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ABSTRACT

Introduction: Anterior cruciate ligament (ACL) reconstructive surgery is one of the most common
ligament-related surgeries performed in France. The French Society of Anesthesia & Intensive Care
Medicine (SFAR) recommends the systematic use of low-molecular weight heparin postoperatively to
prevent venous thromboembolisms (VTE). However, these recommendations differ from one country
to another; several national societies do not recommend them. To specify the benefits of such a treat-
ment, we did a retrospective case-control study to evaluate the incidence of symptomatic VTE after ACL
reconstruction.
Hypothesis We hypothesized that the rate of symptomatic VTE would be the same, whether a course of
postoperative anticoagulants is prescribed or not.
Methods: This was a retrospective, multicenter, multi-surgeon study. Of the four participating surgeons,
two never prescribed thromboprophylaxis after surgery while the other two always prescribed a 10-
day course of low-molecular weight heparin. All patients who underwent primary ACL reconstruction
using an autologous graft between the 1st of January 2019 and the 15th of February 2020 were included.
The 535 patients who had undergone ACL reconstruction were divided into two groups: (Group 1) 279
patients in the group without anticoagulants; 96% received a four-strand semi-tendinosus graft (ST4)
and 4% received a quadriceps tendon (QT) graft; the mean age of these patients was 30 years (14-58);
41% of them were women and 22% of them were smokers; the mean body mass index was 24.4 (18-37);
the mean tourniquet time was 37 minutes. (Group 2) 256 patients in the group with anticoagulants; 81%
received a semi-tendinosus/gracilis graft, 15% received a ST4 and 4% a QT; the mean age of these patients
was 29 years (14-60); 38% of them were women and 21% of them were smokers; the mean body mass
index was 25.0 (18-38); the mean tourniquet time was 34 minutes. The two groups were comparable
in all respects except for the type of graft used. All patients were contacted at a minimum interval of
3 months after their surgery, by telephone. Doppler ultrasonography was done solely when a VTE was
suspected.
Results: In the group without anticoagulants, 249 of 279 patients were contacted, while in the group with
anticoagulants, 221 of 256 were contacted. The two groups were comparable in terms of age, gender ratio,
tourniquet time, body mass index and proportion of smokers. Two cases of deep vein thrombosis (all in the
calfregion) were found in each group with no associated pulmonary embolism. There was no difference
between groups in the VTE rate.
Discussion: Our hypothesis was confirmed since the incidence of symptomatic VTE was the same whether
postoperative anticoagulants were prescribed or not. The incidence of symptomatic VTE after ACL recon-
struction was identical whether thromboprophylaxis was used or not. This casts doubt on the need for
postoperative thromboprophylaxis, especially in younger patients who do not have risk factors, and
brings into question whether the recommendations in France should be changed.
Level of Evidence: 1lI (retrospective case-control study).
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1. Introduction

The number of anterior cruciate ligament (ACL) tears has
increased over the past 20 years. Reconstruction is recommended in
young patients and athletes. In 2006, the French National Authority
for Health (HAS) documented 35,500 ACL reconstructions proce-
dures with a 10% increase in 1 year [1].

Venous thromboembolism (VTE) is a rare but feared complica-
tion after ACLreconstruction surgery. Studies analyzing registers of
symptomatic VTE after ACL surgery report an incidence of 0.16% to
0.53% [2-5] while studies analyzing the incidence of asymptomatic
VTE report a rate between 9% and 14% [6-10].

Thromboprophylaxis is the current practice in France after this
surgery. In 2005, the French Society of Anesthesia & Intensive
Care Medicine (SFAR), which has published a good practice guide
in this area [11], did not recommend the systematic use of low-
molecular weight heparin (LMWH) given the low risk of VTE after
ACL surgery. Instead, it recommended preventative anticoagulant
treatment only if one or more risk factors for VTE were present.
But when these guidelines were updated in 2011, this surgery was
considered moderate risk, thus it was recommended that LMWH be
prescribed to every patient after ACL reconstruction surgery [12].
The incidence of VTE varies amongst studies, along with alterna-
tive conclusions about the use of thromboprophylaxis. The same
goes for national-level recommendations in other countries [13].
Moreover, postoperative drugs used to prevent clots have a non-
negligeable cost and may be associated with specific complications,
such as hematomas, heparin-induced thrombocytopenia, bleeding,
etc.

