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Abstract

Background: Use of chemical and mechanical anticoagulation for venous thromboembolic (VTE) disease prophylaxis following an-

terior cruciate ligament (ACL) reconstruction has not been well documented.
Hypothesis: The most common protocol of VTE prophylaxis following ACL reconstruction would be aspirin and early ambulation.

Methods: A systematic review was registered with PROSPERO and performed using PRISMA (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analysis) guidelines using three publicly available databases. All studies describing the use of mechanical
and/or chemical prophylaxis to prevent VTE disease following ACL reconstruction were eligible for inclusion. All study, subject and

surgical data were analyzed. Descriptive statistics were calculated.

Results: Of the 2002 studies identified in the initial search, one study was identified that met the inclusion criteria. A total of 140
patients (82 males), mean age 30.1 +/- 7.1 years without concomitant pathology or use of a tourniquet underwent ACL reconstruc-
tion using a bone patellar tendon bone autograft. Patients received either subcutaneous once daily placebo or subcutaneous 40mg
once daily enoxaparin for 20 days after hospital discharge. Two patients (2.8%) in the enoxaparin group and 28 patients (41.2%)
in the placebo group had a magnetic resonance venography (MRV) proven deep vein thrombosis (DVT) (p < 0.001) at 23 to 28 days

post-operatively, with no symptomatic pulmonary embolus in either group.

Conclusion: There is a significant deficit in the literature regarding use of anticoagulation for VTE prophylaxis after ACL reconstruc-

tion. Enoxaparin reduces rates of DVT compared to placebo, but does not reduce the rate of symptomatic PE.

Keywords: Deep Venous Thrombosis (DVT); Pulmonary Embolus (PE); Prophylaxis (PPx); Anterior Cruciate Ligament (ACL) Reconstruc-
tion; Thromboembolic disease

Introduction

Anterior cruciate ligament (ACL) reconstruction is one of the most common surgeries performed by Orthopedic Surgeons and the
number of reconstructions performed each year continues to rise [1]. It is estimated that there are over 250,000 ACL tears annually, over
half of which undergo reconstruction. This amounts to an annual cost of approximately one billion dollars to the health care industry [2-4].

As the number of ACL reconstructions continues to rise, despite a reduction in the complication rate, the overall number of complications
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increases as well [5]. Complications include infection, re-rupture, venous thromboembolism (VTE) (including both deep venous throm-
bosis [DVT] and pulmonary embolism [PE], among others [6]. The rates of VTE have been highly scrutinized around other types of knee
surgery, including total knee arthroplasty. However, the rates of VTE following ACL reconstruction have been less well studied [5,7-9].

Given the potential morbidity and mortality of VTE regardless of etiology and the lack of evidence investigating the routine use of
perioperative VTE prophylaxis for ACL reconstruction, the topic is controversial, poorly defined, and demonstrates a need for study. There
are some surgeons who advocate for routine use of VTE prophylaxis following various arthroscopic knee procedures, ranging from a baby
aspirin to low molecular weight heparin (LMWH) and even rivaroxaban [6,9]. However, there are many ACL reconstruction studies in the
literature with no mention of the use VTE prophylaxis, either mechanical or chemical [10-14]. As chemical VTE prophylaxis is not without
complications including hemarthrosis, surgical site infections, and medication reactions, the treating surgeon must weigh the risk of VTE

with the morbidity of taking chemical anticoagulation [15-17].

The purpose of this investigation was to perform a systematic review and meta-analysis of the entire ACL reconstruction literature
to determine what proportion of subjects receive VTE prophylaxis following ACL reconstruction and the most common protocol of VTE
prophylaxis (chemical, mechanical, dose, duration) after ACL reconstruction. We hypothesized that most patients would not receive VTE

prophylaxis after ACL reconstruction and the most common type of anticoagulation used following ACL reconstruction would be aspirin.

