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Modern oral medications to prevent venous thromboembolism - critical review of evidence base
in terms of a risk/benefit ratio
A.P. Sereda

Federal Medical-Biological Agency of Russia, Moscow, Russian Federation

Modern oral medications used to prevent venous thromboembolism (VTE) have gained widespread use with major
orthopaedic and trauma procedures. There are no accurate multicenter data on the frequency of usage of different prophylactic
medications in our country but discussions of the colleagues at specialized web forums make us suspect that factor Xa and
dabigatran etexilate inhibitors are in the top three next to low molecular weight heparins. Marketing and promotion strategies
of pharmaceutical companies are likely to be of immense importance in that with the contribution of clinical research studies
for pharmaceutical drugs. However, preferences of European and American orthopaedic surgeons for the choice of drugs
are completely different from those of Russian surgeons. Vitamin K antagonists, acetylsalicylic acid, low molecular weight
heparins are commonly used for antithrombotic therapy abroad. Different approaches of Russian and foreign orthopaedic
surgeons to the choice of drugs can be explained by a different use of a high-quality evidence base. In our opinion, a collision
component can be involved in the endpoints of clinical trials that will be discussed in the present critical review.
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INTRODUCTION

Prevention of venous thromboembolism (VTE)
manifested as either deep vein thrombosis (DVT)
or pulmonary embolism (PE) is crucial for patients
undergoing major orthopaedic surgery including total
joint replacement and widely discussed in the world
literature. A recent thread of September 26, 2018 at
OrthoForum that prompted the author to the critical
review focused on utility of a thromboprophylactic
strategy on prevention of VTE in immobilization, in
an attempt to get the facts straight... [1]. The optimal
approach to thromboprophylaxis was discussed at
the forum, and with increased patient awareness,
there were also legal implications associated with
the development of complications. Papers and
respective clinical practice guidelines for VTE
prophylaxis have been published by professional
associations including those published from Russian
National Associations:

- Russian clinical practice recommendations
“Prophylaxis of venous thromboembolism in
traumatology and orthopaedics”, 2012 [2];

- Russian clinical practice recommendations on
diagnosis, treatment and prevention of deep vein
thrombosis, 2015 [3];

- National Standard of the Russian Federation
“Prophylaxis of VTE syndromes “, GOST R 56377,

2015 printed out in 31 copies and being available in
electronic format [4].

National Standard (GOST R 56377) is not in
compliance with Article 76 of Federal Law No.
323-FZ of 21 November 2011 on Basics of Health
Protection of the Citizens of the Russian Federation
as amended by Federal Laws of 08 March 2015
No. 55-FZ, of 29 December 2015 No0.389-FZ 2 but
medical practitioners treat the document as bindings
due to the extent to which they are influenced by the
law because of fear of legal liability in the course of
their clinical practice that is not quite reasonable in
our opinion.

The
strategies identified by the National Institute for
Health and Care Excellence (NICE, UK) [5], the
Scottish Intercollegiate Guidelines Network (SIGN,
Scotland) [6], International Consensus Statement
(ICS) [7], National Health and Medical Research
Council (NHMRC, Australia) [8], the American
College of Chest Physicians (ACCP, USA) [9, 10,
11] and the American Association of Orthopedic
Surgery (AAOS, USA) [12]. We believe that the
ACCP provides the most adequate guidance for VTE
prophylaxis and the 9th edition ACCP guidelines
were published in 2012 [9] and generated a lot of

Russian guidelines outline prophylaxis
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discussions [13, 14]. Copying guidelines may result
in loss of quality. The Russian clinical practice
recommendations on diagnosis, treatment and
prevention of deep vein thrombosis of 2015 [3]
include a one-page trauma section with six references
mentioned in the list and with one being pertinent to
traumatology [2]. Opinions of medical practitioners
from OrthoForum [1] thread appear to be disconcerted
with the existing recommendations published six years
ago and adopted by expertise council seven years ago,
and updated VTE prophylaxis guidelines is needed
for trauma patients. Updated recommendations are
very likely to replicate foreign guidelines provided
the availability of evidence based guidelines for VTE
prophylaxis.

