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ABSTRACT

Background

Lower extremity amputation is often performed in patients with end-stage vascular 
disease and is considered a high-risk procedure. Uncertainty exists about the rate of 
venous thromboembolism (VTE) in these patients.

Objectives

To establish the incidence of death and venous thromboembolism after lower extremity 
amputation.

Methods

A prospective cohort study was performed to establish the incidences of death and 
VTE after lower extremity amputation, as detected by bilateral complete compression 
ultrasonography and ventilation-perfusion scintigraphy performed preoperatively and 
around day 14 postoperatively. Standard low-molecular-weight heparin thrombopro-
phylaxis was given during the study period. A secondary outcome was the incidences of 
mortality and symptomatic venous thromboembolic complications during 8 weeks of 
postoperative follow-up.

Results

Forty-nine patients (53 amputations) were ultimately included in the intention-to-treat 
analysis. Five patients died within the 2-week follow-up period and an additional seven 
patients died during the 8-weeks clinical follow-up period. The total mortality rate there-
fore was 12 out of 53 amputations [22.6%; 95% confidence interval (CI) 12.3–36.2%]. 
Six patients developed pulmonary embolism (of which two were fatal) and one patient 
developed an asymptomatic contralateral distal deep venous thrombosis, resulting in a 
total VTE rate of 7 out of 53 amputations (13.2%; 95% CI 5.47–25.3%).

Conclusion

Lower extremity amputation is accompanied by a high mortality rate from sepsis, and 
respiratory and vascular causes. This study shows that VTE substantially contributes to 
the morbidity and mortality after lower extremity amputation despite adequate phar-
macological thromboprophylaxis in this vulnerable population of patients.
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InTRODuCTIOn

The aim of this study was to investigate the incidence of all cause mortality, symptom-
atic and asymptomatic deep venous thrombosis (DVT) and pulmonary embolism (PE) in 
patients undergoing lower extremity amputation. These major amputations are mostly 
performed in (diabetic) patients with endstage vascular disease [1], with very high 
mortality rates, up to 53% in the first year following surgery [1–6]. Uncertainty exists, 
however, about the incidence of DVT in the amputated leg, causing subsequent pulmo-
nary embolism and death. Because most of these patients present with acute vascular 
occlusion prior to amputation, a state of hypercoaguability is very likely. Also, increased 
incidences of venous thrombosis prior to amputation have been reported (7.3–8.3%) 
[7,8]. 
In this study we prospectively determined deep venous thrombosis and pulmonary 
embolism both pre- and postoperatively by means of duplex-ultrasonography and 
ventilation-perfusion lung scintigraphy. All-cause mortality and VTE rates after major 
amputation were documented and thrombosis risk factors and the importance of phar-
macological thromboprophylaxis were assessed. This is the first study that identifies 
both pulmonary embolism (PE) and deep venous thrombosis (DVT) pre- and postopera-
tively in patients after low extremity amputation receiving adequate pharmacological 
thromboprophylaxis.