Methods

A systematic review was conducted according to PRISMA guidelines (Preferred Reporting Items for Systematic reviews and Meta-Anal-
yses) using a PRISMA checklist [18]. Systematic review was registered in the PROSPERO International prospective register of systematic
reviews (registration number CRD42014013116) on (July 8, 2014) [19]. Two reviewers independently conducted the search on August
6, 2014 using the following databases: Medline, Cochrane Central Register of Controlled Trials, SportDiscus, and CINAHL. The electronic
search citation algorithm utilized was:

(Anterior cruciate ligament reconstruction [Title/ Abstract]) and knee [Title/ Abstract]) not (cadaver [Title/ Abstract]) not (shoulder
[Title/ Abstract]) not hip [Title/ Abstract]. English language Level I-1V evidence (2011 update by the Oxford Centre for Evidence-Based
Medicine [20]) clinical studies were eligible. No conference abstracts were eligible for inclusion. All references within included studies
were cross-referenced for inclusion of any studies missed by the initial search. Duplicate subject publications within separate unique
studies were not reported twice. The study with the higher number of patients was included. Level V evidence reviews, letters to the edi-

tor, basic science, biomechanical studies, and classification studies were excluded.

A total of 2002 studies were identified on the initial search (Figure 1). The inclusion and exclusion criteria were applied and then the
following information was recorded for the study: Type of anticoagulation (chemical, mechanical), dose of anticoagulation, duration of an-
ticoagulation, number of venous thromboembolic events (PE and DVT) minor bleeding events, major bleeding events, reoperations, and
side effects to medications. There was no minimum follow-up or rehabilitation requirement. Study and subject demographic parameters
analyzed included year of publication, years of subject enrollment, presence of study financial conflict of interest, number of subjects and
knees, gender, age, body mass index (BMI), and diagnoses treated. Study methodological quality was evaluated using the MCMS (Modified
Coleman Methodology Score) [21].

Statistical analysis

Study descriptive statistics were calculated. Continuous variable data were reported as mean +/- standard deviation from the mean.
Weighted means and standard deviations were calculated for all subject, knee, and surgical parameters. Categorical variable data was
reported as frequency with percentages. Statistical analysis was not reported in this study due to the fact that only one study was found

to meet the inclusion/exclusion criteria, which eliminates any means of comparing data.
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Figure 1: PRISMA Flowchart.

Results

Of the 2002 studies initially identified, only one study remained for inclusion in this review after implementation of the inclusion cri-
teria as only one study evaluated solely patients who underwent ACL reconstruction and not other knee arthroscopic procedures (Figure
1) [22]. Marlovits,, et al. was a single center, level I, double-blind, randomized controlled trial, with a potential financial conflict of inter-
est, conducted in France, published in 2007, with an MCMS of 69 [22]. A total of 140 patients, 82 males and 58 females, mean age 30.1
+/- 7.1 years, mean body weight 72.7 +/- 12.3 kg, mean height 174 +/- 8 cm underwent ACL reconstruction using a bone patellar tendon
bone autograft and were included in the intent to treat analysis. Every patient received one dose of enoxaparin 40mg subcutaneously
(SC) preoperatively and while in the hospital. Upon discharge the group was randomized to receive 40 mg of subcutaneous enoxaparin or

subcutaneous placebo once daily for 20 days after discharge.

No patient had radiographic (as defined by magnetic resonance venography (MRV)) evidence of a DVT prior to surgery or at time of
discharge from the hospital. At the final follow up, two patients (2.8%) in the enoxaparin group and 28 patients (41.2%) in the placebo
group had an MRV proven DVT (p < 0.001), while no patient had a symptomatic PE. There were 13 patients (2.5%) in the enoxaparin
group and 10 patients (2.0%) in the placebo group who experienced minor bleeds (p = 0.595). Minor bleeds were differentiated from

major bleeding events which included fatal bleeding, intracranial, intraspinal, or retroperitoneal bleeding, bleeding leading to reoperation
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or transfusion of 2 or more units of packed red blood cells, bleeding involving a critical organ, and overt bleeding with a bleeding index
of two or more. Immobilization prior to surgery and age > 30 years were noticed to be independent risk factors for DVT following ACL

reconstruction.

Discussion

ACL reconstruction has become a common surgery for both sports medicine fellowship trained and general orthopaedic surgeons [5].
However, the decision on whether to anticoagulate patients post-ACL reconstruction has varied opinions. The purpose of this study was to
perform a systematic review of the current literature to determine the most common type of VTE prophylaxis following ACL reconstruc-
tion as well as the trends in use of VTE prophylaxis following ACL reconstruction. As only one study met the inclusion criteria, it is difficult
to confirm or reject our hypotheses that aspirin would be the most common anticoagulant and that the trend in the literature would be to
avoid anticoagulation after ACL reconstruction. However, as the included study was the highest quality evidence possible (level I evidence:
a double blind randomized control trial), the authors’ hypotheses were rejected as enoxaparin was the anticoagulant of choice, and a lower
rate of DVT was seen in the treatment group compared to the placebo group [22]. However, despite the higher incidence of DVT in the

placebo group, there was no difference in symptomatic PE rates.