Given the lack of scientific proof about the benefits of using post-
operative anti-thrombotic or anticoagulant drugs on the incidence
of symptomatic VTE, we aimed to determine the VTE rate in a pop-
ulation of patients who did not receive thromboprophylaxis after
ACLreconstruction and compare it to a control group who received
preventative anticoagulants. To specify the benefits of such a treat-
ment, we did a retrospective case-control study to evaluate the
incidence of symptomatic VTE after ACL reconstruction with a min-
imum 3 months’ follow-up. We hypothesized that the incidence of
symptomatic VTE was the same in both groups.

2. Patients and methods
2.1. Study design

This was a longitudinal, retrospective, multi-surgeon and mul-
ticenter study done in France (Clinique des Cédres, Cornebarrieu;
Clinique Médipble, Cabestany; Clinique Aguiléra, Biarritz). All
patients who underwent primary ACL reconstruction between the
1st of January 2019 and the 15th of February 2020 by one of four
surgeons were included and contacted by telephone at a minimum
of 3 months post-surgery. The group without anticoagulants was
compared to the group with anticoagulants, which was the control
group. The anticoagulant prescribed was enoxaparin (Lovenox™,
Sanofi-Aventis, Paris, France) as one injection of 4000IU daily for
10days.

2.2. Surgical techniques and postoperative care

The operations were done under general anesthesia combined
with a nerve block of the adductor canal with a tourniquet inflated
to between 250 and 300 mmHg. Three different surgical tech-
niques were used, depending on the surgeon. The grafts used
were either the gracilis plus semi-tendinosus (STG), four-strand
semi-tendinosus (ST4) or quadriceps tendon with bone block
(QT). All patients were provided with immediate postoperative
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cryo-compression therapy [14] and were operated in the context
of an outpatient procedure. Weight-bearing was allowed imme-
diately postoperatively using crutches until the ability to lock the
knee had been regained.

2.3. Assessment methods

The following patient demographics were collected: age, sex,
body mass index (BMI) and smoking status. The patients who were
on anticoagulants before the operation or had a history of VTE were
excluded from the study. The patients who could not be contacted
by telephone were considered as lost to follow-up.

The patients were either contacted by telephone or queried dur-
ing the 6-month postoperative visit. Three standardized questions
were asked:

e Did you undergo a Doppler ultrasonography to look for a deep
vein thrombosis (DVT) during the 3 months following your oper-
ation?

e Did you have a DVT or pulmonary embolism (which could migrate
as a blood clot in a vein) during the 3 months following your knee
operation?

¢ [f yes, did you have to take anticoagulants, which ones, and for
how long?

2.4. Statistical analysis

Qualitative variables were compared between groups with a
Fisher exact test, given the expected values based on an indepen-
dence hypothesis. Quantitative variables were compared between
groups using Student’s ¢ test if the data were normally distributed
and the variances were homogeneous. If the variances were not
equal between groups, we used Student’s t test for unequal vari-
ances. If the distribution was not normal, a Wilcoxon test was used
instead. A p value of less than 0.05 was considered as statistically
significant.

3. Results

The two groups were comparable in all respects except for the
type of graft used (Table 1). During the inclusion period in the
group without anticoagulants, 279 patients underwent primary
ACL reconstruction and 2 patients were excluded because of a
history of DVT (they were prescribed thromboprophylaxis post-
operatively). Twenty-eight patients could not be contacted again
and were considered lost to follow-up (10%). In all, 249 patients
completed the questionnaire: 221 by telephone and 28 during an
in-person follow-up visit. Five patients (including two VTE) under-
went an ultrasonography because of a suspected DVT.