Study design as the basis to formulate
recommendations

We earlier reported [14] on the Grading of
Recommendations  Assessment,
and Evaluation (GRADE) approach providing a
system for rating quality of evidence and strength
of recommendations [15]. There are controversies
regarding
discussed in the previous publication. Numerous
considerations attend the question of which endpoints
to use including DVT, proximal DVT and distal

DVT, symptomatic and asymptomatic thrombosis.

Development

identification/diagnosis of endpoints

There are also controversies in diagnostic aspects
of endpoint detection (ultrasonographic screening,
venography) that make the situation more difficult.
An identical situation is observed with analysis of
PE as an endpoint (symptomatic, asymptomatic,
extent of involvement lethal/nonlethal, diagnostic
modalities) [14]. Serious adverse events including
bleeding (minor, major), stroke are specific
conditions to be considered in addition to major
endpoints (i.e. VTE complications). Researches on
VTE prevention focus primarily on thromboembolic
and hemorrhagic complications. Application of
ACCP-GRADE approach identifies the so-called
“important outcomes” (symptomatic DVT and
serious bleeding) having advantages over surrogate
criteria (venographic DVT) [16]. The decision
on VTE prevention should be based on the risk/
benefit ratio. And there is also a question whether
the physician is well aware of all risks related to
pharmacological VTE prophylaxis using clinical

practice recommendations.
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As it was noted before, no accurate data on
preferences of VTE prophylaxis in orthopaedic
procedures are available in the Russian Federation.
Telephone questionnaires of the colleagues from
the leading joint replacement centers in Moscow
with annual surgical activity of more than 1000
procedures indicated to the wide oral administration
of rivaroxaban and dabigatran etexilate:

e [.LM. Sechenov First Moscow State Medical
University: about 100 % of patients receive dabigatran
etexilate in some months;

e N.I. Pirogov Russian National Research Medical
University: rivaroxaban in 99 %, a low-molecular
weight heparin in 1 % (the strategy of the last three
years employed for more than 9000 patients);

e Center for Treatment and Rehabilitation:
rivaroxaban in 90 %, a low-molecular weight
heparin in 10 %.

e S.P.Botkin Moscow City Clinical Hospital:
rivaroxaban in 60 %, dabigatran etexilate in 35 %, a
low-molecular weight heparin in 5 %.

A separate study is needed to obtain more accurate
figures since shifting the management with a low-
molecularweightheparinto oral administrationis more
common as compared to monopharmprophylaxis.
In any case, this is not so important for the critical
review, however, oral anticoagulation therapy is
likely to be more common in Russia than in Europe
and North America. The most commonly prescribed
postoperative anticoagulation in the USA is warfarin
(38.0 %), followed by low-molecular weight heparin
(33.8 %) [17].

Rivaroxaban and risk of infection. Risk of
infection complications was first reported in 2012.
Simon S. Jameson et al. compared 2762 patients who
were prescribed rivaroxaban following knee and hip
arthroplasty and patients who were prescribed a low-
molecular weight heparin. Rivaroxaban group showed
a higher rate of superficial wound complications
(3.85 % compared with 2.8 %; OR =0.72, 95 %
confidence interval CI =0.58-0.9; p =0.005) [18].
In the same year of 2012 Terry Stanton conducted
retrospective cohort analysis of 1558 consecutive
patients undergoing joint replacement and found [19]
that in the first group of 489 patients who received
tinzaparin, the rate of wound complications was
1.8 %; the next 559 patients were given rivaroxaban
and had the rate of wound complications of 3.94 %
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(p = 0.046). Because of the significant increase in the
rate of wound complications the final 510 patients
received tinzaparin and had a wound complication
rate of 1.6 % (p = 0.02 compared with the second
group). Summarizing wound complication rate of
the first and third groups and comparing it with the
second group showed a greater statistical significance
in the rise of complication rate in the rivaroxaban
group.