Prophylaxis against VTE following ACL reconstruction is a controversial topic. While some surgeons may routinely use some form of
anticoagulation or VTE prophylaxis, based on the results of this literature search it appears that the majority do not use VTE prophylaxis,
or if they do it is not reported in the literature. While VTE prophylaxis, both mechanical and chemical, is routinely performed after ar-
throplasty procedures, the indications for VTE prophylaxis following arthroscopic surgery, specifically ACL reconstruction, are less well
defined [23,24]. There have been several studies that have evaluated VTE prophylaxis after arthroscopic surgery of the knee [6,25-28].
Wirth., et al. randomized 262 patients who underwent outpatient arthroscopic knee surgery (meniscectomy, loose body removal, but not
ACL reconstructions) to receive low-molecular weight heparin (LMWH) or nothing for VTE prophylaxis [26]. Five patients (4.1%) in the
group who did not receive prophylaxis and one patient (0.85%) in the LMWH group developed a DVT, and no patients sustained a major
bleeding complication. No patient in either group suffered a symptomatic PE. Munoa,, et al. randomized 467 patients to either rivaroxaban
or bemiparin for VTE prophylaxis who underwent either a meniscectomy (363 patients), ACL reconstruction (60 patients), osteochondral
graft (16 patients), necrosis perforations (nine patients), or other (19 patients) [6]. No patient in either group developed a DVT or symp-

tomatic PE while they were taking their prophylaxis.

Similarly, Michot., et al. randomized 218 patients to receive LMWH or no VTE prophylaxis following arthroscopic knee surgery and
found one patient (1.5%) in the low-molecular weight heparin group and 10 patients (15.6%) in the control group had a VTE [27]. In-
terestingly, the one patient who experienced a DVT in the LMWH group experienced a symptomatic PE while no patient in the control
group experienced a symptomatic PE, and patients in the LMWH group had more minor bleeds than the controls group (12% vs. 6%).
While these studies showed low rates of VTE in the patients who were treated with some form of chemical VTE prophylaxis following
arthroscopic knee surgery, the clinical relevance of these finding are called into question given the traditionally low reported incidence

of VTE after arthroscopic knee surgery.

Recent studies are starting to challenge the traditional thought that VTE incidence is low after knee arthroscopy and the emerging
data are suggesting that even if the VTE is present it may just be silent and located in the distal calf veins thus rendering the patient as-
ymptomatic [29,30]. The clinical relevance of silent DVT’s after knee arthroscopy is unclear and more studies are needed to explore this
area. Sun,, et al. in their review of 537 consecutive patients who underwent a variety of knee arthroscopy procedures and had no VTE
prophylaxis, found that the overall incidence of VTE diagnosed with routinely applied venography after arthroscopic knee surgery was
14.9%, of which only 3.7% of cases were symptomatic. Therefore, a majority (11.2%) of the cases of VTE after knee arthroscopy were
silent VTE’s [29]. Furthermore, 45% (36/80) of the total VTE’s found in the study were in patients who had undergone ACL reconstruc-

tion and 15.6% of patients who had ACL reconstructions were found to have a DVT. Similarly, Struijk-Mulder., et al. showed that incidence
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of VTE, diagnosed with complete compression ultrasonography, after arthroscopic ACL reconstruction was relatively high and found that
there was a 9% incidence of asymptomatic proximal or distal DVT, with only 4% of the patients having symptomatic DVT [30]. Despite
the fact that patients were routinely screened in the above studies, it is not necessary to screen all patients for VTE with imaging studies

after ACL reconstruction.

