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ABSTRACT

Purpose

To establish the incidence of venous thromboembolic complications as detected by 
bilateral complete compression ultrasonography (CCUS) after arthroscopic anterior 
cruciate ligament (ACL) reconstruction without thromboprophylaxis.

Methods

We performed a prospective cohort study to establish the incidence of venous throm-
boembolic complications after arthroscopic ACL reconstruction, as detected by bilateral 
CCUS at 14 days (range 11 to 17 days) postoperatively. One hundred consecutive pa-
tients underwent bilateral extended ultrasonography.

Results

One hundred predominantly European patients with a mean age of 30 ± 10 years and 
mean body mass index of 25 ± 4 underwent ACL reconstruction with a mean opera-
tive duration of 68 ± 23 minutes and a tourniquet time of 76 ± 23 minutes. In 84% of 
patients an autologous hamstring graft was used, in 14% a bone-patellar tendon-bone 
graft was used, and 2 patients received an allograft. Of 100 patients, 9 (incidence 9%; 
95% confidence interval 4.2-16.4) showed asymptomatic proximal or distal deep vein 
thrombosis on CCUS, of whom 4 (incidence 4%; 95% confidence interval 1.1-9.9) were 
symptomatic. A nonfatal pulmonary embolus developed in 1 patient during the 8-week 
follow-up period.

Conclusions

This study shows that the incidence of venous thromboembolism after arthroscopic ACL 
reconstruction is relatively high: a 9% incidence of asymptomatic proximal or distal deep 
vein thrombosis was found, whereas 4% of patients were symptomatic. Further research 
is recommended to assess the need for thromboprophylaxis in patients undergoing ACL 
reconstruction, especially when risk factors are present.
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InTRODuCTIOn

Without prophylaxis, the risk of venographically detected deep vein thrombosis (DVT) 
ranges from 40% to 70% after major orthopaedic procedures, such as total hip and knee 
arthroplasty. Therefore, after joint replacement, it is standard practice to use pharmaco-
logic thromboprophylaxis.1-3 After routine arthroscopy without ligament reconstruction, 
the risk of symptomatic venous thromboembolism (VTE) appears to be rather low (1.5% 
to 2%).1,4 The risk of asymptomatic DVT ranges from 5% to 18% depending on the screen-
ing method and population studied.4-8 Generally, thromboprophylaxis is not advised for 
routine arthroscopy in the absence of additional risk factors,1,4 such as tourniquet time 
greater than 1 hour, history of VTE, age greater than 65 years, obesity, smoking, female 
hormone intake, and venous insufficiency.7,8

Arthroscopically assisted arthroscopic anterior cruciate ligament (ACL) reconstruction 
is considered less traumatic to an extremity than joint arthroplasty but more traumatic 
than uncomplicated arthroscopic procedures such as meniscectomy, in which no os-
seous drilling is required. There is a possibility that the incidence of thromboembolic 
events may actually be increased after knee ligament surgery versus routine arthroscopy. 
Moreover, ACL reconstruction can be associated with hemarthrosis and postoperative 
leg swelling and, therefore, may complicate the accurate clinical diagnosis of DVT. Cur-
rently, there are few studies regarding the incidence of asymptomatic DVT after ACL 
reconstruction without thromboprophylaxis.8-11 The incidence ranges from 0% to 33% 
depending on the screening method. The symptomatic 90-day pulmonary embolus (PE) 
rate in population-based studies ranges from 0.028% to 0.18%.12-14

There is no consensus regarding the need for perioperative thromboprophylaxis after 
ACL reconstruction.1,4 The aim of our study was to establish the incidence of venous 
thromboembolic complications as detected by bilateral complete compression ultraso-
nography (CCUS) after arthroscopic ACL reconstruction without thromboprophylaxis. 
We hypothesized that the incidence of VTE after ACL reconstruction would be higher 
than the previously reported incidence of VTE after routine knee arthroscopy for men-
iscectomy.

