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Introduction: The incidence of early deep venous thrombosis (DVT) following varicose vein surgery (traditional
open stripping) with routine use of a tourniquet remains unknown.

Materials and methods: A retrospective analysis of all patients who underwent varicose vein surgery with a
tourniquet in the authors’ unit between 1 January 2012 and 30 November 2013 was undertaken. Cases of
postoperative DVT were identified from the unit database, and re-assessments conducted 1, 3 and 6 months
after the initial diagnosis were recorded from the outpatient department.
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V?S’ngre vein Results: Out of 1461 patients, 113 (7.7%) developed postoperative DVT. Nineteen (1.3%) patients had proximal
Tourniquet DVT, and 94 (6.4%) patients had isolated distal DVT. The risk factors for postoperative DVT included old age

(=65 years), female sex and gastrocnemius vein dilation (GVD). GVD was found to be a significant independent
risk factor for the occurrence of DVT, with an odds ratio of 2.437 (95% confidence interval 1.644-3.611). Five pa-
tients with distal DVT (5.7%) and eight patients with proximal DVT (44.4%) still exhibited a thrombus at 6-month
follow-up, but with decreased size and at various stages of resolution.

Conclusions: This study found a higher incidence of postoperative DVT (7.7%) with routine use of a tourniquet
during varicose vein surgery than has been reported previously. Among the factors examined, GVD had the
highest predictive power for postoperative DVT. Both distal and proximal DVT were associated with acceptable
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outcomes.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Varicose vein surgery is largely considered to be a trivial procedure
with few risks, and is often delegated to junior surgeons. However,
deep venous thrombosis (DVT) and potentially lethal pulmonary embo-
lism (PE) are potentially significant side effects that can occur following
varicose vein surgery. The use of a tourniquet has been advocated dur-
ing varicose vein surgery as this can reduce blood loss significantly,
and improve cosmesis without leading to an overall increase in opera-
tive time or changes in patient-reported pain or activity after surgery
[1-3]. Many studies have investigated the incidence of DVT after
varicose vein surgery with different surgical modalities, including tradi-
tional open surgery, radiofrequency ablation, endovenous laser ablation
and sclerotherapy, and reported rates have ranged widely from 0.15% to
5.3% [4]. However, to the authors’ knowledge, the incidence of postop-
erative DVT with routine use of a tourniquet during varicose vein
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surgery has not been reported. In addition, it has not been conclusively
established if the use of a tourniquet during varicose vein surgery
predisposes patients to a higher risk of postoperative DVT.

The aim of this study was to establish the incidence of postoperative
DVT in patients undergoing varicose vein surgery with routine use of a
tourniquet, and to determine the specific risk factors for postoperative
DVT.

Materials and Methods
Patient Selection

A retrospective study was undertaken by reviewing the records of
all patients at a single academic tertiary care centre. Patients who
underwent primary unilateral varicose vein surgery with a tourniquet,
performed by the same experienced team of consultant vascular sur-
geons in the authors’ unit, between 1 January 2012 and 30 Novmber
2013 were included in this study. All cases were identified from the
unit database, in which demographic details (sex and age), obesity
status [body mass index (BMI)], CEAP classification, pre-operative
haemoglobin level, American Society of Anesthesiologists (ASA) score,
surgical records (tourniquet time, operation time and type of
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anaesthesia), and pre- and postoperative duplex ultrasound scanning
results (vein condition of the affected limb) were recorded. Obesity
was defined as BMI >30 kg/m?. The severity of varicose veins was clas-
sified using the standard CEAP classification system [5]. The normal
range of haemoglobin is 120-160 g/I for males and 110-150 g/I for fe-
males. The ASA score was used to assess the overall health status of
the patients (1, normal healthy patients; 5, patients in very poor condi-
tion with little chance of survival) [6]. Inclusion in the present study re-
quired all of the abovementioned information, and all patients included
were fully ambulant prior to treatment. Exclusion criteria were used to
minimize confounders in the analysis, and included: not fully ambulant,
alterations of venous anatomy, history of venous thromboembolism,
use of oral contraceptive pills or hormone replacement therapy, ASA
score >2, and prior varicose vein surgery. Each of these factors could
have affected the validity of correlating varicose vein surgery with the
likelihood of developing postoperative DVT. All patients gave informed
consent before treatment, which was approved by the Institutional
Review Board.