In 2013 G.S. Chahal et al. [20] published results of
a retrospective cohort study comparing arthroplasty
patients who received rivaroxaban (160 patients) and
enoxaparin (227 patients). They found that patients
who received rivaroxaban were more than twice as
likely to return to theater for wound complications
compared to patients receiving enoxaparin. Infection
to 1.9 % after the
introduction of rivaroxaban and microbiologically

rates increased from 0.9 %
confirmed superficial infections rose from 1.3 %
to 3.1 % in rivaroxaban patients. Although not
statistically significant, this increase was in line
with previous studies. The study highlighted the
need for large randomized controlled trials to
assess postoperative complications following the
introduction of rivaroxaban for post-arthroplasty
thromboprophylaxis. In the same year of 2013
K. Sindali et al. reported a tendency of greater risk
of infection with the introduction of rivaroxaban (202
patients, complication rate of 5.0 %) as compared
to the introduction of enoxaparin (56 patients,
complication rate of 1.8 %). The differences were not
significant due to a small patient population [21].

By 2015 there were 4 publications reporting the
rise in infections with the introduction of rivaroxaban.
Two relatively big series reported statistically
significant differences [18, 19], and the differences
were found insignificant in smaller cohorts [20, 21].
In May 2015 I spoke to A.G.Turpie who developed
rivaroxaban study designs for orthopaedic surgery
and suggested the importance of endpoints for both
superficial and deep surgical site infections with
paraprosthetic joint infection being a disaster for
the patient and the surgeon. Simon S. Jameson who
was the first to report about the increased infection
rate supported the consideration. In 2017 Paolo Di
Benedetto et al. reported no evidence of association
between rivaroxaban and early acute periprosthetic
joint infection in the group of 205 patients [22],
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but the significance of the conclusion seemed to be
unconvincing in context with previous publications
and the cohort of patients reviewed.

Unfortunately there have been no adequate
findings on the risk of infection with the introduction
of rivaroxaban by October 2018 and we have high
expectations for PEPPER [23], a large clinical trial
that started in 2016 and is estimated to be primarily
completed in 2020. The PEPPER trial will work with
25,000 (!) patients who are undergoing total knee
(TKA) and hip (THA) replacement and findings will be
available in 2021. PEPPER trial is quite different from
previous trials (XAMOS, etc.) in terms of enrollment,
treatment groups and endpoints. The three most
commonly used anticoagulants in North America were
selected for the trial. The anticoagulants to be compared
were acetylsalicylic acid (aspirin), coumadin (vitamin
K antagonist, warfarin) and rivaroxaban (xarelto). The
trial is expected to shed light on controversial role of
the acetylsalicylic acid [13, 14]. No low-molecular
weight heparin has been included in the trial.

Most common endpoints are:

- all-cause mortality, clinically important PE and
DVP;

- hemorrhagic complications (major, clinically
important) including problems of postoperative
wound healing leading to reoperation, deep infection;

- joint function assessed with subjective scales;

- quality of life assessed with subjective scales.

Therefore, specific and very important aspects
of orthopaedic surgery will be studied exploring
superficial and deep infection rate, quality of life
of arthroplasty patients and outcomes of joint
replacement. One cannot overestimate the importance
of PEPPER clinical trial which is ground-breaking
prior to obtaining results using important orthopaedic
endpoints identified by investigators.

Dabigatran etexilate and risk of infection.
There is only one research on dabigatran etexilate
reporting somewhat disturbing results. In 2011
S.K. Gill et al. compared dabigatran administered in
56 prospective patients and dalteparin administered in
67 retrospective patients who received acetylsalicylic
acid discharged home. The rate of reoperation due to
superficial infection was 7 % (n =4) in dabigatran
group and 1% (n=1) in dalteparin group. The
differences were insignificant due to the small cohort
of patients [24].
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Study design is known to rely largely on
manufacturers. In case of rivaroxaban there is a span
of four years between first reports on infections and
PEPPER launch. Dabigatran study program on was
announced in 2011 and since then there has been
no efforts exerted by the manufacturer to explore
infection rate after total joint replacement procedures.
The problem appears to be important solely for the
surgeon and the patient and the manufacturer of
dabigatran has made no efforts to provide a sustainable
approach to the drug’s anticoagulant activity.

