin deficient individuals compared to
controls found an OR of 14.0 (95% CI, 5.5 to 29.0) for the first
VTE and the annual VTE risk in antithrombin deficient subject
to be 2.3% (95% CI, 0.2 - 6.5%)*. While antithrombin defi-
ciency is the least common of the classic thrombophilias,
deficiencies result in high relative risk of a first VTE and
recurrence.

Factor V and prothrombin are coagulation factors and
gain of function mutations result in hypercoagulable state.
Factor V Leiden is due to resistance to activated protein C
(APC-resistance) on Factor V. When inactivated protein C
attaches to thrombin, APC is formed and inactivates Factor Va
and VIIIa by cleaving specific sites. The most common muta-
tion, rs6025, is due to a single-point mutation that replaces
arginine with glutamine at the APC cleavage site’*'. Factor V
Leiden mutation is the most common thrombophilia and has
been estimated to be associated with up to 20% of patients with
first VTE events”. Management of Elevated Cholesterol in the
Primary Prevention Group of Adult Japanese (MEGA) study
evaluated patients with a first VTE events, heterozygous
mutations were found in 14.8% of patients and 5.2% of con-
trols, and homozygous mutations in 0.7% and 0.2%, respec-
tively. Subjects with Factor V Leiden mutation had an OR of 3.3
compared to control subjects (95% CI, 2.6 - 4.1)*.

Prothrombin is a precursor to thrombin, that is pro-
teolytically cleaved by Xa to form thrombin. The most com-
mon mutation of gene F2 is G20210A, a point mutation that
substitutes adenosine for guanosine and results in a gain-of
function mutation®. Patients who are heterozygote for pro-
thrombin G20210A have higher levels of plasma prothrombin,
however, the exact mechanism of increased VTE risk is not well
understood. In a case-control study the prothrombin A20210
allele was found in 8.01% of VTE patients compared to 2.29%
control subjects (p < 0.001), and was associated with an increased
risk of VTE (OR 3.88; 95% CI, 2.23 - 6.74)*. Other case-control
series have reported similar OR from 2.8 - 3.8°*,

A large proportion of VIE’s heritability remains undis-
covered. There is a continued effort to identify loci associated
with VTE through genome-wide association studies (GWAS),
which compare the DNA of large cohorts of patients with VTE to
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TABLE | Genome-wide significant VTE loci from three GWAS

Gene/Locus rsID T Chromosome Position F Al A2 Consequence

F5 rs6025 1 169519049 T C Arg534GIn

C4BPA rs2842700 1 207282149 A C intron

F5 rs4524 1 169511755 c T Lys858Arg

KIF26B rs1756912 1 245588095 A G intronic

RGSL1 rs55897462 1 182512200 G T intronic

CSRNP1 rs13084580 2 127962493 T C 5'UTR

PROS1 rs6795524 2 68619981 G A intron

POLE4 rs74965230 2 75182831 C T intergenic

RP11-122C5.1 rs16867574 3 39188182 C T downstream

STXBP5 rs7739314 3 93650604 C A downstream

FGG rs2066865 4 155525276 A G downstream

F11 rs4253417 4 187199005 C T intron

FGG rs2066864 4 155525695 A G intron

F11 rs2289252 4 187207381 T C intron

F11 rs2036914 4 187192481 T C intron

F11 rs4253421 4 187204937 A G intron

HLA-C rs2074492 5 38708554 T C upstream

OSMR-AS1 rs4869589 5 38707871 T G intron

SCARA5 rs10087301 6 147709180 A G intron

GRK5 rs10886430 6 31239869 G A intron

STXBP5 rs9373523 6 147701133 T G intron

ZFPM2 rs4734879 8 106583124 A G intron

MYRF rs174536 8 27820792 A C intron

ZFPM2 rs4541868 8 106590705 A C intron

ASH2L rs149680046 8 37968307 T C missense

ABO rs9411377 9 136145404 A C intron

ABO rs8176749 9 136131188 T C synonymous

ABO rs687289 9 136137106 A G intron

ABO rs2519093 9 136141870 T C intron

ABO rs579459 9 136154168 C T intron

TSPAN15 rs78707713 10 71245276 T C intron

SBNO1 rs12824685 10 121010256 G T intron

TSPAN15 rs78707713 10 71245276 C T intron

NRG3 rs1649936 10 83969121 T C intronic

F2 rs1799963 11 46761055 A G 3'UTR

VWF rs216296 11 61551927 G A intron

F2 (LRP4)§ rs191945075 11 46933311 A G Downstream (intron)

F2 rs3136516 11 46760756 G A intron

F10 rs3211752 12 123817569 G A intron

CATSPERB rs57328376 12 6154670 G A intron

MPHOSPH9 rs2851436 12 123667354 G T intron

VWF rs1558519 12 6153738 G A intron

VWF rs216311 12 6128443 T C Thr1381Ala

PLCG2 rs12445050 13 113787459 T C intron
continued
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TABLE | (continued)

Gene/Locus rsID T Chromosome Position F Al A2 Consequence

SMG6 rs1048483 14 92235039 T C intron

AGBL1 rs72755680 15 87509243 C A ncRNA intronic

PEPD rs731839 16 81870969 A G intron

GP6 rs1654425 17 1966457 C T synonymous

SLC44A2 rs2288904 19 10742170 G A GIn154Arg

CYpP27C1 rs7585314 19 33899065 T C intron

PLEK rs1867312 19 55538980 C A intron

SLC44A2 rs4548995 19 10740871 G C intron

GP6(NLRP2) § rs1671135 19 55511873 G C Downstream (intron)

PSG8 rs59559305 19 43283623 A G intronic

SNRNP70 19:49596145 19 49596145 C T intronic

(CD93) rs6083037 20 23182559 A T intergenic

EDEM2 rs10747514 20 33775369 A G intron

PROCR rs6088735 20 33745676 T C intron

PROCR rs867186 20 33764554 G A Ser219Gly

NCAM2 rs62207434 21 22780048 T C intronic

A4GALT rs9607928 22 43111772 A C intron

BRCC3 rs7051718 X 154332656 T C intron

F9 rs6048 X 138633280 A G Thr194Ala

(BCOR) § rs3002417 X 39708724 T C intergenic

F8 rs143478537 X 154424170 G C upstream
VTE=Venous thormboembolism; GWAS=Genome-wide association studies; A1=Reference Allele; A2: Alternate Allele. TReference SNP Cluster ID.
F Variant position on chromosome. §Genes of variants that are outside of protein-coding transcript bounds are shown with nearest gene
in parentheses.

control subjects. In three recent GWAS, 14, 22, and 20 suscep-
tibility genes for VTE have been discovered, respectively™ .
Previously identified and novel single nucleotide polymor-
phisms (SNPs) identified in these three studies can be found in
Table I. Many previously known VTE loci are associated with
the coagulation cascade. Herrera-Riveor et al., identified 20
susceptibility genes for VTE that do not participate directly in
the coagulation cascade and proposed increased VTE risk was
due to possible effect on platelet formation or function, car-
diovascular development, and repair, and/or inflammation™.
Ideally, in the future, genetic profiles could be established for
surgical patients to assess the risk for developing a VTE. Fur-
ther studies will need to evaluate mechanism of actions of
newly found VTE loci and their potential mechanism of VTE.

The 5 classics inherited thrombophilias include protein
C deficiency, protein S deficiency, antithrombin deficiency,
Factor V Leiden, and prothrombin G20210A. Protein C, pro-
tein S, and antithrombin deficiencies are most commonly due
to a loss of function mutation, resulting in a hypercoagulable
state. Factor V Leiden and prothrombin G20210A are due to
gain of function mutations and are more commonly found in
unselected patients with VTE. However, the classic thrombo-

philias make up a small proportion of inherited risk for VTE,
and research on new loci and their risk for VTE need to be
determined.

Jennifer A. Bell, Michael H. Huo, Jay R. Lieberman
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3 - Is there a correlation between age and the risk of VTE
in patients undergoing orthopaedic procedures?

Response/Recommendation: Increasing age is associated
with an increased risk of postoperative venous thromboembo-
lism (VTE) in patients undergoing orthopaedic procedures.

Strength of Recommendation: Strong.

Delegates vote: Agree 99.53% Disagree 0.47% Abstain
0.00% (Strong Consensus).

Rationale: Increasing age is an important risk factor for
the development of VTE"** as well as for a poor outcome
following an acute VIE****". The incidence of this complica-
tion has been shown to increase exponentially with age®* and
this increase in risk is similar in both male and female indi-
viduals™. Studies have revealed that the prevalence of estab-

lished VTE risk factors also varies with age®. In addition to
major surgery, malignancy accounts for approximately 20% of
the overall incidence of VTE®®. Familial and genetic factors are
also important for the development of VTE, although the rel-
ative contribution of familial factors declines with age™. Several
epidemiologic studies have shown that the rate of VTE events
following knee or hip joint replacements increases significantly
with a patient’s age™™.

The results of some key studies are presented as follows:
White et al., demonstrated that patients’ age was independently
associated with a thromboembolic complication (odds ratio [OR]
1.15 for each 10-year increase in age over 50 years and a 95%
confidence interval [CI], 1.1 - 1.3) among 19,586 patients who
underwent primary hip arthroplasties and 24,059 who underwent
primary knee arthroplasties™. In a large nationwide study on hip
replacements including 1,885,839 patients from 2005 - 2016 in
Germany, Keller at al.,, reported that the number of VTE events
increased with age (B 0.33 per age decade [95% CI 0.30 - 0.35])“.
A second study including 1,804,496 hospitalized patients who had
elective primary knee joint replacement demonstrated that VTE
risk was age-dependent (8 0.14 [95% CI 0.12 - 0.15], per age
decade)®. In accordance with these findings, in the Danish Knee
Arthroplasty Registry, Pedersen et al., identified 37,223 primary
knee arthroplasties performed from 1997 - 2007 in patients who
received pharmacological thromboprophylaxis”. The risk of a
hospitalization with VTE increased with increasing age, and this
risk was highest in patients > 80 years old (adjusted relative risk
[RR] 1.58 [95% CI 1.01 - 2.47]) compared to patients < 50 years”.
Yhim et al., analyzed 306,912 patients with total joint replacement
(261,260 total knee arthroplasties [TKA] and 45,652 total hip
arthroplasties [THA]) in the Health Insurance Review and As-
sessment Service (HIRA) database®. Patients > 60 years (OR 2.20
[95% CI 1.98 — 2.45]) showed a higher risk of postoperative VTE
compared to patients < 60 years®'. In the New York State database
from 1985 - 2003, Lyman et al., analyzed 152,461 patients who
had THA and 162,085 who had TKA". Increased age was asso-
ciated with higher number of VTE events (TKA: OR 1.03 per
10-year increase in age [95% CI 1.00 - 1.06]; THA: OR 1.10 per
10-year increase in age [95% CI 1.07 - 1.13])*. In a separate study,
Wu et al,, analyzed 114,026 patients undergoing THA (n =
61,460) or TKA (n = 52,566) between 2002 - 2006 using the
National Health Insurance database of Taiwan and found that
VTE rates in patients aged 60 — 69 (OR 2.33 [95% CI 1.34 - 4.06])
and 70 — 79 (OR 1.90 [95% CI 1.15 - 3.16]) years were higher
compared to those who were younger than 50 years™.

In contrast, only a very few studies have reported no
relationship between age and the incidence of VTE**. Fur-
thermore, others have reported divergent results for THA and
TKA®®. Data from the Spanish National Discharge Database in
2005 — 2006 revealed that age > 70 years was associated with
VTE in THA (OR 1.5 [95% CI 1.1 — 1.9]), but not associated
with VTE in TKA”. When analyzing 93,071 THA and 223,600
TKA in the Nationwide Inpatient Sample (NIS) database from
2003 - 2006, Kapoor et al., observed that age = 80 years was
accompanied by a higher postoperative VTE rate following



10

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 104-A - NUMBER 6 (SUPPLEMENT 1) - MARCH 16, 2022

RECOMMENDATIONS FROM THE ICM-VTE: GENERAL

THA compared to patients aged 65 - 69 years (OR 1.30 [95% CI
1.05 - 1.60]), but advanced age was not associated with a higher
VTE rate in patients who underwent TKA™.

Although the rate of VTE after orthopaedic surgeries of the
upper limb is substantially lower than after orthopaedic surgeries
of the lower extremities®, an age-dependent increase was also
found in most of these studies**". In the study by Lyman et al.,
including 13,759 patients who underwent shoulder arthroplasty,
an increase in VTE occurrence (OR 1.19 [95% CI 1.02 - 1.37])
was seen with every 10-year increase in age™. Consistent with this,
Kunutsor et al., conducted a large study of 672,495 primary
shoulder and elbow replacements, observing that age > 70 years
was associated with an elevated risk for VTE (RR 1.15 [95% CI
1.08 - 1.22])®. Jameson et al., similarly found an increased VTE
risk after arthroscopy of the shoulder in 65,302 patients aged = 70
years vs. < 60 years, but this association was not demonstrated in
10,229 patients undergoing elective shoulder replacement and
4,696 patients undergoing proximal humeral fracture surgery™.

The influence of age on VTE risk in patients with frac-
tures of the lower extremity and oncologic orthopaedic sur-
geries were not consistent™'". In patients undergoing surgical
treatment of fractures below the hip, age > 60 years was iden-
tified as a risk factor for VTE (RR 1.85 [95% CI 1.34 - 2.55]) in
191,294 patients™. Similarly, Park et al., showed that advanced
age of > 60 years was associated with higher risk of VTE (OR 3.1
[1.3 - 7.4]) in 901 patients who underwent surgical treatment
of fractures below the hip”. In addition, Zhang et al., reported
that patients > 65 years of age had a higher risk of preoperative
deep vein thrombosis following closed distal femur fractures
(OR 4.39 [95% CI 1.73 - 11.16)'*.(P%>) In contrast, the study by
McNamara et al., that analyzed 5,300 hip fracture patients re-
vealed no age-dependent impact on VTE occurrence™.