Surgical Procedures and Postoperative Thrombosis Prophylaxis

Patients who had been taking anticoagulation or antiplatelet agents
(e.g. aspirin) were asked to stop taking them 1 week before surgery
under the premise of safety. The type of anaesthesia was decided by
the anaesthetists based on the overall physical status of the patient
and the details of surgery. The operative technique was traditional. In
brief, under anaesthesia (general anaesthesia, epidural anaesthesia,
lumbar anaesthesia, combined spinal epidural anaesthesia or femoral
nerve block), a standard operation consisted of flush ligation of the sa-
phenous vein, stripping the great saphenous vein to below the knee.
Tourniquets were used routinely in all patients to reduce blood loss
and improve cosmesis. Following the groin procedure and stripping,
the tourniquet was applied in a circular motion (centripetal) until distal
pulses were not palpable and secured at approximately 15 cm above the
knee, thus exsanguinating the limb in a centripetal direction and
blocking blood flow. Subsequently, multiple phlebotomies of the
varicose vein that had been marked on the skin prior to surgery were
taken through stab incisions. Once the procedure was completed, cotton
cushions and elastic bandages were applied firmly to the treated limb.
All procedures went smoothly and no patient had intra-operative
complications requiring hospitalization. All patients were vigorously
encouraged to ambulate as soon as possible, usually 24 h after surgery.
Elastic bandages were worn for 48 h and were replaced with medical
compression stockings for at least 1 month. All patients received a single
dose of low-molecular-weight heparin prophylaxis (4000 i.u. enoxaparin
sodium, Clexane, Sanofi Winthrop Industrie) 8 h after surgery and once
daily over the next 3 days. Patients were generally discharged from
hospital within 3-5 days.

Duplex Ultrasound and Postoperative Investigation

Duplex ultrasound examinations were performed pre- and postop-
eratively by experienced examiners of the same team to assess the
deep venous system from the inguinal ligaments to the ankle, including
insonation of the great saphenous vein, the common femoral vein and
the calf muscle veins (gastrocnemius, posterior tibial or popliteal
vein). Particular attention was paid to the gastrocnemius vein. Gastroc-
nemius vein dilation (GVD) was diagnosed when the dilated gastrocne-
mius vein was more than 5 mm in diameter (or 1.5 times the size of
the normal side when dilation was less than 5 mm in diameter), and
when it could be compressed completely with a probe and disappear
from sight. Pre-operative duplex ultrasound assessment was typically
performed 1 or 2 days before surgery, while postoperative duplex ultra-
sound was conducted 3 days after surgery. A patient was diagnosed
with postoperative DVT when the duplex image revealed venous dilata-
tion with an echogenic thrombus, the absence of Doppler signals and

narrow, thick-walled veins. The site, size and extent of the thrombus
were also identified by duplex imaging. DVT was classified as either
proximal (i.e. the thrombus was located at or above the popliteal
vein) or distal (i.e. the thrombus was restricted to the infrapopliteal
deep veins). A thrombus in both proximal and distal locations was
classified as proximal. Symptomatic patients who presented with leg
pain, swelling and/or calf tenderness were also recorded from the
hospital’s postoperative records. Patients with clinical findings that
were compatible with PE, such as chest pain, dyspnoea, tachypnoea
and oxygen desaturation, were evaluated using multi-slice spiral
computed tomography pulmonary angiography. All patients with
DVT were given additional anticoagulation medication (warfarin)
for 6 months and re-assessed by duplex ultrasound 1, 3 and 6 months
after initial diagnosis in the outpatient department. The therapeutic in-
ternational normalized ratio was adjusted within the range of 2.0-3.0.
Patients were thought to have effective anticoagulation when the du-
plex image revealed disappearance of the thrombus and the presence
of Doppler signals. Patients with suspected or confirmed PE remained
hospitalized for an extended period following surgery. The outcomes
of anticoagulation treatment were reviewed from the outpatient
records. Other patients without postoperative DVT were reviewed at a
local hospital.