Vitamin K antagonist. In 2014 Z. Wang et al. [25]
used the Global Orthopedic Registry (GLORY) to
review 3,755 patients in US who elected for primary
total hip or knee arthroplasty, received either warfarin
or low-molecular weight heparin as VTE prophylaxis.
Compared to warfarin, low-molecular weight heparin
was associated with significantly higher rates of
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reoperation (2.4 % vs. 1.3%; OR=1.77) and
infections (1.6 % vs. 0.6 %; OR = 2.79). We introduced
the publication (being not a rare occurrence) to show
warfarin as one of the most common anticoagulants
in US. But warfarin and other oral drugs for VTE
prophylaxis have several shortcomings.
Manipulation. There was an interesting article
published in Journal of Bone and Joint Surgery
August issue 2018. C.A. Kahlenberg et al. [17]
analyzed 32,320 patients who underwent a primary
total knee replacement. There were 1,178 patients
(3.64 %) who underwent
anesthesia. Comparison with low molecular weight

manipulation under

heparin showed a significant increase in the risk
of manipulation under anesthesia for patients who
received warfarin (hazard ratio, 1.17, p = 0.032) and
xabans, direct factor Xa inhibitors, (hazard ratio,
1.42, p < 0.001), in particular.

CONCLUSION

Appropriate VTE prophylaxis is ensured
through standards and recommendations relating
to clinical practice issues within orthopaedics,
however, clinical guidelines and recommendations
of national orthopaedic associations are limited
by clinical trials quality filter. Thromboembolism
prophylaxis with oral anticoagulants is common
in orthopaedic surgery in our country and oral
administrations are more common as compared to
foreign countries. Risk/benefit ratio is deemed to
lack a comprehensive evaluation with less focus on
infections in thromboembolism prevention issues.
We can’t help remembering a brilliant remark from
Arkady Raykin, ‘Who is the person who has made
the suit?’ that can be interpreted as “Are there any
complaints with thromboembolism complications?’
An increased rate of manipulation under anesthesia
after total knee replacement has been reported in
patients who received direct factor Xa inhibitors.

The extensive rivaroxaban clinical trial program
involving clinically important primary endpoints
in addition to thromboembolism complications
represents a significant advance for VTE prophylaxis
providing a comprehensive evaluation of the patient
and invites genuine respect. There is at least a span
of 10 years between the first reports on wound
complications following rivaroxaban administration
(2012) and clinical evidence to be generated from
PEPPER in 2012. There is a lack of scientific
evidence of the safety and efficacy of dabigatran
with an underestimation of adverse effects. Our
national clinical practice recommendations for the
prevention of venous thromboembolism require
updating revision with information on infections
to be included and a tendency to oral anticoagulant
administration in orthopaedic surgery that is not
in line with the practice in North America to be
considered.

REFERENCES

1. Profilaktika trombozov pri immobilizatsii [Thromboses prevention during immobilization]. (in Russian) Available at: http://weborto.

net/forum/1537906272/index_html

2. Mironov S.P,, Kirienko A.I., Skorogliadov A.lL., leaders. Profilaktika venoznykh tromboembolicheskikh oslozhnenii v travmatologii
i ortopedii: Ros. klinich. rek. utv. na soveshch. ekspertov 25.06.2011 [Prevention of venous thromboembolic complications in
traumatology and orthopaedics: Russian Clinical Recommendations approved at the expert meeting 25.06.2011]. Assots. travmatologov-
ortopedov Rossii, Assots. flebologov Rossii [Association of Traumatologists-Orthopedists of Russia, Association of Flebologists of
Russia]. Travmatologiia i Ortopediia Rossii, 2012, no. 1 (63), supplement, pp. 2-24. (in Russian).

3. Rossiiskie klinicheskie rekomendatsii po diagnostike, lecheniiu i profilaktike venoznykh tromboembolicheskikh oslozhnenii (VTEO):
utv. soveshch. Ekspertov [Russian clinical recommendations on diagnosis, treatment and prevention of venous thromboembolic
complications (VThEC) approved at the expert meeting]. Assots. flebologov Rossii, Assots. serdechno-sosud. khirurgov Rossii, Vseros.