A study by Congiusta et al., utilized the NIS database to
determine the VTE rate after benign as well as malignant
musculoskeletal tumor surgery''. After analyzing more than
18,000 patients with benign tumors and more than 69,000
patients with malignant musculoskeletal tumors, all age groups
except for patients > 80 years had a higher frequency of VTE
following malignant tumor surgery compared to the < 30 years
age group'”’. In patients who had surgery for benign muscu-
loskeletal tumors, only patients > 80 years had a higher VTE
risk'”. Fu et al., showed that in patients who had surgery for
musculoskeletal tumors, an age of > 60 years was associated
with a higher VTE rate in comparison to patients aged < 60 years
(26.4% vs. 21.2%)”. The study by Yamaguchi et al., identified age
> 70 years as a risk factor for VTE events in 94 patients under-
going musculoskeletal tumor resection™. In contrast, other studies
were not able to detect an association between age and VTE
occurrence™” 1%,

In view of the wealth of national registry-based studies
with large cohorts undergoing primary major joint replace-
ments, fracture surgeries and orthopaedic tumor surgeries,
there is ample evidence demonstrating an association between
increasing age and a higher risk of VTE after orthopaedic
surgery®* #2919 "This association was stronger for patients

who underwent THA*™® compared to TKA™®. Although a
patient’s age seems to be a weaker risk factor compared to other
VTE risk factors (e.g., immobilization), it should be recognized
that the prevalence of important concomitant VTE risk factors
(e.g., malignancy) also increases with advanced age®*>®7"7>1%,

Karsten Keller, Lukas M.A. Hobohm
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4 - Is the risk of VTE following orthopaedic procedures
related to ethnicity or race? If yes, should VTE prophylaxis
be altered or changed based on race and/or ethnicity?

Response/Recommendation: At this time, evidence is
insufficient to suggest that venous thromboembolism (VTE)
prophylaxis should be altered based on race/ethnicity.

Strength of Recommendation: Limited.

Delegates vote: Agree 95.12% Disagree 2.44% Abstain
2.44% (Strong Consensus).

Rationale: As VTE is a post-operative complication of
utmost importance to orthopaedic surgeons, studies in recent
years have examined the relationship between race and post-
operative VTE to determine whether a patient’s racial back-
ground is correlated to their risk of developing VTE. Multiple
studies have found black patient populations to dispropor-
tionately suffer from higher rates of VTE following ortho-
paedic procedures'™ . Multiple studies examining post-
operative complications in total knee arthroplasty (TKA) and
total hip arthroplasty (THA) found a significant correlation
between black race and incidence of VTE'"'®. Other studies
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examining post-operative complications in total shoulder
arthroplasty, hip fracture surgery, and spine surgery similarly
found an association between black race and VTE"*'"". How-
ever, this is not a universal finding. A few studies have found no
significant correlation between post-operative VTE and
race'™"". Blum et al., found no association between VTE and
African American race in analysis of a regional database'”.
However, the patients in the African American group within
that study were significantly younger and healthier compared to
other racial groups, which may infer an inherent selection bias
(as stated by the authors) in patients opting for TKA in that
regional study. Another one of these studies demonstrated no
significant correlation between race and post-operative VIE and
only included elective pediatric orthopaedic procedures, thus the
generalizability of these results to older populations is ques-
tionable'". One study examining short-term complications
following patellofemoral arthroplasty had similar findings,
however the time course chosen excludes any potential VTE
events that could have occurred beyond thirty days'’.
Furthermore, a retrospective study conducted at a Level
1 trauma center found no difference in outcomes with respect to
race for operatively treated tibia fractures'®. However, the
authors note that the study was underpowered to definitively
state that there is no difference between the two groups and the
analysis of one specific center limits the generalizability of the
results. Moreover, a cross-sectional study analyzing data from
the Nationwide Inpatient Sample (NIS) database in the U.S. did
find black race to significantly increase patients’ risks of VTE
following TKA'™. The large statistical power within this study (n
= 1’460,901) and the use of national data increases the gener-
alizability of this study’s findings compared to the aforemen-
tioned studies.

It is currently unclear whether these disparities are
associated with environmental differences, such as access to
care, implicit bias, and socioeconomic status, or biologic/
genetic differences across races. Two recent studies examining
post-operative complications in TKA and TKA procedures
conducted within an integrated healthcare system found no
significant difference in post-operative VTE amongst white,
black, and Hispanic populations and a significantly lower rate
amongst Asian-Americans*”'*'. A notable characteristic of these
studies is universally insured status of the populations, which
may have played a role in mitigation of these disparities. As the
model of integrated care and universal insurance within this
specific system may not mirror most current systems within the
U.S,, it is unclear if these results are applicable to other health
care delivery systems where access to care is not as robust.
Another study seeking to examine whether racial disparities are
associated with complications in tibial plateau fracture care,
found that while treatment choices were impacted by patient’s
racial backgrounds (African Americans and Hispanics were
more likely to undergo nonoperative treatment), there was no
significant difference in rates of deep venous thrombosis (DVT)
or pulmonary embolism (PE) when patients did receive opera-
tive treatment'”. Additional studies are needed to address the

underlying factors contributing to possible differences in VTE
due to treatment course amongst races.

There are numerous studies conducted in Asia that have
suggested that Asian patients experience lower rates of VTE'**'*,
An issue with most of these studies is that populations are
exclusively Asian and results within these studies are compared
to results in Western studies, rather than directly comparing
multiple races within a single study. Additionally, several of
these studies are retrospective, which is inherently susceptible to
bias'**'*. One therapeutic study following 184 patients found a
low incidence of asymptomatic VIE (5%) and no episodes of
fatal or symptomatic VTE in Asian patients undergoing elective
hip surgery at a single center'”. Additionally, a systematic review
examined studies from 1979 - 2009 that included post-operative
VTE in Asian patients undergoing hip fracture surgery, THA,
and TKA and similarly found lower rates of proximal and
symptomatic DVT compared to Western reports with no fatal
cases of VTE'”. A meta-analysis reviewed studies from 1996 -
2011 pertaining to Asian patients undergoing TKA and found an
overall incidence of symptomatic PE to be 0.01%, overall inci-
dence of DVT to be 40.4%, proximal DVT to be 5.8% and
symptomatic DVT to be 1.9%'”. Similar results were demon-
strated in a meta-analysis conducted by Liew et al., however
there is a discrepancy in the conclusion drawn between these two
papers. The former questions the potential benefit of chemical
prophylaxis based on lower rates of VIE within these popula-
tions. The latter states that though incidence is lower, rates are
still significant enough to warrant consideration of prophylaxis
for Asian patients'’. Complicating the picture further is a pro-
spective study following 724 Taiwanese patients undergoing
TKA found a similar incidence of DVT compared to Western
studies'®*. Thus, there remains disagreement as to whether
chemoprophylaxis should be routinely utilized within Asian
patients who lack significant prothrombotic risk factors. In two
studies examining prevalence of VTE in Asian patients
undergoing TKA and THA, respectively, who were treated
solely with mechanical prophylaxis, Kim et al., found a low
overall incidence of VTE"""*?, Yeo et al., found similar results in
Asian patients undergoing knee arthroscopy or arthroplasty
who were given a regimen of rehabilitation and mechanical
prophylaxis'®. Loh et al., found that there was no significant
difference in VTE between Asian patients given mechanical
thromboprophylaxis and those given chemoprophylaxis in
addition to mechanical prophylaxis post TKA'**. Sugano et al.,
retrospectively reviewed 3,016 Asian patients undergoing hip
surgery at 5 different centers and concluded that mechanical
thromboprophylaxis without anticoagulant drugs is safe and
effective for this patient population'?.

Furthermore, little is known about whether race can suf-
ficiently be utilized as a factor considered when risk stratifying a
patient and whether chemoprophylaxis will lead to mitigation of
these disparities or create additional disparities (i.e., hemor-
rhage). Many of the previously mentioned studies within Asian
populations demonstrated that mechanical prophylaxis alone
may be sufficient for thrombosis prevention, however additional
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TABLE Il Rates of VTE and Odds ratios for various races reported in studies

Latino/ Odds ratio
White rate Hispanic Black rate Odds ratio Odds ratio of VTE Hispanic
of post- rate of post- of post- Asian of VTE Black of VTE Asian ethnicity
operative operative operative rate of post- race relative to  race relative to relative to
Study Procedure VTE (%) VTE (%) VTE (%) operative VTE White race White race White race
Daietal."™  TKA 0.83 0.81 1.06 - 1.34 - 0.98
Owens TKA 1.4 - 2.2 1.1 1.14 0.94 -
etal.**®
Cram TKA 0.6 - 1.14 - - - -
etal.*®®"
Cram THA 0.2 - 0.4 - - - -
etal.’*®
Dua TKA - - - - 1.3 - -
etal.®""
Dua THA - - - - 2.2 - -
etal. "
Zhang THA/TKA - - - - 1.29 - -
etal.'®®
SooHoo TKA - - - - 1.74 - 0.84
etal.’*®”
Lung TSA 0.6 0 1 0 3.26 - -
etal.**®
Nayar Hip Fracture Surgery  0.73 - 1.28 0.45 1.8 - -
etal.™*"
Best TSA/RTSA - - - - 1.97 - -
etal*®
Best TSA/RTSA - - - - 0.97 - -
etal."**""
Sanford Cervical Spine 0.1 - 0.5 - 4.343 - -
etal*® Surgery
Sanford Lumbar Fusion 0.8 - 1.3 - 1.55 - -
etal.**®
Sanford Decompression 0.2 - 1.1 - 5.764 - -
etal.**?" Laminectomy
Sanford Cervical Spine 0.1 - - - - - -
etal.**"”" Surgery
Sanford Lumbar Fusion 1.1 - 3.3 - 3.72 - -
etal.**®"”"
Sanford Decompression 0.8 - 0.6 - 0.773 - -
etal."*"" Laminectomy
Fineberg Lumbar - - - - 1.8 - -
etal™* Decompression/
Lumbar Fusion
Blum TKA 2.6 - 2.2 - - - -
etal*®
Georgopoulos Elective pediatric 0.06 0.07 0.04 0.15 - - -
etal.**® surgeries
Driesman Closed treatment 0.7 0.6 0.7 - - - -
etal.**® and operative
fixation of tibial
plateau
continued
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TABLE Il (continued)

Latino/ Odds ratio
White rate Hispanic Black rate Odds ratio Odds ratio of VTE Hispanic
of post- rate of post- of post- Asian of VTE Black of VTE Asian ethnicity
operative operative operative rate of post- race relative to  race relative to relative to
Study Procedure VTE (%) VTE (%) VTE (%) operative VTE White race White race White race
Hinman TKA 1.1 0.9 1.1 0.7 1.03 0.59 0.9
etal.”*
Okike THA 1 0.8 1.1 0.3 1.1 0.29 0.85
etal.***
Piper Spine surgery - - - - 2.11 - -
etal.*®
Kim Elective adult spinal 1.9 0.9 1.8 - - - -
etal.**® deformity procedures
Kim Posterior Lumbar 1 1 1.1 - - - -
etal.*® Spine Fusion

measured rather than overall VTE.

VTE=Venous thromboembolism; TKA=Total knee arthroplasty; THA=Total hip arthroplasty; TSA=Total shoulder arthroplasty; RTSA=Reverse total
shoulder arthroplasty. *Pulmonary embolism was specifically measured rather than overall VTE. **Deep venous thrombosis was specifically

studies conducted with diverse racial/ethnic populations are
needed to generalize such results. Piper et al., sought to identify
risk factors associated with VTE in patients undergoing spine
surgery and found African American race to significantly in-
crease patients’ risk of experiencing VIE'”. Researchers in this
study also created a risk score based on identified factors, which
included African American race, and found that the score was
able to predict postoperative VTE rate. Two additional studies
incorporated race/ethnicity into a computer learning model that
demonstrated proficiency in predicting post-operative VIE in
patients undergoing spinal surgeries. These studies suggest the
feasibility of indeed utilizing race as a concrete risk factor while
risk stratifying patients. However, additional studies are needed
to suggest that chemoprophylaxis in conjunction with risk
stratification may reduce incidence of VTE in at-risk groups"*'’.
A study conducted by Heijiboer et al., retrospectively examined
data on patients undergoing orthopaedic below-knee surgery
and found that nonwhite race was significantly correlated with
increased risk of VTE in patients who did not receive chemo-
prophylaxis. While assessing risk factors for patients who did
receive chemoprophylaxis, Heijiboer et al., found no significant
correlation between race and VTE™. While it is known that
Virchow’s triad (intravascular vessel wall damage, hypercoagu-
lable state, and stasis of flow) contribute to thrombosis, this
study may suggest that environmental factors, such as access to
care and underuse, impact these factors to a greater extent
than inherent biological differences between racial groups. See
Table II for the rates and odds ratios of VTE for various races
reported in the studies. At this time, evidence is insufficient to
suggest that VIE prophylaxis should be altered based on race/
ethnicity.

David O. Alfaro, John Callaghan, Ronald Navarro
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5 - Is there a definite association between BMI and VTE?

Response/Recommendation: Extensive evidence confirms
a definite association between unprovoked venous thromboem-
bolism (VTE) and increasing body mass index (BMI). However,
the evidence linking BMI to postoperative VTE is more equivocal.

Strength of Recommendation: Moderate.

Delegates vote: Agree 95.15% Disagree 3.88% Abstain
0.97% (Strong Consensus).