Furthermore, the relevance of silent DVTs and the role of post-operative chemical or mechanical prophylaxis is not clear from the avail-
able literature. However, these high rates of asymptomatic DVTs warrant further investigation into the potential use of DVT prophylaxis
and the decision-making could possibly be based on individual patient risk factors, but more research will be needed. While DVT is a
known complication of total joint arthroplasty and routine prophylaxis against VTE with coumadin, LMWH, aspirin, in these patients is
undertaken, the rate of symptomatic PE in these patients is relatively low, [31] similar to the previously mentioned ACL reconstruction

studies. Hence, there is more work to be done on cost/benefit analysis of VTE prophylaxis as it relates to ACL reconstruction.

The increased risk of both minor and major adverse reactions with the use of chemical prophylaxis has to be closely weighed against
the potential benefits of its use after arthroscopic ACL reconstruction. The rates of minor bleeding events were often higher in the groups
of patients treated with chemical prophylaxis and although the risk is generally thought to be low there is also the potential for a major
bleed. Postoperative hemarthrosis places a patient at risk for infection and stiffness. Henceforth, there does not seem to be a consensus in
the literature as to whether or not patients undergoing arthroscopic knee surgery, and specifically ACL reconstruction, would see a clini-

cally relevant benefit to receiving VTE prophylaxis in the post-operative setting.

The single study included in this review, Marlovits., et al. found an increased rate of DVT in patients who did not receive prophylaxis
post-operatively (41.2% vs. 2.8%), although the clinical significance of this difference in unknown [22]. The reported rate of DVT in this
study was higher than other studies in the literature. It is likely that these rates were higher because Marlovits., et al. performed an MRV
(sensitivity of 100% and specificity of 96% in detecting a DVT) in all patients, regardless of clinical symptoms, to diagnose DVT while
other studies used ultrasonography, and often only when symptoms of DVT (pain, swelling) arose [6,22,26,27]. Marlovits., et al. also used
indirect signs of DVT rather than direct signs, which may have falsely elevated the number of DVT [22]. While a distal DVT can cause pain,
swelling, and some moderate dysfunction, the overall morbidity is low if the clot does not propagate to a more proximal region of the
leg leading to persistent pain and swelling, or embolize to the lung resulting in a symptomatic PE. When below the knee, clots will often
undergo endogenous fibrinolysis and dissolve before ever becoming symptomatic; therefore, these clots be clinically insignificant, and
may never have been picked up without routine screening. Interestingly, in the Marlovits., et al. study only 10% of the MRV positive DVT
were confirmed by contrast venography, leading to potential over diagnosis of DVT [22]. To positively verify a DVT by MRV, international
standards require a constant intraluminal filling defect to be demonstrated on at least two images within different projections [22]. Using
these criteria, only direct signs of DVT can be accepted as a verification of DVT, unlike the indirect signs used in the Marlovits study [22].
Furthermore, detection of silent DVT by MRV screening of the lower limbs after knee surgery has not been validated by MRV, a highly
relevant point in asymptomatic patients.

Finally, the majority of patients in all of the studies mentioned developed a distal DVT, which may or may not be clinically significant.
The lack of studies and eligible patients to include in our analysis highlights the need for further studies looking at the clinical significance
and morbidity (inability to participate in rehabilitation secondary to pain, higher likelihood of developing arthrofibrosis, etc.) of develop-
ing a DVT in the post-operative setting after an ACL reconstruction. Given the increasing number of ACL reconstructions performed an-
nually, large, double blind, randomized clinical trials, similar to those found in the joint replacement literature, studying the efficacy and

safety of DVT prophylaxis in comparison with placebo and using clinical endpoints are essential to improve patient outcomes [5,33,34].

Limitations

The strength of this study is our use of PRISMA guidelines and the inclusion of only level 1 evidence as this was the only study which
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met inclusion criteria. Unfortunately, there was only one study that met our inclusion/exclusion criteria, which greatly limits the conclu-
sions that we are able to draw. As this study was a review of the literature, it is subject to the limitations of the included study, although
these were minimal as the included study was a level I double blind randomized control trial. The current study is limited by lack of evi-
dence surrounding the subject of VTE prophylaxis following ACL reconstruction. The lack of available literature prevents the formulation
of any definitive recommendations about the use of VTE prophylaxis after ACL reconstruction and highlights the need for more research

in this area. These finding illustrate the need for further study in this area.

Conclusion

There is a significant deficit in the literature regarding use of anticoagulation for VTE prophylaxis after ACL reconstruction. Enoxapa-

rin reduces rates of DVT compared to placebo, but does not reduce the rate of symptomatic PE.
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