METHODS

A consecutive cohort of patients aged 16 years or older who met our inclusion criteria 
and underwent arthroscopically assisted ACL reconstruction received bilateral CCUS 
approximately 14 days after the procedure (range, 11 to 17 days). Clinical data including 
date of birth, sex, race, weight, and height were recorded at entry. Patients meeting 
one of the following criteria were excluded from the study: inability or unwillingness 
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to give written informed consent, inability to be followed up, ongoing treatment with 
anticoagulant therapy (excluding aspirin), any other cause of immobility, and a history 
of DVT. Exclusion criteria were limited, to keep selection bias to a minimum.
We used a single-incision, arthroscopically assisted surgical technique, using autolo-
gous hamstring tendon, bone-patellar tendon-bone, or allograft and a tourniquet. Con-
comitant treatments (such as meniscectomy), operative time, and tourniquet time were 
recorded. An intra-articular drain was inserted and was removed on the first postopera-
tive day. No brace or knee immobilizer was used postoperatively. Patients started full 
weight bearing and physiotherapy including active motion exercises and thigh muscle 
strengthening on the first postoperative day. Patients were encouraged to move as 
much as tolerated. No limitations were placed on motion or ambulatory status, regard-
less of concomitant procedures. A pain protocol with acetaminophen was followed, and 
patients were allowed to use nonsteroidal anti-inflammatory drugs according to their 
need. Physiotherapy was continued for 6 months. Patients were admitted to the hospital 
for 1 or 2 days. No thromboprophylaxis was given, either during the hospital stay or after 
discharge. Compression stockings were not used.
Two follow-up contacts were scheduled, when CCUS was performed and after 8 weeks 
in the outpatient clinic. Patients were asked whether they had had any clinical signs or 
symptoms of VTE after the operation. The clinical signs documented were pain, tender-
ness, swelling or redness of the legs, dyspnea, chest pain, and hemoptysis. In addition, 
patients were instructed to contact the hospital if one of these signs or symptoms oc-
curred before a follow-up contact. 
Three ultrasonography technicians performed CCUS of the leg veins. All of them received 
a supervised period of training before participating as sonographers in this study. The 
ultrasonography device used was a 3- to 9-MHz sonographic scanner (Philips IU22, 
L9-3 linear array probe; Philips Medical Systems, Best, the Netherlands). A standardized 
protocol for CCUS was applied,15 requiring an examination time of approximately 40 
minutes for both legs.
The criterion for the diagnosis of DVT was the inability to compress the veins with the 
ultrasonography transducer. Ultrasonography findings were recorded as normal (nega-
tive), abnormal (positive), or inadequate for interpretation if a complete vein or segment 
of a vein could not be visualized. A venous thrombus was classified as proximal throm-
bosis (with or without concomitant calf vein thrombosis), isolated calf vein thrombosis, 
or muscle vein thrombosis. The proximal venous system was defined as the deep veins 
in the pelvis, the thigh, and the popliteal region cephalad to the trifurcation of the calf 
veins.
The primary outcome measure of the study was the combined incidence of symp-
tomatic and asymptomatic venous thromboembolic complications and death after 
arthroscopically assisted ACL reconstruction of the knee during the 2-week follow-up 
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period (as diagnosed by a single postoperative compression ultrasonography scan 
[CCUS]). The secondary outcome measure was the incidence of symptomatic venous 
thromboembolic complications and death after arthroscopy of the knee during the 8 
weeks of follow-up. The primary safety outcome measure was the cumulative incidence 
of major bleeding events and clinically relevant non-major bleeding events. A major 
bleeding event was defined as a clinically overt hemorrhage associated with a decrease 
in hemoglobin level requiring transfusion, a bleeding event requiring reintervention, or 
a hemarthrosis with joint drainage of more than 250 mL. A clinically relevant non-major 
bleeding event was defined as a hemarthrosis with joint drainage of 100 to 250 mL that 
did not require reintervention. 
This is an observational cohort study, but because ultrasonography was performed, 
informed consent was requested and the study was approved by the local ethics com-
mittee.