Rationale: VTE is a multifactorial disease, resulting from the
interaction of genetic and acquired risk factors. Multiple observa-
tional population based studies demonstrate that obesity, as as-
sessed by increased BMI, is an independent risk factor for increased
risk of VIE in the nonsurgical patient™' This association
between BMI and VTE has been demonstrated to likely be causal
in Mendelian randomization studies"*'*. The World Health
Organization (WHO) classifies BMI into underweight (BMI < 18.5
Kg/m?), normal weight (BMI between 18.5 - 24.9 Kg/m?), over-
weight (BMI between 25 - 29.9 Kg/m?), Class 1 obese (BMI
between 30 - 34.9 Kg/m?), Class 2 obese (BMI between 35 - 39.9
Kg/m?), and Class 3 obese (BMI > 40 Kg/m?)'*. In clinical practice
obesity is typically defined as BMI > 30 Kg/m?"*. With regards to
orthopaedic surgery, conflicting evidence has been reported. The
majority of studies have found that BMI > 30 Kg/m? correlates to a
greater risk of VIE in both total hip arthroplasty (THA) and total
knee arthroplasty (TKA)"**. However, other studies have refuted
these findings and have not detected and a correlation between high
BMI and postoperative VTE''?. In a systematic review and
metanalysis, Zhang et al., found BMI > 30 Kg/m? to increase the
risk of VTE in patients undergoing primary TKA and THA'. A
larger metanalysis of 89 studies including 14°763,963 joint
replacements found an increasing risk of VIE with increasing
BMI, relative risks > 25 Kg/m? vs. < 25 Kg/m? 1.40 (1.24 - 1.57),
> 30 Kg/m? vs. < 30 Kg/m? 1.65 (1.23 - 2.22), and > 50 Kg/m? vs.
<50 Kg/m?1.72 (1.10 - 2.67)"*. In analysis of the American College
of Surgeons - National Surgical Quality Improvement Program
(ACS-NSQIP) database, Sloan et al., found elevated BMI did not
increase the risk of deep venous thrombosis (DVT) in revision
TKA or THA, however in patients undergoing primary THA and
TKA elevated BMI was associated with elevated risk of pulmo-
nary embolism (PE)'”. In a single institution study of 26,391
primary and revision TJA Parvizi et al., found that elevated BMI
(p < 0.035) was an independent risk factor for symptomatic
PEISO.

Obesity, as reflected in increased BMI, has not only been
proven as a risk factor for VTE in THA and TKA but also in
patients undergoing several other areas of orthopaedic sur-
gery. In total shoulder arthroplasty obesity has been found to
be a risk factor for VIE'**'®. Obesity is also an independent
risk factor for increased incidence of VTE after hip arthros-
copy’*'”!, as well as shoulder and knee arthroscopy'”. Obese
patients have also found to be at an increased risk of VTE
following foot and ankle surgery'”"”. Although in patients with
chronic Achilles tendon ruptures, elevated BMI trended towards
association with VTE but did not reach statistical significance'”.
The literature in spine surgery generally continues to support
BMI as a risk factor for VTE"”'®, although there is not a uni-
versal consensus'®**, In patients who underwent lumbar spine
surgery the risk for DVT was higher in overweight patients and
increased for subsequent obesity classes'””. This is supported by
metanalysis performed by Jiang et al., who noted odds ratio
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[OR] of 3.15 (95% confidence interval [CI] 1.92 - 5.17) for
increased risk of VTE in obese patients, being defined as BMI >
30 Kg/m?!78,

The exact etiology of a possible correlation between obesity
and increased risk of VTE remains unknown. Obese patients may
be at increased risk for VTE secondary to longer operative times,
lower postoperative mobility, and ineffectiveness of mechanical
prophylaxis'’. Obesity has been associated with inflammatory
states that may contribute to increased thrombus formation and
subsequent embolization'"'*. Furthermore obesity is associated
with reduced fibrinolysis attributable to increased concentrations
of type-1 plasminogen activator inhibitor (PAI-1), an inhibitor of
endogenous fibrinolysis, shifting the balance between thrombosis
and thrombolysis towards thrombosis'®.

The association between BMI and VTE remains unproven.
Obese patients are also at higher risk of bleeding and wound
related complications. Thus, the use of any thromboprophylaxis
should be balanced against the increased risk for complications
and bleeding in obese patients™'*.

Ana Torres, Emanuele Chisari, Jessica Morton, Emilio Romanini,
Vitali Goriainov, Nicola Gallagher, Rajiv Kaila,
Antonio J. Andrade, David Beverland
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6 - Does a history of prior VTE influence the rate of
subsequent VTE in patients undergoing orthopaedic
procedures?

Response/Recommendation: Patients with a previous
history of venous thromboembolism (VTE), including both deep
venous thrombosis (DVT) and pulmonary embolism (PE), are ata
higher risk of developing VTE following orthopaedic procedures.

Strength of Recommendation: Strong.

Delegates vote: Agree 99.51% Disagree 0.00% Abstain
0.49% (Strong Consensus).

Rationale: Patients with a previous history of VTE, including
both DVT and PE, present a challenge to orthopaedic surgeons
when considering postoperative VIE prevention. The recent VTE
prophylaxis guidelines presented by the American College of Chest
Physicians (ACCP) as well as the American Academy of Ortho-
paedic Surgeons (AAOS) have identified patients with a previous
history of VTE as high-risk for thromboembolism'**'*. While
questions concerning history of VTE are an important part of a
patient’s preoperative protocol when undergoing orthopaedic
surgery, it is important to determine if a prior history of VTE, isa
significant risk factor for VTE following orthopaedic surgery.

A substantial body of literature exists that reports an
increased risk of VTE following surgery in patients with a prior
history of a VTE event'”'”. Nemeth et al., longitudinal follow-
up cohort study determined that patients with a history of
VTE who undergo surgery have a significantly higher risk of
recurrent VIE compared to those with no history of VTE™.
Major orthopaedic surgery was associated with one of the
highest risks of recurrence. These findings corroborate with

those presented by Bahl et al., which utilized data from the
National Surgical Quality Improvement Program (NSQIP) to
validate an external VTE risk calculator™'. History of VTE was
identified as a significant risk factor for developing VTE after
general and major orthopaedic surgery.

The association between a previous history of VTE and an
increased VTE risk has also been thoroughly studied in the
orthopaedic surgery literature. Many of these studies focus on
total joint arthroplasty (TJA)"*', spine surgery"*'”"**, and below
the knee procedures', as they carry the highest risk of postop-
erative VIE™. Zhang et al., systematic review on VTE risk factors
following TJA identified nine significant risk factors for VTE and
found history of VTE to be the most significant'. Additionally, a
VTE risk calculator developed by Parvizi et al., for patients un-
dergoing TJA using National Inpatient Sample (NIS) data iden-
tified history of VTE to be a major risk factor'”. Studies focusing
on VTE in other orthopaedic specialties, such as spine and foot
and ankle, have similarly found history of VTE to incur a greater
postoperative VTE risk. The NSQIP data utilized in McLynn et al.,
study, looked into characterize risk factors for VTE after elective
spine surgery”'. Through the use of multivariate logistic regres-
sion analysis, the authors found a significant association between
history of prior VTE with postoperative VTE. Similarly, in Heij-
boer et al., study on VTE following below the knee orthopaedic
surgeries, they determined history of VTE to be a significant risk
factor'”. While the incidence is low, history of VTE has also been
associated with an increased rate of VTE following both lower and
upper limb arthroscopic procedures™>",

While it is widely accepted that a previous history of VTE
is associated with a greater VTE risk, it is difficult to validate
through a randomized controlled trial as patients with a history
of VTE are generally excluded from these studies. However, the
vast amount of retrospective data from both institutional and
national patient databases demonstrates the important associa-
tion between the two events. Additionally, as many externally
validated risk stratification tools include history of VTE in their
calculation, it is essential to consider history of VTE when
deciding on postoperative VTE prevention in patients under-
going orthopaedic surgery'**®.

Leanne Ludwick, Noam Shohat
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7 - Does the type (DVT vs. PE) or timing (remote vs.
recent) of prior VTE influence the risk of subsequent VTE
following orthopaedic procedures?

Response/Recommendation: While it seems a reason-
able assumption that patients with a history of venous throm-
boembolism (VTE) are at higher risk of post-operative VTE,
there is little high-quality literature available regarding the effect
of type or timing of prior VIE on subsequent VTE risk.

Strength of Recommendation: Limited.

Delegates vote: Agree 93.60% Disagree 3.45% Abstain
2.96% (Strong Consensus).

Rationale: It is well understood that surgical patients are
atincreased risk of VTE****"., A collection of systematic reviews,
consensus opinions, meta-analysis, and personal opinion
statements all suggest that patients with a history of VTE are
at a higher risk of subsequent VTE after orthopaedic proce-
dures®**'**"*?'°, Based on one systematic review, these patients
are up to 6 times more likely to develop symptomatic VTE after
total joint arthroplasty (TJA) and have higher rehospitalization
rates than average®”’. Unfortunately, little high-quality data is
available specifically addressing patients with a history of VTE
as most prospective trials evaluating VTE prophylaxis exclude
patients with a history of VTE***".

As such, there is no concrete evidence to suggest whether
the time interval or type of VTE affects the risk of subsequent
VTE following orthopaedic surgical procedures. One of the

largest studies of orthopaedic patients with a history of VTE
found multimodal thromboprophylaxis to be effective in this
population but they did not analyze the relative risk of subse-
quent VTE conferred by remote vs recent clot or deep venous
thrombosis (DVT) vs. pulmonary embolism (PE)*. A large
retrospective study by Ahmed et al., demonstrated that personal
history of VTE was significantly associated with postoperative
VTE but did not report the type or timing of prior VIE**. One
study on non-surgical patients with prior VTE, demonstrated an
increased risk of recurrent VTE as time passed. In this study, the
risk of recurrent VTE was 17.5% after 2 years, 24.6% after 5
years, and 30.3% after 8 years™'. Finally, a recent study evaluating
risk stratified VTE prophylaxis included patients with history
of VTE in their high-risk cohort but did not report whether
patients had history of DVT or PE*.

Given the lack of data on the subject, it is not possible to
answer the question as to whether prior history of DVT and/or PE
and the timing of these VTE events (remote vs. recent) defi-
nitely influence the risk of subsequent VTE following orthopaedic
procedures. Studies directly addressing the question of how the
type and timing of prior VTE affects the risk of subsequent VTE
after orthopaedic surgery are recommended.

Brendan Gleason, Camilo Restrepo, William ]. Hozack
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8 - Do patients with an underlying diagnosis of infection
(local or systemic) undergoing orthopaedic procedures
have an elevated risk for subsequent VTE?

Response/Recommendation: Patients with a systemic
infection undergoing orthopaedic procedures have a higher
risk of postoperative venous thromboembolism (VTE). This
relationship for local infection is not proven.

Strength of Recommendation: Moderate.

Delegates vote: Agree 95.07% Disagree 2.46% Abstain
2.46% (Strong Consensus).

Rationale: The incidence of the VTE after musculo-
skeletal procedures on patients with the diagnosis of infection
has not been well studied in the literature’”. Grimnes et al.,
found that hospitalization with acute infection was a strong
VTE trigger with a 20-fold higher risk**. Other studies also
supported this finding, showing that hospitalization with in-
fection cases were an independent risk factor for VTE***%,

Amaro et al.”*; in a study on the relationship between
C-reactive protein (CRP) and VTE prevalence in pediatric
population with musculoskeletal infection (MSKI), demon-
strated that the rate of VIE in children with MSKI was
markedly elevated compared with hospitalized children in
general. The results of their study showed that every 20 mg/L
increase in peak CRP was associated with a 29% increased risk
of thrombosis (p < 0.001). Peak and total CRP were strong
predictors of thrombosis™®. Baker et al., reported that surgery
for infection was the procedure with the highest VTE rate
(1.2%) in a cohort of 14,776 pediatric orthopaedic proce-
dures®. Bokshan et al., in a study on risk factors for deep
venous thrombosis (DVT) or pulmonary embolism (PE) fol-
lowing anterior cruciate ligament reconstruction reviewed
9,146 cases and found that presence of wound infection was
associated with increased risk of developing VIE*. Parvizi
et al,, in a study on individualized risk model for VTE, utilized
the National Inpatient Sample (NIS) data. They identified
1’721,806 patients undergoing total joint arthroplasty (TJA),
among whom 15,775 (0.9%) developed VTE after index arthro-
plasty. They identified all independent predictors of VTE after TJA
and determined the weight for each factor. Systemic sepsis was
among the highest scores in predicting VTE after arthroplasty™'.
Accordingly, in a recent meta-analysis including 672,495 primary
total shoulder and elbow replacements, Kunutsor et al., reported
that there is evidence of statistically significant associations of VTE

with urinary tract infection™.

The pathogenesis of VTE in infection cases has been
linked to neutrophil activation and release of neutrophil extra-
cellular traps (NET) via a process called NETosis*”. While ef-
fective for bacterial clearance, the innate immune response could
also trigger vascular thrombosis™”. The case of infection also has
been found to contribute to the pathogenesis of VTE by accel-
erating the effects of immobilization**. Furthermore, the pres-
ence of bacteremia (either community-acquired or hospital-
acquired) has been reported to be associated with a higher risk of
VTE>>*”, Kaplan et al., reported that the systemic inflammatory
milieu in sepsis is believed to uniquely predispose patients to
VTE*®. A nationwide population-based cohort study in China
reported that the risk of developing DVT was 2.49-fold in
patients with chronic osteomyelitis compared with the com-
parative group after adjusting for age, sex, and comorbidities™”.
Perioperative infections were associated with a higher risk for
VTE in patients who received total hip arthroplasty (THA) and
total knee arthroplasty (TKA)***"".

A number of studies reported patients with an underly-
ing diagnosis of infection undergoing orthopaedic procedures
have a higher risk of VTE****?**, Boddapati et al., studied
differences in 30-day outcomes including postoperative com-
plications in revision TKA between revisions for infection and
revisions for non-infection causes. They included and com-
pared 162,981 primary TKA with 12,780 revision TKA, of
which 2,196 were performed for periprosthetic joint infection
(PJI). They found greater risk of short-term morbidity and
mortality including higher rate of VTE in patients who un-
derwent implant revision for infection. Incidence of VTE was
0.85% in non-infection revisions and 1.37% in revisions for
infection®”. Courtney et al., in a study on incidence of VTE in
revision THA within 30 days from surgery, reviewed 74,405
patients including 7,566 revision cases. They found that, although
revision THA alone was not an independent risk factor for DVT
and PE when compared to primary THA, patients undergoing an
arthroplasty procedure for infection, operating time > 3 hours,
and age > 70 years were at higher risk for VTE*,

Despite few publications in favors of relationship between
infection and rate of VTE, there are some publications that do
not draw the same conclusion. Boylan et al., in a study on
comparing rate of VTE in revision and primary TKA compared
208,954 primaries and 16,630 revisions for the incidence of VTE
in 30 and 90 postoperative days. They found the risk of VTE was
lower for revision TKA compared with primary TKA*”, They did
not exclude revisions for infection cases. Georgopoulos et al., in
another study on 143,808 admissions of children for elective
surgery found that overall rate of VTE was 0.05%. They found
that VTE happened more frequently in cases of increasing age,
admission type, diagnosis of metabolic conditions, obesity, and/
or syndromes, and complications of implanted devices and/or
surgical procedures. They did not find infection as a factor for
increasing incidence of VTE™*.