Statistical Analysis

Statistical Package for the Social Sciences Version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. Chi-squared test
was used to determine the significance of differences in the occurrence
of DVT with respect to age, sex, obesity, affected limb side, CEAP classi-
fication, tourniquet time and type of anaesthesia. Multiple logistic
regression analysis was performed to confirm the independent predic-
tive factors. P < 0.05 was considered to indicate statistical significance.

Results
Patient Characteristics

In total, 1461 patients who underwent unilateral varicose vein sur-
gery with routine use of a tourniquet between 1 January 2012 and 30
November 2013 were enrolled in this study. There were 781 (53.5%)
men and 680 (46.5%) women, with an average age of 56.7 years
(range 19-88 years). Of all the patients included in this study, 410
patients (28.1%) were diagnosed with GVD. All patients had a good
physical status and had an ASA score <2. The basic characteristics and
pre-operative status of the patients are summarized in Table 1.

Incidence of Postoperative DVT

The incidence of DVT after varicose vein surgery with routine use of
a tourniquet was 7.7% (113/1461 patients) within the first 3 postopera-
tive days. There were 19 (1.3%) cases of proximal DVT and 94 (6.4%)
cases of isolated distal DVT. Of the 94 patients with distal DVT, 64
(68.1%) patients had a thrombus located in the gastrocnemius or soleus
veins, and the remaining 30 (31.9%) patients had a thrombus located in
the posterior tibial or peroneal veins. Three of the 19 patients with prox-
imal DVT had a thrombus at the femoral surgical site, three patients had
a thrombus in the femoral veins, five patients had a thrombus in the
popliteal veins and eight patients had a thrombus both above and
below the popliteal veins. Twenty-one (1.4%) patients with DVT were
symptomatic, and the remaining 92 (6.3%) patients were asymptomatic.
Of the 21 symptomatic patients, 16 (1.1%) had proximal DVT and five
(0.3%) had distal DVT (Fig. 1). One patient (0.07%), a 65-year-old man
with concomitant symptomatic DVT (proximal DVT), exhibited clinical
symptoms consistent with PE; this was confirmed by multi-slice spiral
computed tomography pulmonary angiography.
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Table 1
Summary of patient characteristics.

Parameter No. of patients

Age (years)

Median(range) 57 (19-88)

Mean =+ SD 56.7 + 10.5
Sex

Male 781

Female 680
Side

Left limb 787

Right limb 674
BMI (kg/m?)

Mean 4 SD 241 +£32
Haemoglobin (g/1)

Mean &+ SD 130.2 4+ 13.1
ASA score

1 939

2 422
Operation time (min)

Mean 4 SD 509 + 15.8
CEAP classification

1-2 316

3-4 827

5-6 318
GVD

Yes 410

No 1051

BMI, body mass index; GVD, gastrocnemius varicose dilation; SD,
standard deviation.

Risk Factors for Postoperative DVT

Table 2 shows the univariate analysis of general characteristics (age,
sex, affected limb side, obesity, haemoglobin level, CEAP classification
and GVD) and surgical records (tourniquet time and type of anaesthe-
sia) between patients with and without DVT. The two groups were
largely similar in terms of affected limb side (P = 0.864), haemoglobin
level (P = 0.649) and type of anaesthesia (general anaesthesia, epidural
anaesthesia, lumbar anaesthesia, combined spinal epidural anaesthesia
or femoral nerve block) (P = 0.203). No association was found between
the rate of DVT and obesity (P = 0.294) and severity of varicose veins
(CEAP 5 and CEAP 6) (P = 0.739). Similarly, a significant difference in
tourniquet time (>30 min) was not found between patients who devel-
oped DVT and those who did not (P = 0.053).