Statistical Analysis

Because the expected incidence of DVT after ACL reconstruction was unknown, we 
calculated the sample size, presuming an incidence of 10%. With a sample size of 100 
patients, a sufficiently narrow confidence interval (CI) was reached. The analysis was 
an intention-to-treat analysis. Incidences are presented as a proportion of the studied 
population. We calculated 95% CIs using CIA software (BMJ Books, London, England) 
using the exact method. Continuous variables were compared by use of the Student t 
test or, in the case of an abnormal distribution, the Mann-Whitney U test. Categorical 
data were compared with cross tabulation (χ2 and Fisher exact test).

RESuLTS

During the study period, 120 consecutive patients were scheduled for arthroscopic ACL 
reconstruction. A total of 18 patients met one or more of the exclusion criteria: age under 
16 years (1 patient), use of anticoagulant therapy (1 patient), another cause of immobili-
zation (2 patients), inability to provide informed consent (8 patients), and inability to be 
followed up (6 patients). Thus, 102 patients were included and gave their consent. The 
mean duration of hospital stay was 1.1 days (range, 1 to 5 days). One additional patient 
was excluded because of a conversion perioperatively to another procedure. The other 
patient did not present for the ultrasonography investigation. Ultimately, 100 patients 
were included for the analysis of the primary outcome. Three patients inadvertently 
received 1 dose of low molecular weight heparin (LMWH) the evening after surgery, but 
they were included in the present intention-to-treat analysis. The baseline characteris-
tics of the 100 patients who completed the ultrasonography studies are listed in Table 1.
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Table 1.  Baseline demographic and operation characteristics

All Patients 
(n=100)

Patients without 
VTE (n=91)

Patients with 
VTE (n=9)

Age in yrs, mean ± SD 30 ± 10 30 ± 10 38 ± 12*

BMI, mean ± SD 25 ± 4 25 ± 4 26 ± 4

Gender, n (%) Male 77 72 (79) 5   (56)

Female 23 19 (21) 4   (44)

Ethnicity, n (%) European 96 87 (96) 9 (100)

African 2 2   (2) -

Mixed 2 2   (2) -

Side, n (%) Left 46 41 (45) 5   (56)

Right 54 50 (55) 4   (44)

Medication, n (%) Aspirin 1 - 1   (11)

Dipyridamol 1 1   (1) -

NSAID 7 7   (8) -

Other # 5 5   (6) -

Malignancy - - -

Contraceptives, n (%) Current use 10 8   (9) 2   (22)

Previous use 12 11 (12) 1   (11)

HRT, n (%) Current use - - -

Previous use 1 1   (1) -

Family history of VTE, n (%) 14 14 (15) -

Varicosis, n (%) 3 3   (3) -

Thrombophilic factors - - -

Anesthesia, n (%) Loco regional 62 56 (62) 6   (67)

General 38 35 (38) 3   (33)

Type of graft, n (%) AHG 84 77 (85) 7   (78)

ABPTB 14 12 (13) 2   (22)

Allograft 2 2   (2) -

Concomitant procedures, n (%) None 47 42 (46) 5   (56)

Meniscectomy 
(partial)

32 30 (33) 2   (22)

Debridement 11 11 (12) -

Other ## 10 8   (9) 2   (22)