In the absence of concrete evidence, it is the opinion of
this workgroup that patients with systemic sepsis undergoing
orthopaedic procedures are at increased risk of VTE. The
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relationship between local infections (such as urinary tract
infection, PJI, etc.) and the risk for subsequent VTE remains
unknown.

Mohammad T. Ghazavi, Asep Santoso, Francesco Zambianchi,
Fabio Catani
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9 - Does the presence of varicosities and/or superficial
lower extremity thrombosis increase the risk of VTE in
patients undergoing orthopaedic procedures?

Response/Recommendation: The presence of varicose
veins increases the risk of postoperative venous thromboembo-
lism (VTE) by approximately 3 times in patients undergoing
major orthopaedic procedures (Strong). A history of superficial
venous thrombosis (SVT) increases the risk of postoperative VITE
by 5 - 10 times in patients undergoing lower limb orthopaedic
surgery (Limited). Acute SVT further increases the risk of VTE,
and elective orthopaedic procedures should be postponed for at
least 3 months if possible (Limited).

Strength of Recommendation: Limited.

Delegates vote: Agree 95.10% Disagree 0.98% Abstain
3.92% (Strong Consensus).

Rationale: There is a strong association between varicose
veins (VV) and VTE in the general population. VV are asso-
ciated with an increased deep venous thrombosis (DVT)
incidence by 5 - 7 times and pulmonary embolism (PE) inci-
dence by 1.7 times*”***. VV are one of the most common risk
factors for VTE in non-orthopaedic surgical and medical in-
patients®**, VV are included in the Caprini risk assessment
model for postoperative VTE* as well as the VTEstimator™.

The presence of VV can increase the risk of venous
thromboembolism after major orthopaedic procedures by a
varying extent of 1.5 - 15 times. Three large database studies
included a risk assessment of VV, which were recorded in 0.2% -
0.3% of the cohort. This incidence is low compared to the pop-
ulation prevalence of 19%*”. The study by Parvizi et al, that
analyzed 1.7 million arthroplasty patients in the U.S. reported a
VTE odds ratio [OR] of 1.53 for patients with VV, prompting the
authors to include VV in their risk assessment tool”. Fuji et al.,
reported VTE risk factors in 37,000 Japanese patients undergoing
lower extremity orthopaedic surgery; the presence of VV increased
the risk of PE (OR 10.9, 95% confidence interval [CI] 2.5 - 47.5)
and DVT (OR 3.3, 95% CI 0.8 - 13.3)**. The Scottish Arthroplasty
Project included 109,223 patients and reported an increased risk of
DVT after total hip arthroplasty (THA) in patients with untreated
VV*. The DVT rate was 0.8% in patients who had previously
undergone VV surgery and those with no previous VV diagnosis,
compared to 3.1% with those with untreated VV. There was no
significant difference in PE rates following THA and no difference
in DVT or PE following total knee arthroplasty (TKA) in patients
with VV, treated VV or no history of VV.
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Prospective observational studies reported increased VTE
risk with VV, although most studies included relatively few
patients with VVand obtained wide CI. Markovic-Denic L et al.,
studied 499 THA and TKA patients and found an increased VTE
risk of VTE (OR 3.1,95% CI 1.03 - 9.5) in patients with VV**. In
Asian patients undergoing major orthopaedic surgery without
thromboprophylaxis, VV were recorded in 4.3% of 2,420
patients, and this increased the risk of VTE by 3.6 times (95%
CI, 1.2 - 1.06)**". A meta-analysis by Zhang et al., found that the
presence of VV was associated with a 2.7 (95% CI, 1.1 - 7.1)
fold increase of VTE after THA and TKA’”. Another meta-
analysis by Tan et al,, reported a risk elevation of 3.1 times (95%
CI, 1.1 - 8.5) following surgical treatment of fractures below
the hip in the presence of VV*®. For knee arthroscopy, the
incidence of symptomatic postoperative VTE was low (0.1 -
0.25%), and no association with VV was found®**®,

There is no consensus on the need for preliminary sur-
gical treatment of varicose veins to reduce the risk of postop-
erative VTE. Limited evidence suggests that patients with
treated VV may normalize their VTE risk after THA and
TKA****. This risk may be mitigated by VTE prophylaxis,
although current studies on VTE prophylaxis for orthopaedic
procedures did not analyze the efficacy of preventive measures
in this small subgroup of patients with VV and hence no
conclusion can be drawn. The intervention for VV can increase
VTE risk by itself*”, and the risk of symptomatic PE remains
elevated for up to 18 weeks**. The minimal time interval
between intervention for VV and orthopaedic surgery has not
yet been determined; however, it seems prudent to defer elec-
tive surgery at least 3 months.

SVT is an inflammatory process that obstructs the
superficial veins of the lower extremities. SVT can extend into
the deep veins and lead to PE. Thrombosis of superficial veins
provoked by chemical and mechanical injury of the vascular wall,
such as surgical trauma, is usually benign and self-limited™”.
Conversely, spontaneous SVT is considered a benign self-limited
disorder, but has been shown to be associated with the risk of
concomitant DVT and PE in 18% and 7% of non-surgical
patients, respectively”. Superficial thrombosis is most likely to
affect patients with VV, accounting for up to 90% of all cases of
SVT*!. Thrombus usually propagates in the deep veins through
saphenous vein junctions and/or perforating veins”*. However, up
to 42% of all patients have a DVT that is not contiguous with SVT,
particularly on the contralateral limb in 17%, hence suggesting
SVT may be an underlying indicator of thrombophilia”**”.

VTE risk is greatest during the first 3 months following
diagnosis, but remains significantly increased compared to
controls even after 5 years™. Current evidence suggests an
underlying thrombophilia that requires anticoagulation prior
to elective surgery, although duration of treatment and period
of increased VTE risk have not been established. In practice, it
may be preferable to defer elective orthopaedic surgery by at
least 3 months from the time of SVT diagnosis. The same
recommendation was developed for interventions to remove
VV after SVI?”. In patients with VV and a history of SVT,

removal of varicosities prior to orthopaedic surgery could be
considered.

A past history of SVT is an independent risk factor for
future DVT or PE™. Recurrent SVT is associated with a 2.3 - 2.5-
fold increased risk of further VTE”**”. The risk of VTE recurrence
is equivalent to that after proximal DVT**, with an OR of 5.5
(95% CI, 4.8 — 6.4) compared to controls”. VTE risk increased to
9.3 times when combined with an additional mild thrombotic risk
factor, 31.4 times when combined with a strong risk factor, and
increased to 42.5 times (95% CI, 10 - 118) with surgery””.

For lower limb orthopaedic surgery, the estimated in-
crease in VTE risk is 5 - 10 times in patients with a history of
spontaneous SVT**?*%_ A history of SVT was hence included in
the Caprini risk assessment model version of 2010**" and needs
to be assessed in tandem with the presence of VV in order to
calculate individual risk for postoperative VTE.

David Campbell, Kirill Lobastov, Zbigniew Krasiriski
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10 - (A) Do oral contraceptive medications increase the
risk of VTE? (B) If so, should they be stopped prior to
orthopaedic procedures?

Response/Recommendation: The incidence of postop-
erative venous thromboembolism (VTE) is increased in women
who use oral contraceptives pills (OCP), as compared to women
who do not. Cessation in all users is not recommended. However,
OCP use should be taken into account when assessing the patient’s
and the procedure’s estimated risk and hence, form a basis for
decisions on thromboprophylaxis.

Strength of Recommendation: (A) Strong; (B) Limited.

Delegates vote: Agree 94.66% Disagree 1.94% Abstain
3.40% (Strong Consensus).

Rationale: It is well established that women who use OCP
have an increased risk of VTE as compared to women who do not.
On the whole, their risk is about 3- to 4-fold increased but,
considering that the absolute VTE risk in pre-menopausal women
is low (~ 1 in 10,000 women per year), this does not lead to a
substantially high-risk (~ 3 - 4 per 10,000 per year; 0.03 - 0.04%
per year)zsl,zsz‘

It is also well known that the risk of VTE is increased after
orthopaedic surgery, where the size of this risk, in addition to the
presence or absence of patient-related risk factors, depends strongly
on the duration of the procedure, the amount of tissue damage and
the length of immobilization. Hence, overall, the VTE risk is lower,
for example, after knee arthroscopy (~ 0.8% in the following
3 months) than after knee replacement (~ 1.5 - 2%)™***,

The question regarding whether the risk of VTE is ad-
ditionally increased in women who undergo orthopaedic surgery
and take OCP as compared to women who have the same sur-
gery but do not use hormonal contraception, has been studied
previously. Most of these studies confirm an increased risk for
these women for all types of surgery. Maletis et al., performed a
retrospective cohort study of elective arthroscopic knee proce-
dures using the administrative database of a large health main-
tenance organization. On the basis of the international
classification of diseases version 9 - clinical modification (ICD —
9) - (CM) procedure codes, 20,770 patients undergoing knee
procedures were identified. The incidence of VTE in female
patients was found to be higher if they had been prescribed OCP
at 0.63% compared with 0.30% in female patients with no such
prescription””. In another large, routinely collected dataset, of
almost 65,000 female patients between the ages of 16- and 40-
years undergoing knee arthroscopy or anterior cruciate ligament
(ACL) reconstruction, Traven et al., found that patients taking
OCP had a 2-fold increased risk of a VTE compared with non-
users, where the procedural subgroup (ACL reconstruction or
simple knee arthroscopy), did not make a strong difference in
risk®. Van Adrichem et al., found in a large case-control study in
4,000 VTE cases and 6,000 control subjects, out of whom 127
had undergone knee arthroscopy, that after this procedure the
risk in women using OCP was 13 times higher than in women
not using this treatment™".

In patients undergoing foot and ankle surgery, a similar
picture emerges. Richey et al., performed a retrospective
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observational cohort study of 22,486 adults in whom an overall
incidence of VTE was found to be 0.9%. In a nested case-
control study within this population, they identified.

Four risk factors for an increased VTE risk, of which use
of hormone therapy or OCP was associated with an 8.9-fold
increased risk*®. For arthroscopic shoulder surgery, however,
Stone et al., evaluating 924 female patients found no significant
difference in the incidence of VTE in patients taking vs. not
taking OCP (2 [0.22%] vs. 150 [0.57%], respectively; p = 0.2).
Still, the risk was more than doubled, and the fact that the
relation was not significant is likely to have been due to the low
number of cases (insufficient power)*”. The same holds true
for hip arthroscopy. Khazi et al., identified 9,477 patients who
underwent hip arthroscopy from an administrative claims
database in whom the 90-day incidence was 1.14%. Multivar-
iable analysis identified several risk factors for VIE in these
patients, but OCP use was not one of them, which was again
most likely due to low numbers™.

A following question that results from this conclusion is
how to reduce VTE risk in women taking OCP who need to
undergo elective orthopaedic surgery. An obvious solution
would be to advise them to stop taking this treatment for a
couple of weeks or months, until the VTE risk due to the
procedure has passed. However, let’s consider the numbers: if
we take the risks as described by Maletis et al., as a basis (i.e.,
0.63% with and 0.30% without OCP)**, we would have to let
303 (100/[0.63 - 0.30]) women stop taking the OCP to prevent
one VTE (number needed to treat). Furthermore, should this
for some reason fail, the consequences of an unplanned preg-
nancy are enormous. In a useful study to quantify the size of
this problem, Dale et al., studied 78 healthy women in whom
OCP were stopped prior to elective orthopaedic surgery. Five
pregnancies in 73 women in whom complete outcome data were
available were reported, giving a pregnancy rate of 6.8%". If we
apply this rate to the calculation above, about 21 pregnancies
would occur (6.8% of 303 women) in an attempt to prevent one
VTE. Even if the pregnancy rate could be reduced, this does not
seem a viable option.

An alternative approach would be to quantify an indi-
vidual’s VTE risk based on the risk associated with the proce-
dure and other surgical risk factors, in combination with the
presence or absence of patient-related risk factors, of which
OCP would be one. Several studies have shown that the risk
increases with the total number of risk factors present (such as
higher age, higher body mass index (BMI), family history,
presence of other comorbidities, etc.)”**”. A recent prediction
score that was developed to estimate an individual’s risk after
knee arthroscopy, the Leiden-thrombosis risk prediction for
patients after knee arthroscopy (L-TRiP[ascopy]) score showed
good performance, which also persisted after external valida-
tion™". Targeted thromboprophylaxis based on a patient’s risk
estimate would then be the next step but this option needs
further study.

Pedro Dantas, Suzanne C. Cannegieter, André Grenho,
Sérgio Gongalves
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11 - Do oral hormonal therapy, used for cancer
management, increase the risk of post-operative VTE in
patients undergoing orthopaedic procedures? If so,
should they be stopped prior to surgery?

Response/Recommendation: Hormonal therapy used
in cancer management, like tamoxifen, increases the risk of
venous thromboembolism (VTE) in patients undergoing
orthopaedic procedures. We suggest they should be suspended
at least 7 days before surgery, a degree of individualization of
approach is needed based on risk factors and clinical settling
(type of cancer, etc.).

Strength of Recommendation: Weak.

Delegates vote: Agree 92.08% Disagree 2.97% Abstain
4.95% (Strong Consensus).

Rationale: Cancer patients have a hypercoagulable state
due to the presence of all components of Virchow’s triad. There
is evidence of platelet activation along with elevated levels of
inflammatory cytokines (vascular endothelial growth factor,
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tissue factor), tumor mass effect compressing adjacent veins
and damage to the endothelium™”.

The rate of VTE in orthopaedic oncology patients has
been reported to be between 1% and 28%”.

Following orthopaedic lower limb surgery, pulmonary
embolisms (PE) are less likely to occur in association with a
deep venous thrombosis (DVT) when patients receive pro-
phylaxis with an anticoagulant agent (8% vs. 42%)”.