Literature review 427



Genij O/ispedii, Tom 25, No 3, 2019

O-vo Khirurgov i dr. [Association of Flebologists of Russia, Association of cardiovascular surgeons of Russia, All-Russian Society of
Surgeons et al.]. Flebologiia, 2015, vol. 9, no. 4-2, 52 p. (in Russian)

4. GOST R 56377-2015. Klinicheskie rekomendatsii (protokoly lecheniia). Profilaktika tromboembolicheskikh sindromov [State Standard
56377-2016. Clinical Recommendations (Protocols of treatment). Prevention of thromboembolic syndromes]. Moscow, Standartinform,
2015. 42 p. (in Russian)

5. Hill J., Treasure T.; Guideline Development Group. Reducing the risk of venous thromboembolism (deep vein thrombosis and
pulmonary embolism) in patients admitted to hospital: summary of the NICE guideline. Heart, 2010, vol. 96, no. 11, pp. 879-882.
DOI: 10.1136/hrt.2010.198275.

6. Scottish Intercollegiate Guidelines Network (SIGN). Prophylaxis of venous thromboembolism. A national clinical guideline. Edinburgh,
Scotland, 2002, 47 p. SIGN publication, no. 62. 1998-2007.

7. NicolaidesA.N., Breddin H.K., Fareed J., Goldhaber S., Haas S., Hull R., Kalodiki E., Myers K., Samama M., Sasahara A.; Cardiovascular
Disease Educational and Research Trust and the International Union of Angiology. Prevention of venous thromboembolism. International
Consensus Statement. Guidelines compiled in accordance with the scientific evidence. Int. Angiol., 2001, vol. 20, no. 1, pp. 1-37.

8. Wickham N., Gallus A.S., Walters B.N., Wilson A.; NHMRC VTE Prevention Guideline Adaptation Committee. Prevention of venous
thromboembolism in patients admitted to Australian hospitals: summary of National Health and Medical Research Council clinical
practice guideline. Intern Med. J., 2012, vol. 42, no. 6, pp. 698-708. DOI: 10.1111/j.1445-5994.2012.02808.x.

9. Falck-Ytter Y., Francis C.W., Johanson N.A., Curley C., Dahl O.E., Schulman S., Ortel T.L., Pauker S.G., Colwell C.W. Jr. Prevention
of VTE in orthopedic surgery patients: Antithrombotic Therapy and Prevention of Thrombosis. 9th Ed. American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest, 2012, vol. 141, no. 2 Suppl., pp. e278S-e325S. DOI: 10.1378/
chest.11-2404.

10.Geerts W.H., Pineo G.F.,, Heit J.A., Bergqvist D., Lassen M.R., Colwell C.W.; Ray ].G. Prevention of venous thromboembolism:
the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest, 2004, vol. 126, no. 3 Suppl., pp. 338S-400S.
DOI: 10.1378/chest.126.3_suppl.338S.

11.Geerts W.H., Bergqvist D., Pineo G.F., Heit ].A., Samama C.M., Lassen M.R., Colwell C.W. Prevention of venous thromboembolism:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. 8th Ed. Chest, 2008, vol. 133, no. 6 Suppl.,
pp. 381S-453S. DOI: 10.1378/chest.08-0656.

12.Johanson N.A., Lachiewicz P.F., Lieberman ].R., Lotke P.A., Parvizi J., Pellegrini V., Stringer T.A., Tornetta P. 3rd, Watters W.C.
3rd. American Academy of Orthopaedic Surgeons clinical guideline on prevention of symptomatic pulmonary embolism in patients
undergoing total hip or knee arthroplasty. J. Bone Joint Surg. Am., 2009, vol. 91, no. 7. DOI: 10.2106/]BJS.1.00511.

13.Arcelus ].I., Villar ].M., Munoz N. Should we follow the 9th ACCP guidelines for VTE prevention in surgical patients? Thromb Res.,
2012, vol. 130, no. Suppl. 1, pp. S4-S6. DOI: 10.1016/j.thromres.2012.08.260.

14.Sereda A.P. Atsetilsalitsilovaia kislota dlia profilaktiki tromboembolicheskikh oslozhnenii. Realno rabotaet ili grimasa dokazatelnoi
meditsiny? [Acetylsalicylic acid to prevent thromboembolic complications. Does it really work or is it a grimace of evidence-based
medicine?]. Travmatologiia i Ortopediia Rossii, 2018, vol. 24, no. 1, pp. 144-154. DOI: 10.21823/2311-2905-2018-24-1-144-154.