In the group with anticoagulants, 256 patients underwent
primary ACL reconstruction. None were excluded. Twenty-five
patients could not be contacted again and were considered lost
to follow-up (14%). In all, 221 patients completed the question-
naire: 179 by telephone and 42 during an in-person follow-up visit.
Eight patients (including two VTE) underwent an ultrasonography
because of a suspected DVT.

In each group, 2 DVTs occurred in the calf area that required
curative anticoagulant treatment (Fig. 1). There was no statistically
significant difference between groups.

4. Discussion

The main finding of this study is that the rate of symptomatic
VTE was comparable between the two groups, thus confirming
our hypothesis. Of the four patients who suffered a DVT, the only
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Table 1
Comparison of groups.
Control group with anticoagulants Study group without anticoagulants p
(N=221) (N=249)
Mean age 29.35 (14-60) 29.96 (14-58) NS
Sex 85 women (38.5%) 102 women (41%) NS
Smoker 51 (21.3%) 56 (22.5%) NS
Body mass index 24.96 (17.7- 38.3) 24.36 (18-37.2) NS
Tourniquet time (minutes) 34.5(22-90) 37 (23-95) NS
Number of DVTs 2 (0.9%) 2 (0.8%) NS
STG 179 0 <0.05
ST4 34 240 <0.05
QT 8 9 NS

NS: not significant, STG: semitendinosus plus gracilis, ST4: four-strand semitendinosus, QT: quadriceps tendon.

‘ Inclusion period: 1 January 2019 to 15 February 2020 ‘

/\

Control group with anticoagulants
N= 256

0 excluded due to
history of DVT

35 lost to follow-up

v
Patients contacted again
N =221
8 US examinations done

219 no DVT

2 DVTs

Study group without anticoagulants
N =279

2 excluded due
to history of DVT

——— 28lost to follow-up

b
Patients contacted again
N =249
5 US examinations done

247 no DVT

2 DVTs

Fig. 1. Study design (US: ultrasound imaging).

common factor was that their body mass index was above 26
(Tables 2 and 3).

Articles reporting the rate of symptomatic VTE demonstrate
similar findings. Schmitz et al. [5] looked at the Swedish registry
over a 7-year period and identified 26,014 ACL reconstruction pro-
cedures. Of these, 9425 had thromboprophylaxis (LMWH or newer
direct oral anticoagulants). They found an 0.4% incidence of symp-
tomatic DVT overall with no difference between those who received
thromboprophylaxis and those who did not. Gaskill et al. [4] found
a rate of 0.5% for 16,558 procedures over a 6-year period (16,411
without anticoagulants and 147 with anticoagulants). Maletis et al.
[15] looked at 16,192 patients and found that 0.2% suffered a symp-
tomatic VTE, while Jameson et al. [2] reported an incidence of 0.4%
over a 2-year period based on 13,941 patients in the British registry.
The latter two studies did not specify whether thromboprophylaxis
was used or not.

Table 2
Information about patients who suffered a DVT in the control (with anticoagulants)
group.

Control group with anticoagulants

Patient 1 Patient 2
Age 15 years 45 years
Sex Female Male
Body mass index 26.4kg/m? 27.8 kg/m?
Smoker Yes No
Time after surgery 1 month 1 month
Graft used STG STG
Other data Arthroscopic lavage at

D10 for infected
hematoma (6 weeks
treatment with
ofloxacin +rifampicin)

STG: semitendinosus with gracilis.
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Table 3
Information about patients who suffered a DVT in the study (without anticoagulants)
group.

Study group without anticoagulants

Patient 1 Patient 2
Age 23 years 28 years
Sex Male Female
Body mass index 26.8 kg/m? 28.8 kg/m?
Smoker No Yes
Time after surgery 1 month 3 months
Graft used ST4 ST4
Other data Concurrent use of oral

contraceptives

Three registry studies with very large cohorts all found the same
statistically significant risk factor: patient age. The age threshold
was 35 years for Gaskill et al. [4], while it was 40 years for Schmitz
et al. [5] and Jameson et al. [2]. Oshiba et al. [16] found age above
30 years to be a risk factor in a retrospective study of 256 patients.
However, in the current study the two patients in the group without
anticoagulants who suffered a VTE were less than 30 years of age.