Hormonal therapies are a mainstay of treatment for
prostate and breast cancers. Androgen deprivation therapies,
which include gonadotropin-release hormone agonists, oral
antiandrogens, and estrogens, have also been reported to in-
crease the risk of VTE™.

In the case of androgenic hormones such as testosterone
and methyltestosterone (used for the treatment of hypogo-
nadism in men and advanced breast cancer in women), and
oxymetholone (used for the treatment of cancer-associated
anemia), the literature has not demonstrated an association
between perioperative VIE events and androgenic hormone
use™.

The use of selective estrogen receptor modulators (SERM),
such as tamoxifen, is a known risk factor for VIE, namely DVT
and PE*. Indeed, tamoxifen is a risk factor for VIE and the
estimates of the risk ratio for VTE, ranging from 1.3 - 7.0™".

Nevertheless, there is a paucity of information in the lit-
erature about the management of tamoxifen in this population,
with merely a suggestion that tamoxifen should be stopped as the
risk of developing VTE during the perioperative period™.

A consensus of the Mayo clinic indicates that we should
continue SERM before and on the day of surgery if taken for
breast cancer prevention or treatment but consider potential
for increased wound complication and VTE risk if continued. If
SERM are taken for other indications and additional patient or
surgery specific risk factors for VTE are present, we should stop
SERM at least 7 days before surgery””. Thus, a degree of
individualization of approach is needed.

It is imperative to balance between the continuous cytostatic
effect, by continuing tamoxifen; against the reduction of VTE risk,
by stopping tamoxifen for a finite period perioperatively. The half-
life elimination of tamoxifen is between 5 and 7 days™.

The National Institute for Health and Care Excellence
(NICE) guidelines stipulate that tamoxifen may need to be
stopped for up to 6 weeks prior to elective surgery, without
further details on risk stratification nor specification of the

duration of stopping tamoxifen®”.

Salvador Oscar Rivero Boschert, José ]. Aguilar Ramirez,
Gregory Y.H. Lip
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12 - Are patients, who traveled on airplanes or had long
car rides prior to surgery, at an increased risk of VTE? If
so, what is the optimal interval between travel and
surgery?

Response/Recommendation: It is well established that
travel on airplanes, especially ‘long-haul flights’, is a major risk
factor for development of venous thromboembolism (VTE).
Individuals with preexisting risk factors for VTE appear to be at
greatest risk. There is a paucity of literature examining the
influence of long-distance travel prior to surgery on the risk of
postoperative VTE. Similarly, while it is commonly accepted
that airplane travel in the acute postoperative period should be
avoided due to an increased risk of VTE, there is limited evi-
dence supporting this notion. Lastly, due to limited literature
on the optimal strategy for VTE risk mitigation in patients who
engage in long-distance travel either pre- or post-operatively,
the choice of prophylactic agent should be individualized,
taking into account the relative risks and benefits of different
pharmacological and non-pharmacological options for each
patient.

Strength of Recommendation: Limited.

Delegates vote: Agree 96.10% Disagree 1.46% Abstain
2.44% (Strong Consensus).

Rationale: Although air travel and orthopaedic surgery,
especially joint replacement surgery, are both well documented
risk factors for the development of VTE, neither the American
Academy of Orthopaedic Surgeons (AAOS), nor the American
College of Chest Physicians (ACCP) have published guidelines
regarding the safety of flying in the early postoperative period.
The Center for Disease Control and Prevention (CDC) noted
that there are “combined effects observed between these es-
tablished risk factors and different forms of travel”, but also do
not provide an evidence-based justification of this recom-
mendation, largely due to the dearth of literature on this
subject™.

Air travel and risk of venous thromboembolism (VTE): A
large body of literature on the topic of air travel as a risk factor
for VTE currently exists, dating back to the early 1950’s when
VTE was first termed “economy class syndrome” by John
Homans™*"'. One meta-analysis found that air travel was
associated with a nearly 3-fold increased risk of VTE, with a
dose-response relationship of 18% higher risk for each 2-hour
increase in travel duration®”. Another meta-analysis of 14
studies involving over 4,000 episodes of deep venous throm-
bosis (DVT) demonstrated a relative risk of 2.8 (95% confi-
dence interval [CI] 2.2 - 3.7) for long duration flights*”. A
study in the New England Journal of Medicine corroborated
this finding, noting that a greater distance traveled was a sig-
nificant risk factor for pulmonary embolism (PE), with an
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incidence of 4.8 cases/million for those traveling more than
10,000 km compared to 1.5 cases/million for those traveling
greater than 5,000 km, and 0.01 cases/million for those trav-
eling less than 5,000 km>. In a case control study on the topic
of long-haul flights (> 8 hours), the relative risk of VTE was
found to be 2.8 (95% CI 1.46 - 5.49) for travelers, although the
authors noted that all flight-associated thromboses occurred
exclusively in passengers with at least one established risk factor
for venous thrombosis™”. In one of the largest population-
based case-control studies the Multiple Environmental and
Genetic Assessment (MEGA) study, the authors found that
traveling increased risk of VIE 2-fold (odds ratio [OR] 2.1,
95% CI 1.5 - 3.0), and the risk of flying was similar to the risk of
traveling by car, bus or train. There was also an additive risk for
those with predisposing factors for VTE, as it was found that
travel led to an even higher risk of VTE in individuals with
Factor V Leiden (OR 8.1, 95% CI 2.7 - 24.7), those with a body
mass index (BMI) of > 30Kg/m? (OR 9.9, 95% CI 3.6 - 27.6)
and those who were taking oral contraceptive pills (OCP)
(OR > 20)*. It was also shown that the risk of developing VTE
increased by almost 20 times among passengers who had re-
cently undergone surgery when compared to passengers who
had not (OR 19.8)*”. The extent of additional risk contributed
by these different risk factors, however, was not clear.

Cooper et al., performed a retrospective cohort study of
1,465 consecutive total joint arthroplasty (TJA) patients, which
comprised 220 patients (15%) who took a flight home at a mean
of 2.9 days after surgery (range, 1 - 10 days) and a control group of
1,245 patients (85%) who did not. The authors found no dif-
ference in the rate of DVT, PE, or VTE between the groups, with
the caveat that all patients received appropriate risk stratified VTE
prophylaxis after surgery’”. Another retrospective review exam-
ined 608 patients who had extended travel for an average of 1,377
miles and 6.5 days after total hip arthroplasty (THA) and received
appropriate DVT prophylaxis. There were no deaths or symp-
tomatic PE in the study, and only 5 (0.82%) symptomatic DVT
and 9 (1.5%) bleeding complications occurred™.

Timing: Regarding the timing of diagnosis of VTE in
relation to travel, the abovementioned MEGA study found that
of the 233 events that occurred within 8 weeks of travel, 29%
were diagnosed in the first week, after which the incidence
gradually decreased’. This pattern was also described in a
separate study from Australia, thus supporting a causal rela-
tion’*. Two additional studies found that the majority of VTE
occurred within the first 2 weeks after landing, with a mean
interval of 4 days, although the risk was present for up to
8 weeks™**?!°_ In the single paper that examined the impact of
preoperative travel on the risk of VIE in patients who were
scheduled to receive a TJA, Citak et al., compared 155 patients
(87 THA, 68 total knee arthroplasties [TKA]) to 187 patients
(92 THA, 95 TKA) without bus, air, or car travel for longer than
30 minutes. The study found that patients with preoperative air
travel were not at higher risk of VTE compared to patients
without preoperative air travel who underwent TKA (hazard
ratio [HR] = 0.95; 95% CI = 0.14 - 6.52)"".

Prophylaxis: The ninth edition of the ACCP guidelines
from 2012 suggested the following preventive measures for
patients deemed to be at risk of VIE on long-haul flights:
walking, calf muscle exercises, and aisle seating (evidence level
2C)*" cited in*". A recent Cochrane review of 11 randomized
studies with a total of 2,906 patients (1,273 high-risk patients)
on flights lasting more than 5 hours concluded that there was
high-quality evidence demonstrating a reduction in the inci-
dence of asymptomatic DVT, and moderate-quality evidence
demonstrating a reduction in superficial venous thrombosis
following the use of graduated elastic compression stockings®"*.
Furthermore, the ACCP guidelines suggested that passengers
on long-haul flights who are at risk of VTE should wear below
the knee compression stockings providing 15 - 30 mmHg of
pressure at the ankle during the flight (evidence level 2C).

No consensus has been reached in regards to pharma-
cologic prophylaxis, and this should be prescribed on a case-
by-case basis. Antiplatelets did not prove to be an effective
prophylactic agent for primary or secondary long-haul flight-
related VTE* " cited in’">*'%; cited in’". While the LONFIT-3
study suggested that the risk of VIE could be eliminated by
taking low-molecular-weight heparin (LMWH), there is still a
lack of evidence supporting its widespread use in this situa-
tion™*’", cited in’”. Direct-oral anticoagulants (DOAC) have
theoretical benefits given their short half-lives, rapid onset of
action and oral administration. In a retrospective review of over
600 patients flying an average of 6.5 days after THA, who were
prescribed anticoagulants such as enoxaparin, dalteparin, fon-
daparinux or warfarin, no deaths or symptomatic PE were
reported, and only 5 (0.82%) symptomatic DVT and 9 (1.5%)
bleeding complications occurred™.

Conclusion: Extended travel, whether by air, car, or train,
has been associated with a higher risk of VTE in the general
population because of the limited movement in a seated
position, which may lead to positional lower extremity venous
stasis. This risk is further exacerbated in comorbid conditions
such as obesity and Factor V Leiden deficiency. Long-haul
travel beyond 6 - 8 hours is associated with a dose-response
increase in the rate of VTE because of a prolonged reduction in
venous outflow. Similarly, joint replacement surgery is associ-
ated with an elevated risk of VTE in the postoperative period.
Notwithstanding, there is no conclusive evidence to suggest
that these independent risks are additive when the two expo-
sures temporally related (i.e., extended travel before or after
lower extremity arthroplasty surgery). Studies have suggested
that a greater protection against VTE is afforded with the use of
more potent anticoagulants in favor of antiplatelet agents when
long-haul travel occurs within 6 weeks after surgery. The
overall recommendation is therefore to individualize the VTE
prophylaxis strategy in patients who choose to undergo
extended travel in the perioperative period, and surgeons
should consider the use of oral anticoagulants in patients who
carry additional thrombotic risk factors.

Erik N. Hansen, David G. Nazarian
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13 - Do all orthopaedic procedures have the same risk
profile for DVT?

Response/Recommendation: Orthopaedic procedures
carry variable risk profiles for deep venous thrombosis (DVT).
They have been classically stratified according to the incidence
of venous thromboembolism (VTE) events, with total hip
arthroplasty (THA) and total knee arthroplasty (TKA) being
the highest risk alongside with hip fracture fixation.

Strength of Recommendation: Limited.

Delegates vote: Agree 98.52% Disagree 0.49% Abstain
0.99% (Strong Consensus).

Rationale: Orthopaedic procedures do not have all the
same profile risk for DVT. Risk for DVT arises from patient-
related factors, the nature of the injury, the extent of the ortho-
paedic intervention or the resulting immobility. The complex

interaction of these risk factors has been termed thrombotic
potential®”.

Procedure-related factors such as surgery time-length,
type of anesthesia, extent of tissue injury or trauma, site of
surgery, and surgical technique™, are variables that may deter-
mine the variance in the prevalence of DVT from different
surgical procedures. General anesthesia, for example, could favor
an over-physiological muscle relaxation that produces a slower
blood flow resulting in endothelial hypoxia, leukocyte adhesion,
and the accumulation of activated coagulation factors™'.

Traditionally, overall surgical procedures have been
categorized as low-, intermediate-, high-, and very high-risk
according to the incidence of symptomatic VTE*****. The in-
cidence of DVT after an orthopaedic procedure depends on the
detection method used to assess the presence of thrombi.
Although there is controversy about the relevance of asymp-
tomatic DVT, it has been associated with recurrent VTE and
post-thrombotic syndrome®”.

THA and TKA, open reduction and internal fixation of
hip fractures, and surgery due to major trauma are among the
orthopaedic procedures with the highest DVT risk. With con-
temporary surgical protocols the prevalence of VTE after THA
has been reported to be up to 22%, using venography as a
diagnostic method, even with the use of pharmacological pro-
phylaxis™. THA has shown asymptomatic DV T events in 33% of
patients, either with pharmacological, mechanical prophylaxis
or both®.

For non-major orthopaedic surgery in the lower limb,
included achilles tendon repair, surgery involving the tibial
plateau or femoral diaphysis, tibial or ankle fractures or tibial
osteotomy, arthrodesis of the knee, ankle, or hindfoot, among
others, symptomatic DVT rates have resulted in 0,66% with the
use enoxaparin or rivaroxaban®”.Acetabular or pelvic recon-
struction in a major trauma has an overall symptomatic DVT
rate of 4% using low-molecular-weight heparin (LMWH)*.

For the upper extremity, data suggests that the greatest
risk for DVT relates to personal or family history of throm-
boembolic events, active malignancy, prothrombotic disorders
and the presence of a central venous catheter’”, instead of a
patient undergoing a surgical procedure®.

Interestingly, certain surgeries are performed on patients
with a demographic profile that adds risks factors for VTE un-
related to the procedure, but indirectly carries non-modifiable
elements that magnifies the procedure’s risk. An example of this is
the TKA, a procedure commonly performed on patients with
advanced age, obesity, certain degree of post-operative immobi-
lization, and the indication of general anesthesia. Injury site
influences the DVT risk for lower limb fractures, even before the
added risk of fracture fixation*'. Around the knee, around the hip,
femoral shaft, tibiofibular, and ankle fractures have a DVT prev-
alence of 8.67%, 6.32%, 5.7%, 2.09%, and 1.97%, respectively™'.

Recent studies have shown a decrease in symptomatic
rates of VTE events as well as overall rates of surgical compli-
cations in the last decades*”. This may be attributed to a
combination of improvements in surgical techniques and
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perioperative care, including unicompartmental surgery, shorter
operative procedure times, greater use of regional anesthesia,
more effective analgesia, faster postoperative mobilization, in-
creased use of day-case procedures, shorter duration of hospi-
talization, and more consistent use and/or longer duration of
prophylaxis™.