METHODS

The study was conducted between April 2007 and February 2009 in the Isala Clinics, 
Zwolle, the Netherlands. All consecutive patients older than 18 years of age, scheduled 
for lower extremity amputation, were considered eligible. The included patients were 
scheduled for bilateral complete compression ultrasonography (CCUS) and ventilation-
perfusion lung scintigraphy 1–3 days preoperatively and 11–17 days postoperatively. 
Patients meeting one of the following criteria were excluded from the study: VTE at entry, 
inability or unwillingness to give written informed consent, inability to be followed-up 
and ongoing treatment with anticoagulant therapy. When bilateral amputations were 
performed, a minimum of 3 months between amputations was required to be included 
in the study as a separate case. Two follow-up contacts were scheduled, at 2 weeks in the 
clinic and by telephone or visit at 8 weeks. Patients were asked if they had any clinical 
signs or symptoms of VTE following the operation. The clinical signs documented were 
pain, tenderness, swelling or redness of the leg or stump, dyspnoea, chest pain and 
hemoptysis. In addition, patients were instructed to contact the hospital if one of these 
signs or symptoms occurred prior to the follow-up contact. Demographic data were 
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recorded as well as patient history, risk factors for thromboembolism, concomitant 
medication, indication for amputation, the ASA classification and details concerning the 
operation. 
CCUS of the leg veins was performed by experienced ultrasonographists. All of them had 
received a supervised CCUS-specific training. The ultrasound devices used were a 5- or 
7.5-MHz linear-array sonographic scanner (Acuson 128XP; Acuson, Siemens, Mountain 
View, CA, USA). A standardized protocol for complete compression ultrasonography was 
applied [9]. The criterion for the diagnosis of DVT was the inability to compress the veins 
with the ultrasound transducer. Ultrasonographic findings were recorded as normal 
(negative), abnormal (positive), or inadequate for interpretation if a complete vein or 
segment of a vein could not be identified. The proximal venous system was defined as 
the deep veins in the thigh, and the popliteal region cephalad to the trifurcation of the 
calf veins.
Lung perfusion scanning was performed by intravenous injection of Tc99m labelled 
macroaggregates followed by gamma ray camera imaging of the lungs. When perfu-
sion scintigraphy was considered abnormal, a ventilation scan using krypton inhalation 
was performed. The scans were classified as: no pulmonary embolism, low probability, 
intermediate probability or high probability. In patients who showed symptoms of PE 
before the scheduled ventilation-perfusion scan, either a computed tomography (CT) 
scan or a ventilation-perfusion scan was performed.
The primary outcome parameters were all cause mortality and the incidence of (a)
symptomatic VTE after lower extremity amputation during the first 2 weeks of follow-up. 
The secondary outcome measures were the incidence of mortality and symptomatic 
venous thromboembolic complications after amputation during the first 8 postopera-
tive weeks. When the preoperative investigations showed venous thromboembolism, 
the patient was treated according to the local treatment protocol and excluded from the 
analysis. During the 8 weeks of the study period, all patients received thromboprophy-
laxis according to the departmental guidelines, with subcutaneous injections of either 
nadroparin 2850 IU once daily (od), 3800 IU od, 5700 IU od or 2 times 5700 IU. Approval 
of the Institutional Review Board was obtained.

RESuLTS

A total of 113 lower extremity amputations in 109 consecutive patients were scheduled 
during the study period. Seven patients did not meet the inclusion criteria because 
they refused informed consent (5) or received treatment with vitamin K antagonists (2).
Due to the urgent indication for amputation we could not perform the preoperative 
tests in 49 patients (53 amputations). Two patients showed VTE at the preoperative 
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tests and were excluded from the final analysis: one patient had a high probability of PE 
according to the ventilation-perfusion lung scan and was treated with anticoagulants 
before amputation, but subsequently died within 3 days after the amputation. The 
other patient showed DVT on the preoperative ipsilateral leg and refused further study 
participation. This patient died 5 months after amputation of cardiovascular complica-
tions. In five cases the CCUS was not available; in two cases the perfusion scan was not 
available. Therefore 53 amputations (49 patients) were included in the final intention 
to treat analysis for the primary outcome of death and venous thromboembolism after 
the amputation. Figure 1 shows the trial profile. Table 1 lists the baseline characteristics 
of the study group, Table 2 the operative characteristics and Table 3 the risk factors and 
comorbidity.
All ultrasounds and ventilation-perfusion lung scans were evaluated as adequate. The 
rate of mortality and VTE is listed in Table 4. Four patients developed symptoms of pul-
monary embolism and were diagnosed with PE on a spiral CT scan; in two patients the 

Figure 1. Trial profile 
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PE was fatal. In two patients the ventilation-perfusion scan showed a high probability 
for postoperative PE. The total rate of PE was therefore 6/53 (11.3%; 95% CI, 4.3– 23%), 
of which 2/53 (3.8%; 95% CI, 0.46–13.0%) were fatal. One proximal asymptomatic DVT 
was diagnosed in the 2-week follow-up period; the total rate of DVT was therefore 1/53 
(1.9%) in the postoperative group. All VTEs occurred in the first two postoperative weeks; 
in the 8-week follow-up period no additional VTEs were recorded. 
Three more patients died within the first 2 weeks, diagnosed as sepsis (2) or cardiorespi-
ratory failure (1). Another seven patients died within the 8- week follow-up period, also 
due to sepsis (3) and cardiorespiratory complications (4). We did not acquire permission 
for autopsy; hence the definitive cause of death remained uncertain. 
Two out of 53 amputations were performed because of trauma; one amputation was 
carried out because of a pain syndrome. Vascular insufficiency was the main reason for 
amputation. No VTE was encountered in patients who were operated on because of 
trauma or pain syndrome. 
All patients received standard thromboprophylaxis with either nadroparin 2850 IU (n = 
6) od, 3800 IU (n = 2), 5700 IU od (n = 38) or 2 times 5700 IU (n = 7). The two patients with 
fatal PE received 5700 IU; the non-fatal PEs were detected in patients using either 5700IU 
od (3) or 2 times 5700 IU od (1). The DVT was encountered in a patient receiving 5700 IU 
od. There were no major bleeding events.