Old age (=65 years) (P = 0.014), female sex (P = 0.001) and pre-
operative GVD (P = 0.001) were significantly associated with the occur-
rence of postoperative DVT. Multivariate analysis confirmed that these
three characteristics were significant independent risk factors for the
occurrence of DVT, with odds ratios of 1.761 [95% confidence interval
(CI) 1.143-2.714], 1.977 (95% CI 1.315-2.971) and 2.437 (95% CI
1.644-3.611), respectively (Table 3).
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Fig. 1. Incidence and location of postoperative deep venous thromboses (DVTs).

Table 2
Univariate analysis of risk factors for deep venous thrombosis (DVT) after varicose vein
surgery with a tourniquet.

No. of No. of P-value
patients patients
with DVT without
(%) DVT
General characteristics
No. of subjects 113 (7.7) 1348 -
Age (years) 0.014*
<65 78 (6.8) 1064
>65 35(11.0) 284
Sex 0.001°
Male 44 (5.6) 737
Female 69 (10.1) 611
Side 0.864
Left limb 60 (7.6) 727
Right limb 53(7.8) 621
Obesity 0.294
Obese 3(4.4) 65
Not obese 110(7.9) 1283
Haemoglobin level 0.649
High level 4(6.3) 60
Not high level 109(7.8) 1288
CEAP classification 0.739"
1-2 24 (7.6) 292
3-4 63 (7.6) 764
5-6 26 (8.2) 292
GVD 0.001°
Yes 54(13.2) 356
No 59 (5.6) 992
Surgical records
Tourniquet time (min) 0.053
<30 54 (6.5) 771
>30 59 (9.3) 577
Type of anaesthesia 0.203
General anaesthesia 7 (7.0) 93
Epidural anaesthesia 42(6.1) 647
Lumbar anaesthesia 8(7.8) 95
Femoral nerve block 23(7.7) 277
Combined spinal and epidural anaesthesia 33 (4.3) 726

DVT, deep venous thrombosis; GVD, gastrocnemius varicose dilation; SD, standard
deviation.

¢ P<0.05.

b CEAP Class 5 and 6 vs CEAP Class 1-4.

Outcome of Postoperative DVT

None of the 113 patients with postoperative DVT died due to DVT or
PE during the follow-up period. The patient with PE had an uneventful
recovery after anticoagulation, and seven patients (six with distal DVT
and one with proximal DVT) were lost to clinical follow-up. Thrombus
resolution of the remaining 106 patients varied based on the time and
location of the thrombus. At 1 month, 83.0% of patients with distal
DVT (73/88) and 11.1% of patients with proximal DVT (2/18) were
free from their thrombi. At 3 months, the respective rates were 90.0%

Table 3
Multivariate analysis of risk factors for deep venous thrombosis after varicose vein surgery
using a tourniquet.

Parameter {3 coefficient SEf3  P-value OR (95% CI)

Age >65 years 0.566 0.221 0.010* 1.761 (1.143-2.714)
Female 0.681 0.208 0.001* 1977 (1.315-2.971)
Left limb 0.050 0.201 0.802 1.052 (0.710-1.559)
Obesity -0.448 0.624 0473 0.639 (0.188-2.170)
High haemoglobin level -0.050 0.546 0.928 0.952 (0.327-2.773)
CEAP 5 and 6 0.168 0.246 0.494 1.183 (0.731-1.915)
GVD 0.891 0.201 0.001*  2.437 (1.644-3.611)
Tourniquet time >30 min  0.345 0.203 0.089 1.412 (0.949-2.101)

DVT, deep venous thrombosis; GVD, gastrocnemius varicose dilation; SD, standard devia-
tion; CI, confidence interval; OR, odds ratio; SE (3, standard error of 3 coefficient.
¢ P<0.05.
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Fig. 2. Time since surgery and resolution of distal and proximal deep venous thromboses
(DVTs).

and 27.8%. At 6 months, five patients with distal DVT (5.7%) and eight
patients with proximal DVT (44.4%) exhibited a remaining thrombus,
but with decreased size and at various stages of resolution (Fig. 2).
Thrombus resolution was more difficult in cases of proximal DVT than
isolated distal DVT.