The challenge of the quantification of the risk for DVT
due to each intervention as an independent risk factor
remains unresolved. A substitute for this void, is the integral
assessment of the thrombotic potential, an explicit declara-
tion of adherence to a formal DVT prevention guideline

aligned with the institutional value proposition, and a detailed

informed consent™”.

Juan S. Sanchez-Osorio, Adolfo Llinds, Guillermo Bonilla,
Cristina Suarez, Daniel Monsalvo, Ana Torres,
Sudeep Shivakumar, Justin Magnuson, Chad A. Krueger
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14 - Does the duration of surgery influence the incidence
of postoperative VTE?

Response/Recommendation: Surgical duration is directly
associated with an increased risk of venous thrombosis (VTE).
When intraoperative complications or surgical complexity affect
the length of surgery, VTE risk should be reevaluated.

Strength of Recommendation: Moderate.

Delegates vote: Agree 98.07% Disagree 0.48% Abstain
1.45% (Strong Consensus).

Rationale: Understanding of the relationship between
VTE risk and surgical duration is important for surgical
planning and management. Risk stratification could help
refine chemoprophylaxis strategies for surgeons, periopera-
tive care physicians and anesthesiologists, and better inform
patients of the potential hazards associated with prolonged
surgery.

Multiple studies in general®***, plastic . vascular’™,
gynecological®”, and neurosurgical® literature have found an
increased risk of VTE with longer operative time. This associ-
ation has been shown even in patients undergoing outpatient
procedures™. In the context of orthopaedic surgery, conflicting
evidence has been reported. While the majority of studies have
identified increased operative time as a risk factor for VTE**7*,
some studies did not*”**. It is also possible that this risk may
not apply to all orthopaedic procedures™ ®. In a systematic
review of Level-I and Level-II studies, Zhang et al., concluded
that surgery time > 2 hours increased the risk of VTE*. A
separate systematic review of randomized control trials also
found that the incidence of deep venous thrombosis (DVT) in
patients undergoing elective total knee arthroplasty (TKA)
declined with the average duration of surgery (124.3 minutes in
1996 - 97.3 minutes in 2003)*"'. Using routine venography to
assess for DVT on the third to ninth postoperative day, Zhang
et al., found that 173 of 963 patients with a venography con-
firmed DVT had a greater operative duration compared to
those who did not™®. This association has also been reported in
the Asian population™”**. Won et al., found that the relative
risk was 1.6 times higher in the group with > 105-minute
surgery time compared to those with < 105-minute surgery
time*'. Using a national database in Japan, Nagase et al., found
that patients who underwent a longer period of anesthesia (>
180 minutes) had more than twice the risk (odds ration [OR]
2.13) of postoperative pulmonary embolism (PE) compared to
patients with a shorter period of anesthesia (< 180 minutes)**.
Consistent with these findings, Jaffar et al., analyzed institu-
tional data of 4,075 postmenopausal women undergoing pri-
mary major joint replacement and found that a threshold of 3.5
hours (210 minutes) increased the odds of VTE substantially
(OR 3.83). This relationship was shown after controlling for
multiple confounders and persisted even when patients with
distal DVT were excluded.

339,340
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In spite of the abundant literature on the topic, few
studies were sufficiently powered or utilized multi-institutional
data. To overcome these shortcomings, Kim et al., performed a
comprehensive analysis across surgical specialties and institu-
tions using a generalizable database’. Using the National
Surgical Quality Improvement Program (NSQIP) database
from 2005 - 2011, the authors studied 1’432,855 patients
who underwent surgery under general anesthesia across 9
surgical disciplines, performing the analysis at the specialty
and procedural level while adjusting for differing surgical
and patient complexity. Compared with a procedure of
average duration, patients who underwent the longest pro-
cedures experienced a 1.27-fold increase in the odds of
developing a VTE, whereas the shortest procedures dem-
onstrated an OR of 0.86. Importantly, the incidence of VTE
increased with increasing quintiles of surgical duration in all
9 surgical specialties in the subgroup analyses.

Despite the broad consensus on the association between
VTE risk and operative time, an exact cutoff time that signif-
icantly increased the risk of this complication could not be
identified. While some studies examined a threshold of 120
minutes or more***®, different cutoffs such as 80 mins*’, 105
mins®', 180 mins’”, and even up to 3.5 hours™ have been
identified. Due to the heterogeneity in procedure type, anes-
thesia techniques, follow-up duration, and method for calcu-
lating operative time, a precise cutoff would be extremely
difficult to ascertain.

The explanation for the relationship between surgical du-
ration and VTE risk is likely multifactorial. In accordance with the
pathophysiologic basis of VIE (also known as “Virchow’s tri-
ad”*®*) immobility resulting from long surgical procedures
can result in blood stasis, hypercoagulability and endothelial
damage caused by vessel wall distension™*****®, thus increasing the
risk of VTE development. Venous stasis and ischemia can pro-
mote DVT formation via the upregulation of P-selectin and local
prothrombotic microparticles®”. The hypercoagulable state as
well as the inflammation and endothelial damage that occurs
during surgery can similarly initiate the clotting cascade and
increase the risk of thrombus formation.

With such a large volume of surgeries performed annu-
ally, the adjusted risk difference of - 0.12% - 0.23% as suggested
by Kim et al., could translate into a substantial burden of VTE
attributable to surgical duration®. Consequently, the rela-
tionship between operative time and the incidence of VTE
should be strongly considered in the postoperative assessment
of VTE risk. Widely used risk stratification tools such as the
Rogers score do not take surgical duration into account™,
whereas the Caprini score distinguishes only between opera-
tions shorter or longer than 45 minutes for the sake of defining
“major surgery”>”. In view of these limitations, future devel-
opment of risk assessment scoring systems should also factor in
the length of surgery to guide prophylactic measures. Overall,
a greater understanding of the relationship between VTE
and surgical duration will help direct surgical planning, target
chemoprophylaxis strategies, and better inform patients and

clinicians when deciding to proceed with combined or longer
operations.

Emanuele Chisari, Graham S. Goh, Javad Parvizi
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15 - Does the volume of intraoperative blood loss
influence the incidence of post-operative VTE in patients
undergoing orthopaedic procedures?

Response/Recommendation: There is no concrete data
related to this issue. However, because of a potential association
between allogeneic blood transfusion and postoperative venous
thromboembolism (VTE), we recommend that strategies be in
place to reduce intraoperative blood loss and the possible need
for allogeneic blood transfusion.

Strength of Recommendation: Limited.

Delegates vote: Agree 97.56% Disagree 0.49% Abstain
1.95% (Strong Consensus).

Rationale: Despite contemporary advancements in blood
conservation strategies, patients undergoing major orthopaedic
surgery may experience significant intraoperative blood loss
necessitating perioperative blood transfusions’*”’. Notably,

transfusion rates among modern cohorts undergoing complex
total joint arthroplasty (TJA), spine surgery, or revision proce-
dures may reach up to 20%”**®. Despite ongoing efforts to limit
perioperative blood loss, it remains unclear whether the inci-
dence of postoperative VTE is influenced by the volume of in-
traoperative blood loss or by the receipt of blood transfusion in
the perioperative period.

While Goel et al., recently analyzed the National Surgical
Quality Improvement Program (NSQIP) database and reported
a significantly higher risk of VTE among orthopaedic surgery
patients receiving perioperative blood transfuions™, analyses
on separate cohorts undergoing specific surgical procedures
including TJA™*, spine surgery”*”, pediatric trauma sur-
gery"'’, and surgery for lower extremity and pelvic fractures''***
have demonstrated inconsistent results.

There is some evidence from retrospective studies of
patients undergoing TJA that a higher volume of blood loss and
transfusion requirements may be associated with a higher inci-
dence of VTE*"*"**** Notably, in their analysis of 1’721,806
TJA patients, Parvizi et al., identified transfusion as an inde-
pendent risk factor for postoperative VTE™'. However, these
findings remain mixed in orthopaedic literature™******** with
other studies failing to identify an association after controlling
for various patient and surgical factors, such as VIE prophy-
laxis™ and postoperative hemoglobin levels™.

Two meta-analyses™”*” evaluating the relationship
between blood loss and postoperative VTE in spine surgery
have presented contradictory findings. While Xin et al., iden-
tified blood loss to be associated with VTE risk among patients
undergoing spine surgery, the majority of included studies
primarily conducted univariate analyses without adjusting for
confounding factors”. Additionally, while Zhang et al., did not
identify a relationship between intraoperative blood loss and
VTE incidence, their pooled analysis did identify transfusion
as a risk factor for VIE®™. Similar to studies evaluating TJA,
literature evaluating patients undergoing spine surgery have
demonstrated inconsistent results when assessing both blood
10853967398,4017403 and transfusi0n396,401,402,409,417,418'

However, there is some evidence to suggest that the region
of the spine being operated on may affect these relationships, with
the majority of lumbar spine studies demonstrating a higher risk
of VIE among transfused patients™****”*"*, Although, Aoude
et al,, did not find an association between transfusion and VTE
incidence among thoracic spinal fusion patients, perioperative
blood transfusion was associated with a significantly higher risk of
pulmonary embolism (PE) and overall VIE in their lumbar
fusion cohort*”.

Analyses evaluating the impact of perioperative blood
loss and transfusion on VTE risk in patients with lower ex-
tremity and pelvic fractures have also demonstrated varying
results. While patients suffering from postoperative VTE have
been reported to have comparably higher blood loss***", it is
unclear whether this independently affects the postoperative
risk of VTE***!*. Additionally, there is mixed data regarding the
relationship between perioperative blood transfusion and deep
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venous thrombosis (DVT)*!"*">***% However, it is important

to note that other studies utilizing multivariate analyses among
patients without malignancy have demonstrated a higher risk
of DVT among patients receiving transfusions*' "'

The inconsistencies demonstrated across included stud-
ies may be due to methodological limitations of the respective
studies exploring this topic. Of note, a large proportion of
studies failed to control for patient- and procedure-related VTE
risk factors as well as variations in implemented VTE pro-
phylaxis protocols. Similarly, variability in the use of tranexa-
mic acid"***' or tourniquets” in certain procedures, as well
as the accuracy of estimated blood loss™**** may contribute
to these inconsistent results. Furthermore, although blood
transfusion represents a surrogate measure of perioperative
blood loss, there is some evidence that red blood cell transfu-
sion itself may induce a hypercoagulable state*****,

Based on the available literature, there is insufficient
evidence to definitively conclude that the incidence of VTE is
associated with the volume of intraoperative blood loss or the
receipt of perioperative blood transfusions. However, the im-
plementation of perioperative strategies to reduce blood loss
and transfusion rates remain essential given their historic re-
lationship with other perioperative complications™**”".

Alexander ]. Acufia, Andy Kuo, Giedrius Kvederas,
Atul F. Kamath
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16 - Does administration of allogeneic blood transfusion
influence the incidence of post-operative VTE in patients
undergoing orthopaedic procedures?
Response/Recommendation: The majority of the clini-
cal studies, largely from total joint arthroplasty (TJA) literature,
cite an association between allogeneic blood transfusions and
venous thromboembolism (VTE) following orthopaedic sur-

gery. Along with the scientific rationale, these associations are
sufficient to urge surgeons to minimize the use of allogeneic
blood transfusions in the peri-operative period.

Strength of Recommendation: Limited.

Delegates vote: Agree 95.10% Disagree 1.47% Abstain
3.43% (Strong Consensus).

Rationale: While several risk factors for the development
of VTE have been established"**, others are still widely
debated®”*!. One potentially modifiable risk factor that has
gained attention due to its common and unrestricted use is
allogeneic blood transfusion®****. Physicians and orthopaedic
surgeons in particular tend to overprescribe blood transfu-
sions***. In fact, orthopaedic surgery represents the most
common reason for allogeneic blood transfusion in patients
undergoing elective procedures, accounting for nearly 10% of
all hospital transfused red blood cell units***”’.

The biological mechanisms substantiating the increased
thrombotic risk following blood transfusion have been well
described***. Several attempts were made to assess this rela-
tionship in clinical studies. Registry data has consistently dem-
onstrated an association between blood transfusions and VTE,
although all published studies to date have utilized the same
National Surgical Quality Improvement Program (NSQIP)
database®*”, rendering them susceptible to inherent limita-
tions*"*2, Goel et al., analyzed 750,937 patients from this
database, of which 153,320 underwent orthopaedic surgery. The
results of their subgroup analysis showed an adjusted odds ratio
(OR) of 1.7 (95% confidence interval [CI] 1.5 - 2.0) for devel-
oping VTE following blood transfusion'”. Acufa et al., utilized
the same database and timeframe to examine the association in
333,463 patients undergoing TKA"”. While they found an initial
association between perioperative blood transfusions and deep
vein thrombosis (DVT) (adjusted OR 1.32, 95% CI 1.14 - 1.53),
their propensity-score matched analysis failed to confirm this
association. A significant association between perioperative
blood transfusions and pulmonary embolism (PE) was also not
detected in both regression analysis and propensity score anal-
ysis. Aoude et al.*’, on the other hand, utilizing the same data-
base to analyze patients undergoing lumbar fusion, showed a
significant association between transfusions and DVT as well as
PE (OR 2.69 and 3.55, respectively). However, an association was
not found in patients undergoing thoracic fusion, whereas
anterior approaches of the lumbar spine led to a significantly
higher rate of VTE postoperatively, suggesting that other factors
such as location and surgical approach could have influenced
VTE risk in spine surgery patients.

