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Introduction
The large number of patients suffering from chron-

ic venous disease (CVD) and technological progress in 
the treatment of venous incompetence have resulted in 
a  continuously increasing number of patients diagnosed 
with, and treated for, CVD in western countries [1]. This 
is a  review of the risk of deep vein thrombosis (DVT) 
after surgical and minimally invasive treatment of vari-
cose veins. The factors influencing this increase include 
the implementation of new treatment methods, a growing 
number of dedicated vein treatment centres, and growing 
awareness regarding CVD diagnosis and treatment among 
patients and physicians [2, 3]. Additionally, the presence 
of lower leg varicose veins is not only a health problem but 
also a cosmetic concern for many patients [4]. 

DVT remains one of the most important clinical 
complications of varicose vein surgery and other kinds 
of invasive treatment for superficial vein incompetence 
[5-8]. Despite the fact that procedures employed in the 
treatment of varicose veins are commonly classified 
as carrying a  low risk of thromboembolism, this risk 
may vary significantly across different patients due to 
the presence of individual risk factors [9]. An increas-
ing prevalence of varicose veins associated with more 
advanced age and advanced age of the population in 
general have led to an increase in the number of proce-
dures performed in older patients. In this group and in 
some younger patients, many concomitant risk factors 
for venous thromboembolism (VTE) can be identified 
[9, 10]. 
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Abstract 
Deep vein thrombosis (DVT) remains one of the most important clinical compli-
cations of varicose vein surgery. Despite the fact that procedures employed in the 
treatment of varicose veins are commonly classified as carrying a low risk of thrombo-
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to be much higher.
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risk stratification are significant. Because of population aging, a higher incidence of 
thromboembolic complications can be expected, suggesting the need for an individ-
ualised approach to risk stratification and appropriate risk-adjusted prophylaxis in 
patients who are candidates for varicose vein treatment. The implementation of new 
treatment modalities, in particular thermal and non-thermal ablation, does not elim-
inate the risk of DVT completely despite their relatively minimally invasive nature. 
Moreover, these methods can be related to the occurrence of new types of thrombotic 
complications, such as endovenous heat-induced thrombosis. The limited number of 
prospective studies regarding thromboembolism prophylaxis in modern phlebologi-
cal treatment warrants further research on the importance of patient assessment and 
evaluation of procedure-related risk factors for venous thromboembolism. 
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According to the current knowledge, many risk fac-
tors for VTE are not only treatment-related (such as sur-
gery and its duration, immobilisation, and anaesthesia) 
but also patient-related (such as age, previous history of 
VTE, cancer, thrombophilia, inflammatory bowel dis-
eases, acute infections, and many other conditions) [9, 
10]. Various clinical advancements in chronic venous 
disease, different treatment models with their varying 
durations and invasiveness, as well as different inter-
patient VTE risk factors suggest the need for an indi-
vidualised approach to VTE prophylaxis in patients 
undergoing invasive treatment of varicose veins. In 
the ENDORSE study (published in 2008) on the prac-
tical implementation of VTE prophylaxis in hospital-
ised patients undergoing medical treatment and sur-
gery, appropriate antithrombotic prophylaxis was used 
in only 66% of surgical patients at risk for VTE [11]. 
Unfortunately, data regarding VTE prophylaxis for var-
icose vein surgery are not available for this population. 
The lack of homogeneity between varicose vein popula-
tions (in terms of treatment modalities, treatment extent 
and the presence of VTE risk factors) creates a signifi-
cant clinical challenge in proper risk stratification and 
implementation of adequate prophylaxis. Despite some 
provnposed protocols for the standardisation of VTE 
prophylaxis in this group of patients, individual risk 
assessment and implementation of risk-adjusted pro-
phylaxis seem more reasonable [9, 10]. 	

Deep vein thrombosis and venous 
thromboembolism incidence in 
patients undergoing varicose vein 
surgery and minimally invasive 
treatment (thermal ablation)

The occurrence of clinically symptomatic VTE after 
varicose vein surgery and its potential influence on pro-
cedural mortality and morbidity are low in retrospective 
studies [12, 13]. However, the significance of VTE as 
a major potentially avoidable cause of in-hospital death 
in both surgical and medical patients seems unquestion-
able [10].