Duration in min, Mean ± SD Arthroscopy 68 ± 22 68 ± 22 64 ± 20

Tourniquet 76 ± 23 76 ± 23 71 ± 20

ABPTB, autologous bone patellar tendon-bone graft; AHG, autologous hamstring graft; BMI, body mass index; HRT, 
hormone replacement therapy; NSAIDs, nonsteroidal anti-inflammatory drugs.
*P =  0.02.
# Other medication included a b-blocking agent (1), methylphenidate (1), inhalation therapy (1), psychopharmaceutical 
agent (1), and antihistamine (1) in patients without VTE.
## Other concomitant procedures included microfracture (2) and unspecified procedures (6) in patients without VTE and 
microfracture (1) and meniscal repair (1) in patients with VTE.
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All ultrasonography scans were evaluated as adequate. In 9 patients (incidence, 9%; 95% 
CI, 4.2 to 16.4), the CCUS was positive for VTE. Four of these patients were symptomatic 
(incidence, 4%; 95% CI, 1.1 to 9.9). Symptoms consisted of a painful, swollen lower leg in 
all 4 patients. The detailed results are shown in Table 2.
All 5 asymptomatic patients, who had a positive CCUS examination at the 2-week 
follow-up visit, had a repeat follow-up CCUS after 1 week. According to our hospital 
protocol (and American guidelines), asymptomatic patients were not treated with anti-
coagulants, but a repeat CCUS was performed after 1 week. Because all clots were stable 
after 1 week, no treatment was given. A symptomatic nonfatal pulmonary embolism 
developed in 1 of these asymptomatic patients 3 weeks postoperatively. Diagnosis was 
confirmed with a spiral computed tomography scan, and the patient was subsequently 
treated. The 4 symptomatic patients were treated with anticoagulants. Nadroparin, 5700 
IU, was administered subcutaneously twice daily for at least 5 days, until an adequate 
international normalized ratio of 2.5 to 3.5 was reached with vitamin K antagonists. The 
patient characteristics and operation details are listed in Table 1. The patient characteris-
tics were similar for the patients in whom VTE developed and the patients in whom VTE 
did not develop, except for the significantly higher age of the VTE patient group.
Regarding the primary safety outcome, no major bleeding events occurred. The patients 
did not require transfusions, and no bleeding events requiring reintervention were 
observed. Four clinically relevant non-major bleeding events with a hemarthrosis of 
100 to 250 mL were found. None of these patients were in the group of 3 patients who 
inadvertently received 1 dose of LMWH or in the VTE group. There were no bleeding 
episodes associated with therapy for symptomatic DVT during the study period. Post-
thrombotic syndrome was not observed in our patient group.

Table 2. Results of extended duplex ultrasonography 2 weeks after arthroscopy, and cumulative results 
after 8 weeks of follow-up.

2 weeks 8 weeks

Total number of thrombo-embolic events 9 9

Death - -

Symptomatic PE (nonfatal) - 1

Symptomatic proximal DVT 2 2

Symptomatic distal DVT 2 2

Asymptomatic distal DVT 5 5

Safety end point Major bleeding event - -

Clinically relevant non major bleeding event 4 4

PE = pulmonary embolus
DVT = deep venous thrombosis
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DISCuSSIOn

Incidence of VTE

This study shows a slightly higher incidence of symptomatic and asymptomatic DVT 
(9%) detected by CCUS after arthroscopic ACL reconstruction without thromboprophy-
laxis as compared with routine arthroscopy with or without meniscectomy, where this 
has been reported to be approximately 7.5% to 7.7%.4,6

Four other studies reported on the incidence of thrombosis after ACL reconstruction 
without the use of pharmacologic prophylaxis. One previous study in young men with 
no history of thrombosis was conducted. The authors reported a low incidence (1 of 67 
patients) of proximal vein thrombosis on screening ultrasonography 3 and 10 days after 
reconstruction.9 Patients were only screened for proximal DVT, however. Another study 
reported an incidence of asymptomatic DVT of 1.78% (2 of 112 patients) as detected 
by ultrasonography up to 4 weeks postoperatively.10 A mainly Asian study population 
might account for the much lower rate of VTE in this study.16 A third study showed that 
DVT did not develop after ACL reconstruction in any of the 23 patients.11 The authors 
did not report whether thromboprophylaxis was used. The final study included only 
12 patients with ACL reconstructions, a subgroup of 184 knee arthroscopy patients. 
Asymptomatic DVT developed in 4 patients (33%).7 The study included a high-risk, 
relatively old population, used venography as a screening method and included only a 
very small number of patients.
The symptomatic 90-day PE rate in population-based studies ranges from 0.028% to 
0.18%.12-14 A recent English readmission study after 13,941 ACL reconstructions showed 
a 90-day symptomatic DVT rate of 0.3% and PE rate of 0.18%.13 The same research group 
also reported on 16,552 patients who underwent arthroscopically assisted ligament re-
construction.17 The 90-day DVT and PE incidence rates were comparable: 0.2% and 0.1%, 
respectively. The low rate can in part be explained by the fact that only symptomatic, 
readmitted patients were included (excluding outpatients and deaths). In addition, no 
data were collected on type and duration of thromboprophylaxis. We saw 1 symptomatic 
episode of pulmonary embolism in a patient with an asymptomatic calf vein thrombosis 
at 2 weeks’ follow-up.