Institutional studies have also examined the association
between blood transfusion and VTE. Jiang et al.", studied a
relatively small cohort of 715 patients undergoing TJA. While
their sample size was low, a high event rate was observed (8%
developed VTE), allowing the authors to demonstrate a sta-
tistically significant association between allogeneic blood
transfusions and VTE (OR 3.9, 95% CI 1.8 - 8.4). These
findings contradicted to those published in a large institutional
database study recently*. Jackson et al., failed to show a
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significant association between perioperative blood transfu-
sions and VTE following primary TJA after multivariate anal-
yses as well as a sensitivity analysis using propensity score
matching based on a VTE risk calculator (OR, 0.42; 95% CI,
0.12 - 1.39). While the study by Jackson et al., evaluated a large
number of 29,000 TJA, the event rate was only 1.04% (the
number of VTE in the transfused group), possibly rendering
the study underpowered to detect an effect size that may be
clinically meaningful. While the purpose was not to specifically
assess the relationship between blood transfusions and VTE,
Parvizi et al., evaluated multiple potential risk factors for VTE
in an attempt to create a risk stratification calculator. In the
cohort of 1'721,806 TJA patients, blood transfusions (pre-
scribed to 21.7% of the patients) were among the top ten most
important factors associated with VTE*.

Evidence from spine surgery also suggested an associa-
tion between blood transfusions and an increased risk of
VTE"*** TJohnson et al."’, reported a 4.6% rate of throm-
botic events in patients who underwent spinal fusion and
received allogeneic blood transfusion compared to 1.1% in
those who did not receive a transfusion. This relationship re-
mained significant after adjusting for confounders (95% CI
1.032 - 1.194, p = 0.003). Wang et al.*¥’, evaluated 1,346
patients undergoing spine surgery that were stratified to elec-
tive and emergent procedures. While blood transfusions were
significantly associated with a higher risk of DVT following
emergent procedures, no significant association was found
following elective surgery.

These contradictory results are a testament to the
immense difficulty in isolating a single variable association when
the event rate is low, and many confounding variables exist.
Possible reasons for the discrepancy among the abovementioned
studies could be the difference in time periods. Changes in the
perioperative care including early mobility, more aggressive
rehabilitation, same-day discharge, and transition to aspirin as
the chemoprophylactic agent of choice may have confounded
the results as well. Other possible confounding factors include
the length and complexity of the surgical procedure. Patients
undergoing long and complex procedures are more likely to
require blood transfusion. These patients have longer surgical
times, slower recovery, and potentially, more neurological defi-
cits. These factors have not been isolated and studied separately
as possible risk factors. Future studies should further assess this
relationship using granular data, taking into account the many
confounders associated with blood transfusions. While current
literature does not clearly show an association between blood
transfusions and VTE, the possible association makes it rea-
sonable to recommend a strict approach to minimize blood loss
during surgery, reduce surgical time and discourage the liberal
use of allogeneic blood transfusions in the perioperative period.

Noam Shohat, Tony Tannoury, Giedrius Kvederas
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17 - Does administration of tranexamic acid (TXA) to
patients undergoing orthopaedic procedures increase
the risk of subsequent VTE?

Response/Recommendation A: Administration of tra-
nexamic acid (TXA) in patients undergoing orthopaedic pro-
cedures does not increase the risk of developing subsequent
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venous thromboembolism (VTE) in patients without prior
VTE history.

Strength of Recommendation A: Strong.

Response/Recommendation B: Administration of TXA
in patients undergoing orthopaedic procedures does not increase
the risk of developing subsequent VTE in patients with prior
VTE or equivalently elevated hypercoagulability risk.

Strength of Recommendation B: Moderate.

Delegates vote: Agree 97.06% Disagree 0.98% Abstain
1.96% (Strong Consensus).

Rationale: TXA is an antifibrinolytic agent that blocks
lysin-binding sites on plasminogen, thereby preventing fibrin-
plasminogen interaction and facilitating clot stabilization**.
Administered intravenously (IV), orally, topically, or in IV-topical
combinations, TXA has been shown to effectively decrease blood
loss and mortality in the setting of major trauma and, over the
past few decades, has seen reemerged interest in orthopaedic
surgery, including adult reconstruction, orthopaedic trauma, and
spine surgery*®**'. Nevertheless, given its potency as a fibrin clot
stabilizer, theoretical concerns exist regarding elevated VTE risk
following TXA administration.

At this time, strong evidence supports that TXA is not
associated with elevated VTE risk in orthopaedic surgery. In
their recent meta-analysis of 101 orthopaedic subspecialty
studies, Taeuber et al., found that IV TXA did not significantly
increase the risk of subsequent VTE (TXA: 3.6%, control: 2.7%,
p = 0.64)*". Among subspecialties, TXA has been most well
studied in the setting of total joint arthroplasty (TJA). Fillingham
et al., meta-analysis demonstrated a lack of evidence to support
higher VTE rates in patients receiving perioperative IV, topical,
and oral TXA in primary TJA*". As a result of the mounting
evidence of TXA administration not leading to an increased risk
of VTE, the combined clinical practice guideline of the American
Association of Hip and Knee Surgeons, the American Academy
of Orthopaedic Surgeons, the American Society of Regional
Anesthesia and Pain Medicine, and the Hip and Knee Societies
provided a strong recommendation regarding the safe admin-
istration of TXA in patients without a history of VTE*. Several
published randomized controlled trials (RCT) have demon-
strated equivalent VTE risk in patients receiving TXA in
hip, knee, and shoulder arthroplasty””***. No studies have
demonstrated increased VTE risk associated with TXA. Routine
TXA use is currently incorporated in all rapid recovery protocols
in arthroplasty practices and has been proved safe and effective
in reducing blood loss and the need for blood transfusions™”.

TXA administration has also been shown to reduce blood
loss without increasing VTE risk in orthopaedic trauma. In a
meta-analysis of RCT, Reale et al., demonstrated that VTE risk is
not increased in patients receiving TXA for non-arthroplasty
lower limb orthopaedic procedures such as hip fractures and
knee arthroscopy*”. This is particularly relevant in hip fracture
surgery where mortality risk is sharply affected by perioperative
blood loss and transfusion requirements for fragile patients and
thus TXA may be quite beneficial with prudent use*"**’. TXA use
in spine surgery has also recently emerged, with an interest in its

use for single-level fusion for degenerative spine conditions and
adult deformity surgery where blood loss may be substan-
tial®>**. In their meta-analysis of RCT, Cheriyan et al., found
that IV TXA administration did not increase the risk of VTE or
local hematoma in patients undergoing cervical and lumbar
spine surgery*”. Reasonable theoretical concerns on the balance
between blood loss and epidural hematoma formation exist.

Though most published studies on TXA specifically
exclude patients with prior VTE, moderate quality data exists
and supports this recommendation in high-risk orthopaedic
patients with prior VIE or other hypercoagulable risk-
equivalent medical condition (e.g., atrial fibrillation, coronary
artery disease [CAD], cerebrovascular accident, cancer). In a
matched retrospective series of 1,262 patients with prior VIE
undergoing primary TJA, Sabbag et al., found that the risk of
VTE recurrence was not significantly greater in patients who
received perioperative IV TXA administration'”. When
matched-comparison analysis was performed on the 31 patients
in their cohort who experienced a recurrent VTE, IV TXA was
not independently associated with increased risk. Using the
American Society of Anesthesiologist (ASA) status > 3 as a
surrogate for high VTE risk, Fillingham et al., found in meta-
regression that high-risk patients were at no higher risk of
subsequent VTE following TXA administration*’. This analysis
is supported by a retrospective chart review of 38,220 TJA
patients, where Porter et al., concluded that high-risk patients
that receive TXA are not associated with an increase in adverse
outcomes. Similar VTE risk profiles have been noted in
orthopaedic patients with comorbid CAD and cancer patients
undergoing endoprosthetic reconstruction for primary bone
sarcoma or metastatic carcinoma to bone****. The decision to
utilize TXA must not be solely based on the theoretical risk of
VTE, but instead must weigh all risks and benefits to the
medication. It is important to note that patients with higher
comorbidity burden (e.g., prior VTE, CAD, ASA = 3, malig-
nancy) are known to have a higher risk of complication fol-
lowing significant blood loss and blood product transfusion
and, as such, indirectly benefit from routine TXA usage where
there is lack of evidence to suggest harm from TXA
administration.

Armin Arish, Vasili Karas, George C. Babis, Jeffrey J. Mojica,
Uzung Yoon, Yale A. Fillingham
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18 - Does tourniquet applied to the lower extremity
influence the incidence of post-operative VTE?

Response/Recommendation: There is inadequate evi-
dence to link the use of lower extremity tourniquet during
orthopaedic procedures and postoperative venous thrombo-
embolism (VTE).

Strength of Recommendation: Limited.

Delegates vote: Agree 91.58% Disagree 4.95% Abstain
3.47% (Strong Consensus).

Rationale: The systematic review conducted identified a
few studies related to the use of torniquet and VTE or embo-

lization. Historical reports examined emboli using echocardiograms
immediately following release of a lower limb tourniquet'”*”. In
one particular prospective comparative study of 24 patients under-
going total knee arthroplasty (TKA), there was a 5.33 fold increase in
large venous emboli with the use of a pneumatic tourniquet'”. There
is anecdotal evidence of patient mortality caused by exsanguination
of a limb and inflation of a pneumatic tourniquet***®.

More recently, higher-level evidence has failed to demonstrate
a significant relationship between tourniquet use and VTE"**”. The
three prospective randomized studies evaluating tourniquet use in
TKA, all failed to show a significant difference in symptomatic
VTE""*”, Moreover, systematic review and meta-analysis of foot and
ankle procedures demonstrated limited evidence for increased risk
of VTE with the use of a tourniquet™.

Despite limited overall evidence for use of a tourniquet
as a risk factor for VTE, tourniquet duration has been associated
with VTE. Two retrospective and one prospective study have
examined this topic”>*”. A registry study of 577 primary TKA
patients demonstrated increased risk of complications, including
deep venous thrombosis (DVT) with tourniquet time over 100
minutes””. Tt is worth noting that the relationship between
tourniquet time and operative time is difficult to separate. One
retrospective comparative study of a single surgeon who rou-
tinely used a tourniquet and another who did not demonstrated
significantly higher rate of VIE with the use of a tourniquet.
However, a major confounding variable was surgical time, 72 vs.
36 min. Systematic review of many studies on the topic over the
last ten years shows a strong relationship between longer oper-
ative time and the risk of postoperative VTE"".

To further complicate matters, there are other factors
that have impeded definitive research on the topic. For one,
modern DVT prophylaxis and early ambulation has greatly
reduced the incidence of symptomatic VTE"”. Although var-
iably reported, one large series showed an incidence of VTE
following primary TKA to be less than 0.31%"*. Moreover, the
timing of tourniquet use is widely variable between surgeons.
Some surgeons have advocated use of a tourniquet during
cementation for TKA while others may use tourniquet for the
entire duration of the procedure. A prospective randomized
controlled study of half course vs. full course tourniquet with
64 patients demonstrated no difference in symptomatic or
asymptomatic VTE between groups™'. High quality random-
ized data with adequate power is needed to further characterize
the relationship between torniquet use and VTE, but this may
prove impractical. One contemporary study hypothesized
that a total of 3,400 patients would be needed to provide 95%
power and 5% significance, assuming a baseline symptomatic
VTE event rate of 1% and minimally clinically important dif-
ference of 1%".

Paul Sousa, Mahmoud A. Hafez, Matthew S. Austin
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19 - Does tourniquet applied to upper extremity
influence the incidence of post-operative VTE?

Response/Recommendation: There does not appear to
be a high rate of venous thromboembolism (VTE) after the use
of tourniquets for upper extremity surgery.

Strength of Recommendation: Limited.

Delegates vote: Agree 96.55% Disagree 0.49% Abstain
2.96% (Strong Consensus).

Rationale: Arterial tourniquets are commonly used to
achieve a bloodless operative field. While there is some data to
suggest an increase in the rates of VTE in lower extremity
surgery, this type of data does not exist in the upper extremity.
The body of literature related to tourniquet use in the upper
extremity focuses on an assessment of pain, and post-operative
complications, such as hematoma and limb ischemia. Most
data are from level IV case series or level III comparative
studies*”. No study demonstrates an increase in symptomatic
VTE with the use of tourniquet in the upper extremity; how-
ever, no study also specifically evaluated the possible associa-
tion between VTE and the use of upper extremity torniquet.
There is one randomized controlled trial comparing minor
hand procedures performed with or without the use of a
tourniquet**®. Similarly, the authors did not specifically
evaluate VTE, and do not report any difference based on
tourniquet use.

Surena Namdari, Samir Mehta
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20 - Is intraoperative heparin effective and safe to
prevent postoperative VTE in patients undergoing
orthopaedic procedures?

Response/Recommendation: Intravenous (IV) admin-
istration of intraoperative heparin to patients undergoing total
hip arthroplasty (THA) has been investigated and found to be safe
and effective in prevention of postoperative venous thrombo-
embolism (VTE). Further studies are needed to evaluate the
efficacy of this modality in other orthopaedic procedures.

Strength of Recommendation: Moderate (for hip).

Delegates vote: Agree 84.06% Disagree 8.70% Abstain
7.25% (Strong Consensus).

Rationale: There is an increased risk of VTE after major
orthopaedic surgery, such as THA, total knee arthroplasty
(TKA), or spine surgery'. The initial stimulus for throm-
bus formation occurs during surgery but most regimens for
VTE prophylaxis start postoperatively*”. In a randomized
controlled trial (RCT) comparing low-molecular-weight hep-
arin (LMWH) started within 2 hr. before surgery vs. 4 hr. after
surgery vs. warfarin for THA, the risk of bleeding was highest in
patients started on preoperative LMWH"®. During surgery,
particularly THA, there is activation of coagulation, measured
as increased levels of thrombin-antithrombin complex, pro-
thrombin fragment 1 + 2, fibrinogen peptide A and D-dimer
after reaming of the femur during the insertion of the femoral
component of the prosthesis*”. These findings led to the
evaluation of administration of intraoperative heparin to
reduce the thrombus formation in the early stage. Unfractionated
heparin (UFH) was used because there was experience from
intravenous administration of heparin during cardiac bypass sur-
gery. Furthermore, UFH can be effectively reversed with protamine
in case of increased bleeding.