The rate of VTE associated with invasive treatment 
of varicose veins differs significantly across studies [7, 8, 
12-16]. The nature of the study (retrospective or prospec-
tive) and methods of assessment (ultrasound or clinical 
evaluation of symptoms only) are reasons for these sig-
nificant discrepancies. In most of the retrospective anal-
yses, the reported rate of VTE after varicose vein sur-
gery is approximately 1% or lower and applies mostly to 
clinically symptomatic cases [12-16]. In a retrospective 
analysis of the outcomes of 3300 surgical varicose vein 
operations, Hagmuller found that diagnoses of clinically 
symptomatic DVT and pulmonary embolism (PE) were 
established in 0.15% and 0.06% of cases, respectively 

[14]. Miller identified DVT episodes in 0.7% of cases 
(reduced after the use of antiembolism stockings) in 
a group of 997 patients who underwent varicose vein sur-
gery [15]. Moreover, Critchley analysed the results of var-
icose vein surgery on 973 limbs and found that DVT was 
present in 0.5% of cases (no PE episodes were reported) 
[16]. In another retrospective analysis of a large cohort of 
1063 patients treated surgically for varicose veins, Huber 
and Bounameux observed clinical manifestation and 
confirmed pulmonary embolism in 0.56% of cases [17]. 
In a prospective evaluation of the results from a group in 
which only 3.7% of patients received pharmacological 
prophylaxis of VTE, Lemasle et al. reported 17 DVT epi-
sodes after 4206 varicose vein operations (0.4%) [18]. In 
this study, only symptomatic patients had an ultrasound 
scan performed to confirm the DVT diagnosis. Also, one 
case of PE was noted (0.02%) in this group. Moreover, 
the authors found that the risk for VTE was increased 
after surgery on the small saphenous vein (three times 
greater than for the GSV) and after re-do surgeries (three 
times greater than for primary interventions). Most DVT 
cases involved calf veins (71%), and four occurred in 
patients who received antithrombotic prophylaxis (out 
of a total of 155 patients who received pharmacological 
prophylaxis) [18]. Oesch analysed the results of 8639 
vein operations on 12,724 limbs and identified clinical-
ly symptomatic VTE episodes in 0.38% of patients and 
0.26% of operated legs (22 DVT and 14 PE episodes). 
With the exception of low-risk ambulatory phlebectomy 
cases, antithrombotic prophylaxis was administered to all 
patients for 1 to 10 days. In an imaging examination per-
formed to confirm DVT, there were no cases of DVT in 
the proximal thigh, but seven popliteal vein and 15 crural 
vein events (distal DVT) were identified. As for the type 
of the surgery, the highest DVT rate (1%) was related to 
surgery of the small saphenous vein, whereas lower rates 
were reported for great saphenous vein surgery (0.46%) 
and ambulatory phlebectomy (0.07%) [19]. In a  study 
based on postoperative duplex imaging of 411 patients 
who underwent varicose vein surgery, Bhogal and 
Nyamekye reported a 1.2% incidence of DVT [20]. 

Some prospective studies, in particular those based 
on objective imaging evaluations, report higher DVT 
rates. In Van Rij’s prospective assessment based on 
Doppler evaluation of 377 patients (performed before 
and 2-4 weeks after varicose vein surgery, and again at 
6-12 months), 5.3% of DVT cases and no PE episodes 
were identified [7]. In this study, selective VTE prophy-
laxis involved a  single dose of subcutaneous heparin. 
Of 20 patients with DVT, only eight were symptomatic 
(1.6% of patients in the entire population), and 18 cas-
es involved calf veins. Despite a higher DVT rate than 
previously reported, the clinical significance of most of 
these events was low. In addition, the procedures in this 
study were performed under general anaesthesia, and 
both stripping and phlebectomies were carried out during 
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a  single surgery. Additionally, as has been mentioned 
above, pharmacological prophylaxis was used in selected 
cases only [7]. A higher incidence of DVT after varicose 
vein treatment, as reported by van Rij, was also suggested 
by Puttaswamy, based on a duplex US-supported study of 
100 lower legs operated for varicose veins. In this study, 
the reported rate of postoperative DVT was 4.8% [21]. 