15.Guyatt G.H., Oxman A.D., Vist G.E., Kunz R., Falck-Ytter Y., Alonso-Coello P., Schiinemann H.J.; GRADE Working Group. GRADE:
an emerging consensus on rating quality of evidence and strength of recommendations. BM]J, 2008, vol. 336, no. 7650, pp. 924-926.
DOI: 10.1136/bmj.39489.470347.AD.

16.Guyatt G.H., Akl E.A., Crowther M., Schiinemann H.]J., Gutterman D.D., Lewis S.Z. Introduction to the ninth edition: Antithrombotic
Therapy and Prevention of Thrombosis. 9th Ed. American College of Chest Physicians Evidence -Based Clinical Practice Guidelines.
Chest, 2012, vol. 141, no. 2 Suppl., pp. 48S-52S. DOI: 10.1378/chest.11-2286.

17.Kahlenberg C.A., Richardson S.S., Schairer W.W., Sculco P.K. Type of Anticoagulant Used After Total Knee Arthroplasty Affects the
Rate of Knee Manipulation for Postoperative Stiffness. J. Bone Joint Surg. Am., 2018, vol. 100, no. 16, pp. 1366-1372. DOI: 10.2106/
JBJS.17.01110.

18.Jameson S.S., Rymaszewska M., Hui A.C., James P., Serrano-Pedraza 1., Muller S.D. Wound complications following Rivaroxaban
administration: a multicenter comparison with low-molecular-weight heparins for thromboprophylaxis in lower limb arthroplasty.
J. Bone Joint Surg. Am., 2012, vol. 94, no. 17, pp. 1554-1558.

19.Stanton T. Switch to Rivaroxaban Led to Higher Complication Rate. AAOS Academy News, 2012, February 8, Wednesday.

20.Chahal G.S., Saithna A., Brewster M., Gilbody ]., Lever S., Khan W.S., Foguet P. A comparison of complications requiring return
to theatre in hip and knee arthroplasty patients taking Enoxaparin versus Rivaroxaban for thromboprophylaxis. Ortop. Traumatol.
Rehabil., 2013, vol. 15, no. 2, pp. 125-129. DOI: 10.5604/15093492. 1045953.

21.Sindali K., Rose B., Soueid H., Jeer P., Saran D., Shrivastava R. Elective hip and knee arthroplasty and the effect of Rivaroxaban and
Enoxaparin thromboprophylaxis on wound healing. Eur. J. Orthop. Surg. Traumatol., 2013, vol. 23, no. 4, pp. 481-486. DOI: 10.1007/
s00590-012-0987-y.

22.Di Benedetto P., Zangari A., De Franceschi D., Di Benedetto E.D., Cainero V., Beltrame A., Gisonni R., Causero A. Rivaroxaban and
early periprostethic joint infection: our experience. Acta Biomed., 2017, vol. 88, no. 4S, pp. 38-42. DOI: 10.23750/abm.v88i4-S.6792.

23.Pellegrini V.D., principal investigator. Comparative effectiveness of pulmonary embolism prevention after hip and knee replacement
(PEPPER). Medical University of South Carolina, ClinicalTrials.gov, 2016-2021. Available at: https://clinicaltrials.gov/ct2/show/
NCT02810704.

24.Gill S.K., Theodorides A., Smith N., Maguire E., Whitehouse S.L., Rigby M.C., Ivory ]J.P. Wound problems following hip arthroplasty
before and after the introduction of a direct thrombin inhibitor for thromboprophylaxis. Hip Int., 2011, vol. 21, no. 6, pp. 678-683. DOI:
10.5301/HIP.2011.8842.

25.Wang Z., Anderson F.A. Jr., Ward M., Bhattacharyya T. Surgical site infections and other postoperative complications following
prophylactic anticoagulation in total joint arthroplasty. PLoS One, 2014, vol. 9, no. 4, pp. €91755. DOI: 10.1371/journal.pone.0091755.

Received: 25.04.2019

Information about the author:

Andrey P. Sereda, M.D., Ph.D.,
Federal Medical-Biological Agency of Russia, Moscow, Russian Federation,
Email: drsereda@gmail.com

428 Literature review