Discussion

In this retrospective study of patients who underwent unilateral
varicose vein surgery with routine use of a tourniquet, DVT was detect-
ed in 113 of 1461 (7.7%) patients within 3 postoperative days. The
percentage of patients with isolated distal DVT (6.4%) was higher than
the percentage of patients with proximal DVT (1.3%). In addition, most
cases (89/94) of isolated distal DVT were asymptomatic. Despite the
lower incidence of proximal DVT, these patients were nearly always
symptomatic, so they represented a considerable proportion of all
cases of DVT with clinical manifestations in this study.

Previous studies have found a higher incidence of DVT (range
0.15-5.3% depending on surgical modality and diagnostic method)
compared with the present study [4,5,7,8]. This may have been due to
the systematic practice of screening for both proximal and distal DVT
in the present study. In addition, routine use of a tourniquet may be a
potential risk factor for the development of DVT. Miller et al. reported
an incidence of DVT of 0.3% in 1322 legs based on clinical grounds [9].
This result is similar to the incidence of symptomatic DVT observed in
the present study (1.2%). However, this result may underestimate the
true incidence of DVT as detected by venography. The present study
evaluated patients for DVT pre- and postoperatively using duplex ultra-
sound, which detects a very high proportion of asymptomatic cases, and
the data highlight the insensitivity of clinical assessment as a sole
screening method for DVT. A previous prospective study reported an
incidence of postoperative DVT of 5.3% using duplex ultrasound, but
the use of a tourniquet during surgery was not reported, and the sample
size (377 patients) was small [5]. The fact that the use of a tourniquet
led to a higher incidence of postoperative DVT in the present study
may be due to tourniquet-associated injuries to the vascular system,
which can directly lead to thrombosis or to tourniquet-associated
hypercoagulable states [10]. The high incidence of DVT observed within
3 days of surgery also suggests that early postoperative duplex ultra-
sound is essential, and should be advocated in all patients undergoing
varicose vein surgery with the use of a tourniquet. In addition, this
study had a number of exclusion criteria which may contribute to the
development of DVT in routine practice, thus increasing the reliability
of the resultant incidence.

Even with routine use of thromboprophylaxis in patients, the re-
ported incidence of postoperative DVT in the present study was higher
than that reported in previous studies [4,5,11]. San Norberto Garcia
et al. compared the use of thromboprophylaxis with or without low-
molecular-weight heparin in two prospectively randomized groups of
patients after varicose vein surgery, and found no significant difference
in the incidence of postoperative DVT between the groups [12].

However, a subset of patients had increased risk of troublesome
side effects, such as bleeding and subcutaneous haematoma due to
thromboprophylaxis [11]. There are no evidence-based guidelines
for the prevention of DVT in patients undergoing surgical treatment
for varicose veins, and there is no consensus among surgeons regarding
the most appropriate approach for thromboprophylaxis [13]. One
survey reported that only 12% of surgeons used subcutaneous heparin
prophylaxis routinely; the majority of surgeons (71%) used heparin
selectively in patients with a previous or family history of DVT or in
elderly patients, inpatients and those with recurrent varicose veins
[14]. Many studies have recommended that only patients with risk
factors, especially multiple risk factors, should be given extended
prophylaxis [4,5]. A multicentre randomized controlled clinical trial is
warranted to compare the effects of prophylaxis with placebo.