Table 1.  Baseline demographic characteristics (N=49 patients, 53 amputations)

Age in yrs, mean ± SD 72 ± 12.0

BMI, mean ± SD 26 ± 4.2

Gender, n (%) Male 27 (55)

Female 22 (45)

Ethnicity, n (%) Caucasian 49 (100)

Side, n (%) Left 26 (49)

Right 27 (51)

Indication, n (%) Dysvascular 50 (94)

Pain Syndrome 1 (2)

Traumatic 2 (4)

ASA classification ASA I 1 (2)

ASA II 8 (15)

ASA III 42 (79)

ASA IV 2 (4)

SD = Standard deviation, BMI = Body mass index
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Table 2. Risk factors in 49 patients (N,%)

Previous DVT 2    (4.1)

Previous PE 2    (4.1)

Contraceptives 1    (2.0)

HRT 3    (6.1)

Family history of VTE -

Co-morbidity, n (%) Cardiovascular 25 (51.0)

Hypertension 44 (89.8)

Diabetes 23 (46.9)

Pulmonary 11 (22.4)

Sepsis 7 (14.3)

Malignancy 9 (18.4)

Medication, n (%) Cardiovascular 44 (89.8)

Pulmonary 12 (24.5)

Diabetes 23 (46.9)

Aspirin 31 (63.3)

NSAID 6 (12.2)

HRT = Hormone replacement therapy

Table 3. Operation characteristics (N=53 amputations)

Anesthesia, n (%) Regional 25 (47)

General 25 (47)

Both 3 (6)

Amputation type, n (%) Transfemoral 9 (17)

Exarticulation knee 2 (4)

Transtibial 42 (79)

SD = Standard deviation

Table 4. Mortality, deep vein thrombosis and pulmonary embolism after lower extremity amputation 
(N=53 amputations)

2 weeks 8 weeks

Total end point (death and VTE)  n, (%) 12 (22.6) 19 (35.8)

Total VTE  n, (%) 7 (13.2) 7 (13.2)

Fatal PE 2 (3.8) 2 (3.8)

Pulmonary embolism (nonfatal) 4 (7.5) 4 (7.5)

Distal DVT (asymptomatic) 1 (1.9) 1 (1.9)

All cause mortality  n, (%) 5 (9.4) 12 (22.6)
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DISCuSSIOn