While registry studies with a large number of patients do not
support systematic use of thromboprophylaxis after ACL recon-
struction, several studies have proven that thromboprophylaxis
prevents VTE. A meta-analysis of randomized prospective stud-
ies (LMWH versus placebo or no treatment) with more than 4000
patients showed that taking LMWH reduced the risk of VTE by 77%,
without increasing the risk of bleeding-related complications [17].
In another prospective randomized study [18], one group of 72
patients received LMWH injections for 20 days while another group
of 68 patients received a placebo injection for 20 days; both groups
had received LMWH for 3-8 days after surgery. There were 28 VTE
in the placebo group versus only 2 VTE in the LMWH group (no pul-
monary embolism in either group). There were 13 minor bleeding
complications in the LMWH group and 10 in the placebo group (no
difference).

In a study by Batailler et al. [19] comparing two lateral tenode-
sis techniques, there were four hematomas and two DVTs in 82
patients, although the authors did not specify whether thrombo-
prophylaxis had been used. Jameson et al. [2] and Maletis et al.
[15] did not report the rate of major bleeding events in their reg-
istry studies looking at complications after ACL surgery. Panisset
et al. [20] reported that 6% of patients (22/592) suffered major
bleeding events, with 1 patient requiring surgical drainage. They
did not specify which type of post-surgical anticoagulant treat-
ment had been used. Lefévre et al. [21] found 32 hematomas in
1206 patients who received LMWH but did not specify the surgical
revision rate. Lastly, Rousseau et al. [22] did a prospective study of
958 patients specifically considering complications after primary
ACL reconstruction. There were 22 hematomas (3%), of which 13
(1.4%) required surgical revision. Once again, we do not know if
thromboprophylaxis had been prescribed postoperatively.

These contradictory results contribute to the uncertainty sur-
rounding this topic. In a study of the current practices of 142 US
surgeons, Keller et al. [23] found that approximately half did not
use any thromboprophylaxis while more than 95% of the other half
prescribed aspirin only, which is a far cry from our practices in
France. Also, the American College of Chest Physicians [24] does
not recommend using thromboprophylaxis for knee arthroscopy,
although they do not differentiate between simple arthroscopy pro-
cedures and arthroscopic ACL reconstruction. The SFAR does make a
distinction by recommending against thromboprophylaxis for sim-
ple arthroscopy procedures while recommending LMWH for ACL
reconstructive procedures (without specifying the length of treat-
ment). These disparities in the recommendations are a concern and
require a wider consensus.
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Since 2019, various scientific experts, including the SFAR, rec-
ommend that patients take aspirin after undergoing hip or knee
arthroplasty. Several studies in this context have shown that aspirin
is effective at preventing VTE, especially in the context of rapid
recovery protocols [25-31]. Thus, it would be prudent to determine
the benefits of using aspirin instead of LMWH after ACL surgery.

Our study has several limitations: first, it was retrospective and
most of the data was collected over the phone. However, given the
recent nature of the surgery and the young population, the risk of
recall bias is minimal. Second, we did not do routine ultrasonog-
raphy screening during the first months after surgery to look for a
DVT; however, like most current studies on this topic, we based our
analysis on symptomatic VTE events. Lastly, this study was done at
multiple hospitals with four different surgeons, thus the groups
were not comparable in the type of graft used for the ACL recon-
struction. However, there is currently no evidence that the type of
graft used impacts the risk of VTE.

5. Conclusion

The risk of symptomatic VTE after arthroscopic ACL reconstruc-
tion without thromboprophylaxis was similar to the risk when
preventative anticoagulation therapy was used. These findings may
prompt scientific societies to re-evaluate the recommendations on
thromboprophylaxis after ACL reconstruction in France.
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