Three RCT have been published, comparing intra-
operative IV UFH with placebo; two in THA"**"', and one in
total knee arthroplasty (TKA)*?. In the THA trials all patients
received aspirin 650 mg daily for 11 — 30 days postoperatively,
which could have attenuated the effect of intraoperative hep-
arin. The UFH regimens differed. In the study by Sharrock
et al., 1,000 units UFH before surgery plus 500 units every
30 min during surgery was administered”. In the study by
Westrich et al., 15 units/Kg of UFH was administered at the end
of acetabular reconstruction””', and in the study by Giachino
etal., 100 units/Kg of UFH was administered before tourniquet
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inflation during TKA and the UFH was reversed later with
protamine*’. In the study by Sharrock et al., there was a
reduction of the composite of deep venous thrombosis (DVT)
detected on screening with venography and pulmonary
embolism (PE) in the UFH group but also increased intra-
operative blood loss*. In the study by Westrich et al., there
were similar outcome in the two groups regarding VTE, in-
traoperative blood loss and postoperative drainage”'. The
study by Giachino et al., evaluated embolic material, in-
terpreted as mainly fat emboli, in the right atrium after release
of the tourniquet without detecting any difference between the
groups™. One additional study included 26 patients under-
going THA who were randomized into two groups (one group
receiving UFH and another group receiving none) and found
that the level of D-dimer and other coagulation parameters
were reduced in the group receiving UFH"”,

Several prospective cohort studies have been per-
formed, comparing different regimens of intraoperative UFH
for THA™, or comparing two small cohorts with or without
UFH intraoperatively for THA*?, or for TKA"® without any
difference in outcome, or comparing with historical studies
that did not use intraoperative UFH but without any clear
difference in symptomatic VIE™. The exception is for one of
the cohorts (adjusted dose heparin) in the study by Huo et al., for
which in comparison with a historical control group there
was a reduction in VTE (p = 0.37)*. Another prospective
study in TKA was a single arm cohort without any comparator®”.
A prospective cohort study in patients with lumbar spine sur-
gery compared UFH 50 - 75 units/Kg with control without
any difference in VIE or blood loss (after adjustments for
confounders)*”.

A retrospective chart review of two very large cohorts with
THA and TKA receiving 1,000 iu of UFH at skin incision and 500
units intraoperatively did not find significant differences in the
incidence of fatal PE vs. historical controls™. Finally, a retro-
spective review of patients with a history of VTE and undergoing
THA with UFH 10 units/Kg before preparation of the femoral
canal had inconclusive results, since there was no comparator and
postoperatively different antithrombotic regimens were used™".

Regarding safety, with the exception of the study by Shar-
rock et al.*, there was no study that showed significantly
increased bleeding with intraoperative heparin (after adjustments,
when applicable), and the aforementioned study used repeated
doses of 500 units heparin every 30 minutes during surgery, which
added up to more heparin than any subsequent regimen.

It should be noted that almost all studies in patients with
THA used regional anesthesia, which contributes to a reduction
in the VTE incidence and may have been a confounding variable.

Despite the demonstration of activated coagulation during
major orthopaedic surgery, there is no high-quality clinical evi-
dence to support the benefit of intraoperative UFH for all ortho-
paedic procedures. The only potential benefit of intraoperative
administration of UFH may be in patients undergoing THA.

Sam Schulman, Alfredas Smailys, Nigel Sharrock
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21 - Does the type of anesthesia administered influence
the risk of VTE in orthopaedic surgery?

Response/Recommendation: The use of neuraxial anes-
thesia is associated with a reduced risk of venous thromboem-
bolism (VTE) after lower extremity joint arthroplasty and should
be considered as part of a multimodal prophylaxis regimen when
feasible.

Strength of Recommendation: Moderate.

Delegates vote: Agree 94.58% Disagree 2.46% Abstain
2.96% (Strong Consensus).

Rationale: Many orthopaedic procedures performed on
the extremities are amenable to regional (neuraxial and/or
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peripheral nerve blocks) instead of or in addition to general
anesthesia. This approach has been linked to better pain con-
trol, sympathectomy-mediated vasodilatation, and reduction
in the overall stress response™”. Despite the many reported
benefits of regional anesthesia in mitigating the risk of peri-
operative complications, data on the impact of regional anes-
thesia on the risk of thromboembolic events are available
almost exclusively for total joint arthroplasty. Here, recent
consensus group work by the International Consensus Group
on Anesthesia Related Outcomes after Surgery (ICAROS),
which was based on an extensive review and analysis of the
literature, suggested that the use of neuraxial vs. general
anesthesia was associated with a 48% and 37% reduction in the
risk of deep venous thrombosis and pulmonary embolism for
total hip arthroplasty (THA), and a 33% and 21% reduction in
the risk of the same endpoints for total knee arthroplasty
(TKA), respectively™. This benefit was also noted when the
analysis was restricted to studies wherein chemoprophylaxis
was routinely used. Conclusions remained unaffected by the
analysis of: 1) studies published after 1995 to reflect more
contemporary practice, and 2) only randomized controlled
trials as supposed to the inclusion of observational data.
Additionally, when combining regional techniques with gen-
eral anesthesia, additional benefit was observed, thereby sug-
gesting an intrinsic benefit of neuraxial anesthesia that was
separate from the avoidance of a general anesthetic approach.

There is a paucity of literature on the impact of regional
anesthesia on thromboembolic risk in other types of ortho-
paedic surgery. However, the choice of anesthetic and analgesic
technique should also take into consideration additional adverse
outcomes (i.e., risk of infection, pulmonary and cardiac com-
promise, etc.), many of which are substantially reduced with the
use of regional anesthetic approaches. Further, the impact of
anesthetic and analgesic techniques on VTE should be contin-
ually reassessed in light of recent advances such as those related
to Early Recovery After Surgery (ERAS) pathways.

Stavros G. Memtsoudis, Crispiana Cozowicz, Eugene R. Viscusi

References

502. Kehlet H. Enhanced postoperative recovery: good from afar, but far from good?
Anaesthesia. 2020 Jan;75(Suppl 1):e54-61.

503. Memtsoudis SG, Cozowicz C, Bekeris J, Bekere D, Liu J, Soffin EM, Mariano
ER, Johnson RL, Hargett MJ, Lee BH, Wendel P, Brouillette M, Go G, Kim SJ, Baaklini
L, Wetmore D, Hong G, Goto R, Jivanelli B, Argyra E, Barrington MJ, Borgeat A, De
Andres J, Elkassabany NM, Gautier PE, Gerner P, Gonzalez Della Valle A, Goytizolo E,
Kessler P, Kopp SL, Lavand’Homme P, MacLean CH, Mantilla CB, Maclsaac D,
McLawhorn A, Neal JM, Parks M, Parvizi J, Pichler L, Poeran J, Poultsides LA, Sites
BD, Stundner O, Sun EC, Viscusi ER, Votta-Velis EG, Wu CL, Ya Deau JT, Sharrock NE.
Anaesthetic care of patients undergoing primary hip and knee arthroplasty:
consensus recommendations from the International Consensus on Anaesthesia-
Related Outcomes after Surgery group (ICAROS) based on a systematic review and
meta-analysis. Br J Anaesth. 2019 Sep;123(3):269-87.

22 - Does the use of PMMA cement during orthopaedic
procedures influence the risk of subsequent VTE?
Response/Recommendation: Although polymethyl meth-
acrylate (PMMA) cement and its component parts have not
been demonstrated to be thrombogenic in vitro, the use of

PMMA cement does influence the risk of subsequent emboli-
zation, some of which may be labeled as venous thromboem-
bolism (VTE).

Strength of Recommendation: Moderate.

Delegates vote: Agree 84.77% Disagree 9.64% Abstain
5.58% (Strong Consensus).

Rationale: PMMA bone cement is widely used across a
variety of clinical applications in orthopaedic surgery including
for implant fixation purposes, cranial surgery, and spinal fix-
ation®. Bone cement consists of two component parts. Typi-
cally, the powder is composed of the polymer, an initiator,
and a radio-opacifier. The liquid consists of the monomer,
accelerator, and the inhibitor’®.

An in vitro study by Blinc et al., found that the surface of
aged or fresh bone cement did not exhibit thrombogenicity, and
that the liquid component of bone cement inhibited both platelet
aggregation and plasma clotting, but not at concentrations that
would be expected in vivo™. Similarly, Cenni et al., evaluated the
compatibility of methacrylate-based bone cement on plasma,
cultured human endothelial cells, and an erythrocyte suspension.
That study found no effect of cement on the plasmatic phase of
coagulation, did not induce the expression of endothelial cell
procoagulant activity, and had no hemolytic effect on erythro-
cytes™. A follow-up study by the same group involving the testing
of seven different bone cements found no induction of hemolysis
nor any activation of the intrinsic coagulation pathway in vitro®®.
Animal studies, using a dog model, supports the in vitro findings
and do not implicate the monomer as playing a role in cardio-
pulmonary/vascular events™".

Clinical observations, however, have identified embolic
phenomenon associated with the use of PMMA bone cement.
The spinal surgery literature is rich with reported complica-
tions of non-thrombotic pulmonary cement embolism due to
intra-vascular extravasation of pressurized liquid cement dur-
ing percutaneous vertebroplasty (PVP) and balloon kypho-
plasty (BKP) procedures™**". Embolization of the pulmonary
circulation with small amounts of cement is often asymp-
tomatic and frequently identified incidentally on plain film
radiography as well as computer tomography (CT) of the
chest™***. The incidence of pulmonary cement embolization
ranges from 3.5 to 23% based on imaging and is felt to
underestimate the true incidence of cement extravasation into
the pulmonary circulation®. Several techniques have been
introduced to successfully reduce the risk of pulmonary cement
embolism either by intensive monitoring using CT fluoros-
copy™™ or by reducing the pressure in the vertebral body
before/during cement injection™*”. No evidence-based guide-
lines exist regarding the therapeutic management of patients
with pulmonary cement embolism although approaches range
from observation in asymptomatic patients to anticoagulation
for 3 - 6 months in symptomatic individuals™.

Embolic and thrombotic events in association with the
use of PMMA bone cement have been observed from the
earliest days of arthroplasty involving both the hip and knee, as

504

well as in the shoulder and in oncologic procedures™.
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Prospective studies involving the use of transesophageal ech-
ocardiography (TEE) document fat and marrow emboli during
bone preparation, cementing and implant insertion™* ",
Clinical manifestations of this embolization range from tran-
sient hypoxia, loss of consciousness, to acute respiratory dis-
tress syndrome (ARDS), and even death™"**. The development
of this clinical entity has been variously described as bone
cement implantation syndrome (BCIS) or fat embolism syn-
drome (FES) both of which are incompletely understood
entities occurring as rare non-thrombogenic complications in
patients following total hip arthroplasty (THA) and total knee
arthroplasty (TKA). An prospective study by Morda et al., on
patients with fractures of the femoral neck did not identify
alterations in coagulation based on thromboelastographic
studies as playing any role in the development of BCIS*”.
Treatment of both BCIS and FES centers on supportive care,
fluid resuscitation, possible corticosteroid use, and respiratory
support in the face of ARDS™.

With regard to the risk of venous thromboembolism, a
meta-analysis by Li et al., compared the efficacy and safety of
cemented and uncemented hemiarthroplasty in the treatment of
elderly patients with fracture of the femoral neck. That meta-
analysis involved eight randomized control trials (RCT) en-
compassing 1,577 hips. The incidence of pulmonary embolism
(PE) was statistically significantly higher in the cemented
group™. Conversely, however, Liu et al., found no difference
in cardiovascular complications — including PE — in their
meta-analysis of 15 RCT encompassing 3,790 patients compar-
ing cemented vs. cementless hemi-arthroplasty for elderly
patients with a displaced femoral neck fracture™.

In association with THA, fat and marrow emboli that have
been demonstrated to occur in association with cementing were
found to be reduced when using changes in surgical technique
involving such methods such as bone-vacuum assistance™"**.
Marrow contents are felt to be activators of the coagulation cas-
cade when introduced into the intravascular space™”. In a pro-
spective RCT by Pitto et al., a reduction in fat and bone marrow
embolization demonstrated via TEE using a bone-vacuum tech-
nique resulted in a statistically significant reduction in VTE events
compared to standard cementing™”. With regards to TKA, limited
information is available regarding the VTE risk and fixation. In a
retrospective review by Hitos et al., cemented TKA was associated
with a rate of deep venous thrombosis (DVT) that was statistically
significantly higher than cementless TKA*'. An RCT with veno-
graphic endpoints by Clark et al., comparing cementless TKA,
cemented TKA, and cemented THA found an increased length of
the thrombus with cemented TKA but no difference in incidence
of DVT among the three groups™. Two prospective cohort studies
that were underpowered found no effect of cement vs. cementless
fixation on DVT rate following TKA™**,

Surgical technique, anatomic location and patient
selection appear to play important roles in the mitigation of
VTE risk when using PMMA cement.

Louis M. Kwong, Yoshi P. Djaja, Brett Levine
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23 - Does the intra-operative positioning of a patient
undergoing orthopaedic surgery influence the risk of
subsequent VTE?

Response/Recommendation: While surgical positioning
may influence the venous thromboembolism (VTE) risk after
some orthopaedic surgical procedures, there are no high-quality
studies addressing this issue. We recommend that surgeons base
these decisions on optimal surgical site access/exposure as well as
their technical expertise rather than as a strategy to reduce VTE risk.

Strength of Recommendation: Consensus.

Delegates vote: Agree 97.04% Disagree 0.49% Abstain
2.46% (Strong Consensus).

Rationale: Intraoperative patient positioning has been
shown influence operative time, blood loss and VTE risk in a variety
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of surgical procedures™. Surgical positioning, which is inextricably
related to surgical site approach, may affect all three components of
Virchow’s triad. For example, the prone position often leads to
reduced venous return due to abdominal compression and com-
pression of femoral veins™; intraoperative hip and knee extension
may also decrease venous drainage from the legs™. Therefore,
patient positioning has been proposed as a potentially modifiable
risk factor for VTE in orthopaedic patients. However, data on this
topic is extremely limited and is too heterogenous to allow the
determination of VTE rates with different intraoperative positions
for any given orthopaedic procedure. More important surgical risk
factors include the surgical approach as well as type of procedure.

Shoulder: Open or arthroscopic shoulder surgery can be
performed either with the patient positioned in the lateral
decubitus or the beach-chair position™. Although the risk of
VTE is very low after shoulder surgery, 