Uncertainty exists about the incidence of VTE after lower extremity amputation. Arterial 
thrombosis is the primary indication for amputation and is characterized by a cold, pale 
and atrophic leg. In venous thrombosis, however, there is precisely the opposite clinical 
image of a red, swollen and warm extremity. These symptoms are often absent in an 
amputation stump, which may lead to an underestimation of the problem. The absence 
of the muscles in the calf increases venous blood pooling and a decreased mobility may 
cause venous stasis and subsequent thrombosis. The risk profile is further influenced 
by patient factors such as history of venous disease [7], thrombophilic abnormalities, 
obesity, (operation) trauma and a history of malignancy [10].
The risk of VTE has been reported as ranging from 4.2% in the early postoperative period 
[7] to 28–50% 1 month after surgery [8,11] in lower extremity amputees not receiving 
thromboprophylaxis, although the number of patients studied was small. Other studies 
showed a lower incidence of 0–14% with different follow-up periods [12–15]. In these 
studies not all patients received thromboprophylaxis. 
There are two other studies that used ultrasonography to screen for pre- and postopera-
tive DVT. Yeager et al. [7] showed that of the nine patients diagnosed with postoperative 
DVT, six of them already had a DVT before surgery. This report corresponds with our 
finding that two patients were diagnosed with preoperative asymptomatic VTE, reflect-
ing the state of hyper-coagulability and end-stage vascular disease in these patients. 
Matielo et al. [8] found six preoperative DVTs in 82 eligible patients and excluded them 
from further analysis.
Lastoria et al. [16] compared the use of enoxaparin with unfractionated heparin in 75 
lower extremity amputations and showed a non-significant difference of 9.8% vs. 11.8% 
DVTs 8 days postoperatively.
Despite the fact that all patients in our study received pharmacological prophylaxis 
we found a high rate of pulmonary embolism. This could be explained by this study 
being the only one that screened for asymptomatic pulmonary embolism by means of 
ventilation-perfusion scanning.
We believe that our findings are valid because we screened for both PE and DVT and we 
performed these examinations preoperatively as well as postoperatively. A limitation 
of our study is the moderate number of patients studied and the relatively low inclu-
sion rate (45%). Patients often postpone the decision for amputation to the point of 
an advanced dysvascular state or until infection and sepsis requires acute surgery. This 
complicates the scheduling for preoperative investigations. For this reason, some of the 
most acutely ill patients were excluded, which may cause a selection bias. This study 
therefore probably underestimates the true incidence of postoperative death and pos-
sibly also the incidence of VTE. The small number of patients also does not allow analysis 
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of outcome in relation to indication for operation. Another weakness is our inability to 
provide the definite cause of death because autopsy was invariably refused. Most of 
the patients died of sepsis and subsequent cardiovascular and respiratory failure. Two 
patients died before their postoperative CCUS and perfusion scan was performed. In 
these patients the diagnosis of pulmonary embolism could neither be confirmed nor 
rejected. The present study confirms that in patients with end-stage vascular disease 
with associated morbidity requiring a lower extremity amputation there is a high risk of 
postoperative death (22.6%).
Our study further shows that the contribution of VTE to the morbidity and mortality 
after lower extremity amputation in patients receiving adequate thromboprophylaxis 
appears to be high. We found seven VTEs: one patient had asymptomatic contralateral 
postoperative distal DVT; and pulmonary embolism occurred in six patients and was 
fatal in two patients. Some patients received more (n = 7) or less (n = 8) nadroparin than 
the standard 5700 IU od. Remarkably, the primary outcome parameter of VTE was not 
encountered in patients receiving <5700 IU od. On the contrary: one of the patients with 
non-fatal PE received 2 times 5700 IU of nadroparin. 
Considering the high rate of VTE in this group despite the use of adequate prophylaxis, 
a more aggressive thromboprophylactic regimen seems warranted. Some additional 
methods currently available come to mind. Inferior vena cava (IVC) filters are reserved 
for patients with proven proximal DVT and either an absolute contraindication to full-
dose anticoagulation or planned major surgery in the near future [17,18]. The use of 
IVC filters as thromboprophylaxis has expanded recently, because of the introduction 
of retrievable filters. Those filters are placed in the interventional radiology suite under 
fluoroscopy. IVC filters are associated with a low rate of short-term complications, such as 
thrombosis during filter placement, migration, infection and perforation. No difference 
in the rates of PE among patients with or without prophylactic IVC filters were found 
in a meta-analysis of prospective studies [19]. Moreover, there are no RCTs concerning 
the prophylactic use of IVC filters in any patient population [17,18]. Because of lack of 
evidence of efficacy and high costs, we can not recommend the use of IVC filters as 
thromboprophylaxis in patients who will have an amputation.
Mechanical prophylaxis with intermittent pneumatic compression (IPC) or graduated 
compression stockings (GCS) applied to the contralateral leg could be a useful addition 
to LMWH. Some guidelines on thromboprophylaxis after total knee arthroplasty even 
suggest the sole use of mechanical prophylaxis as an alternative to pharmacological 
prophylaxis [20]. As these recommendations are based on studies with small sample 
sizes and RCTs with inconsistent results or major methodological weaknesses, more 
studies are needed. Mechanical prophylaxis in patients with lower extremity amputa-
tion has not been studied to date.
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In conclusion, despite thromboprophylaxis with LMWH the incidence of VTE after lower 
extremity amputation remains high in this study. Currently it is unclear which additional 
measures could be applied to reduce this high rate of VTE in these patients.
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