The present study found no association between DVT and obesity,
severity of varicose veins (CEAP 5 and 6), high haemoglobin level and
type of anaesthesia. Factors that can increase the risk of postoperative
DVT include old age (>65 years), female sex and a history of GVD.
There are several explanations for the effects of these risk factors. Age
has consistently been considered as a significant risk factor for develop-
ment of thrombosis [15], which is associated with the presence of an
acquired pre-thrombotic state [16,17]. The role of patient sex as a risk
factor for DVT is controversial, and the evidence is largely inconclusive.
In this study, female patients were at higher risk of postoperative DVT
than male patients, which may be due to differences in sensitivity to
pain and immobility between male and female patients based on clini-
cal observations. The use of a tourniquet for an extended period of
time (>30 min) was not a significant risk factor on univariate analysis
or multivariate analysis. Thus, as expected, the duration of tourniquet
use is not thought to be a risk factor for DVT. No previous study has
investigated the association between pre-operative GVD and post-
operative DVT in clinical practice. The present study found that 28%
(410/1461) of patients suffered from GVD according to the duplex
ultrasound data, and the incidence of DVT was significantly higher in
patients with GVD compared with patients without GVD (13.2% vs
5.6%, P = 0.001). Of all of the risk factors examined in the univariate
and multivariate analyses, GVD had the highest predictive power for
postoperative DVT. No mechanisms have been proposed regarding
how GVD could contribute to a higher incidence of DVT, other than
the possibility of this effect resulting from venous stasis in dilated
vessels [18]. The present study also serves as a reminder to vascular
surgeons of the underestimated and/or overlooked risk factor of GVD.

In this study, both proximal and distal DVT in this study had accept-
able outcomes, and all thromboses either exhibited complete resolution
or were in various stages of resolution at 6-month follow-up with anti-
coagulant therapy. However, proximal DVT differed from distal DVT in
terms of the time for resolution of the thrombus. Most cases of distal
DVT (94.3%) exhibited thrombus resolution within 6 months, compared
with 55.6% of cases of proximal DVT. It has been argued that over 90% of
cases of distal DVT can achieve complete resolution even without
anticoagulant treatment [19]. The clinical outcomes of isolated distal
DVT may be minimal, but this should not be overlooked during routine
surveillance, especially when proximal propagation is observed. In
contrast, proximal DVT is of greater concern than distal DVT due to
the higher rate of potentially lethal PE associated with proximal DVT
[20]. A recent systematic review concluded that the incidence of silent
PE was higher in patients with proximal DVT than in patients with distal
DVT (36% vs 13%) [21]. The patient with PE in this study also had
proximal DVT, suggesting that routine screening for PE in patients
with concomitant proximal DVT may be advantageous.

This study has several limitations. First, precise records regarding
which patients exhibited DVT after hospital discharge (more than
3 days after surgery) were not available. Therefore, some cases of DVT
that occurred outside the hospital may have been missed, and the true
incidence of postoperative DVT may have been underestimated. A sec-
ond limitation is the absence of a control group (non-use of a tourniquet
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during surgery). The conclusion that the incidence of postoperative DVT
is probably increased by the use of a tourniquet was made by comparing
the present data with previously reported incidence rates. A third limi-
tation is that the sample size of patients with proximal DVT was small,
so the thrombus resolution time may be inaccurate and not representa-
tive. Despite these limitations, the present data reflect a higher inci-
dence of postoperative DVT than previous studies, and GVD was
identified as a significant risk factor. Larger prospective studies are
needed to evaluate this issue precisely, and to understand the clinical
relevance of these results.

Conclusion

This study found a higher incidence of postoperative DVT (7.7%)
with routine use of a tourniquet during surgery compared with previous
studies. Of the risk factors examined in this study, GVD was found to
have the highest predictive power for postoperative DVT; this fact has
been underestimated or overlooked previously. No deaths attributable
to DVT or PE occurred among the study population, and distal DVT
appears to have a better clinical response to anticoagulation therapy
than proximal DVT.
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