Risk Factors

In our study only older age could be identified as a risk factor for the development of 
DVT after ACL reconstruction. The reported risk factors for the incidence of VTE after ar-
throscopic procedures of the knee are variable and not consistent. Nevertheless, several 
risk factor have been reported, including tourniquet time greater than 1 hour, history of 
VTE, age greater than 65 years, obesity, smoking, female hormone intake, and venous 
insufficiency.2,8 Although data on the effects of tourniquet use in the development of 
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DVT are conflicting, injury to the venous endothelium in combination with tourniquet-
induced stasis may result in clot formation.18,19

Thromboprophylaxis After ACL Surgery

Only 1 study, specifically designed for ACL surgery, randomized patients who under-
went ACL reconstruction to extended prophylaxis (20 days) with LMWH or in-hospital 
prophylaxis (3 to 7 days) with LMWH followed by placebo.20 The authors found a signifi-
cant reduction in the incidence of total DVT from 28 of 68 patients to 2 of 72 patients 
and femoral DVT from 6 of 68 patients to 1 of 72 patients. This study had a number of 
methodologic shortcomings. It also had an unusually long operating time (median, > 
2 hours) and duration of hospital admission (3 to 7 days). The investigators chose mag-
netic resonance imaging to detect VTE, which is less reliable in detecting asymptomatic 
calf vein thrombosis.21

One review including 4 trials (527 patients), comparing any type of LMWH with placebo 
after knee arthroscopy,4 found the relative risk of VTE to be 0.16 (95% CI, 0.05 to 0.52) 
when LMWH was used. All DVTs were distal. Adverse events (mostly minor bleeding) 
were more common in the intervention group (relative risk, 2.04; 95% CI, 1.21 to 3.44). 
The number needed to treat was 17; the number needed to harm was 20. The authors 
stated that only 2 studies were of adequate methodologic quality, although they had 
small sample sizes and were poorly defined or stratified regarding their arthroscopic 
intervention. No strong evidence was found to conclude that thromboprophylaxis is 
effective to prevent thrombotic events and is safe.
Another large randomized controlled trial (1761 patients) compared graduated com-
pression stockings with either 1 or 2 weeks of LMWH after knee arthroscopy (duration < 
60 minutes).22 A large number of ACL reconstructions (598) were performed. The study 
found a significant reduction in symptomatic PE and symptomatic and asymptomatic 
(mostly distal) DVT with the use of 1 week of LMWH after knee arthroscopy, detected 
by ultrasonography (4.7% vs 1.8%). This risk was somewhat counterbalanced by the 
increased frequency of mostly minor bleeding events. Whereas meniscectomy was 
an independent risk factor for the development of DVT, ACL reconstruction was not. 
Because meniscectomy and ACL reconstruction both represented roughly half of the 
study population, this suggests that the rate of DVT in the ACL group was even lower, 
although the exact rate of DVT in the ACL reconstruction group was not reported. This is 
surprising because ACL reconstruction is considered a much more extensive procedure 
than simple arthroscopic meniscectomy, involving at least 1 extra incision for the prepa-
ration of autologous tendon graft and both tibial and femoral bone drilling for tendon 
graft fixation. Furthermore, ACL reconstruction generally has a longer operative time 
and is, at least in our study, often accompanied by meniscectomy. Besides LMWH and 
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graduated compression stockings, there are no studies on thromboprophylaxis either 
with other agents or with mechanical prophylaxis.

Post-Thrombotic Syndrome

Preventing PE is the main reason for which preventing DVT after ACL reconstruction is 
needed because PE can be fatal in 20% to 50% of cases, depending on the population. 
The post-thrombotic syndrome is another potentially disabling sequela of thrombosis 
worth mentioning because it is often underreported. The post-thrombotic syndrome 
comprises a spectrum of morbidities, ranging from fatigued legs and painful swelling to 
ulcers. Asymptomatic postoperative DVT may be associated with an increased risk of late 
development of the post-thrombotic syndrome.23 Haas24 reported the post-thrombotic 
syndrome in 24% of lower extremities with asymptomatic DVT after major orthopaedic 
surgery within 2 to 4 years. This syndrome was not observed in our patient group.

Limitations

One potential limitation of our study is the relatively small number of patients studied. 
This is presumably the reason that we could not identify a specific high-risk group other 
than older age for the development of VTE in our population. In addition, our risk fac-
tor analysis is limited. Second, we chose ultrasonography over contrast venography to 
assess the incidence of DVT, potentially underestimating the actual incidence. Contrast 
venography is a more sensitive method for detecting DVT and is considered the golden 
standard.1,25,26 Venography is invasive, however. Up to 20% of venograms are considered 
inadequate for evaluation,27 a considerable degree of intraobserver and interobserver 
variation is present,27 and the clinical relevance of small thrombi is uncertain.28 Therefore 
the use of venography as a screening test in unselected patients is undesirable. Ultraso-
nography is noninvasive and repeatable. The accuracy of ultrasonography is somewhat 
reduced for the calf veins, however, and it is operator dependent.27 Sensitivity and 
specificity for the detection of symptomatic DVT with ultrasonography are equivalent 
to venography.21 However, combined data from 11 Level I studies investigating the 
utility of various ultrasonography techniques for the diagnosis of asymptomatic DVT 
in orthopaedic patients showed a sensitivity of 62% for proximal DVTs and 48% for 
below-knee DVTs. Reduced sensitivity can be explained by the fact that asymptomatic 
thrombi are more likely to be fresh, smaller, and nonocclusive than their symptomatic 
counterparts.29-31

The presence of preoperative asymptomatic thrombi was not determined in this study. 
However, a very low risk in this young, mobile, and otherwise healthy patient group 
without a history of VTE must be assumed.
Furthermore, we excluded patients with a history of VTE, potentially causing a further 
underestimation of the risk of VTE. 
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Finally, results from prospective cohort studies have shown that most asymptomatic 
thrombi in patients undergoing hip or knee replacement remain clinically silent. These 
results raise questions about the clinical relevance of asymptomatic DVT detected by 
ultrasonography. There is, however, a relation between asymptomatic DVT and symp-
tomatic VTE.32,33 It remains unclear what percentage of asymptomatic lower leg thrombi 
propagate proximally, from where they might become a cause of pulmonary embolism. 
In symptomatic calf vein clots, 20% propagate proximally28 and asymptomatic proximal 
DVTs have shown a risk of symptomatic PE in 40% of cases.34 Both phenomena (VTE/
DVT) are symptoms of the same disease process of hypercoagulability, a condition that 
we believe should be prevented.

COnCLuSIOnS

This study shows that the incidence of VTE after arthroscopic ACL reconstruction is rela-
tively high; a 9% incidence of asymptomatic proximal or distal DVT was found, whereas 
4% of patients were symptomatic. Further research is recommended to assess the need 
for thromboprophylaxis in patients undergoing ACL reconstruction, especially when risk 
factors are present.
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