When considering factors affecting the rate of DVT 
after varicose vein surgery, not only the study methodolo-
gy but also the type (phlebectomy, truncal ablation + phle-
bectomy) and nature (unilateral or bilateral operations) 
of surgical procedures are significant [5, 13, 22, 23]. In 
a  study based on Hospital Episode statistics, Sutton ret-
rospectively analysed VTE episodes occurring within 
12 months of varicose vein surgery. The total incidence of 
VTE was 0.51%, including 0.54% for open surgery, 0.19% 
for sclerotherapy, and 0.47% for endovenous laser surgery. 
The incidence of VTE was higher for combined proce-
dures (EVLT + phlebectomies) and amounted to 1.26%. 
An increased DVT rate was also associated with bilateral 
treatment (DVT rate: 0.62% vs. 0.3%). Furthermore, re-do 
surgery and surgery on the short saphenous vein were also 
associated with increased thrombotic complication rates of 
1.62% and 1.16%, respectively [5]. A potentially higher 
risk in patients undergoing bilateral varicose vein surgery 
was also suggested in other studies. For instance, Defty 
et al. reported 0.14% of clinically symptomatic DVT cas-
es after single leg operations and 0.75% in cases of bilat-
eral surgery [22]. Chen et al. investigated the DVT risk 
in patients undergoing saphenous vein surgical stripping 
with intraoperative tourniquet application and document-
ed a high rate of DVT. Proximal DVT events occurred in 
1.3% of cases and isolated distal DVT events in 6.4% of 
cases [24]. The authors also enumerated DVT risk factors, 
which were older age (≥ 65 years), female sex, and gas-
trocnemius vein dilation [24].

Despite the minimally invasive nature of endovenous 
thermal and non-thermal ablation, VTE has also been 
encountered after this form of CVD invasive treatment. 
The number/rate of acute thrombotic episodes varies sig-
nificantly across reports regarding minimally invasive 
ablation methods. Considering the possibility of local 
procedure-related complications, such as EHIT (endo-
venous heat-induced thrombosis), the reported results 
should be evaluated carefully, and the true rate of DVT 
events usually remains low. Jacobs et al. prospectively 
evaluated the results of 277 consecutive office-based 
radiofrequency ablations (ClosureFast catheters) and 
performed duplex ultrasound two weeks after the proce-
dures in all patients (86% of the procedures were per-
formed on the great saphenous vein). The DVT, defined 
by thrombus protrusion with complete occlusion of the 
femoral or popliteal vein, was visible in only two patients 
(0.7%) [25]. Marsh et al. analysed outcomes after saphe-
nous vein thermal ablation in a  group of patients after 
RF and EVLT. The DVT events occurred in 0.7% of 

cases after RF ablation (19 limbs out of 2470 proce-
dures, including four (0.2%) EHIT cases) and in 1% of 
cases after endovenous laser ablation (four limbs out of 
350 procedures, including three (0.9%) EHIT cases). In 
both groups, a low number of thrombotic complications 
was noted. However, the authors recommended routine 
postoperative screening until the significance of EHIT, 
as a local thrombotic complication, is better understood 
[26]. Knipp et al. compared the rates of symptomatic 
DVT that had developed in patients after either endo-
venous laser ablation alone (308 limbs) or after endo-
venous laser ablation with concomitant phlebectomy or 
incompetent perforating vein ligation (135 limbs). The 
DVT events were found in 2.2% of cases in the combined 
endovenous and surgical treatment group and in 0% of 
cases in the endovenous ablation only group. The rates of 
saphenofemoral thrombus extension (EHIT) were 5.9% 
and 7.8%, respectively. In 181 patients undergoing endo-
venous laser treatment only, perioperative antithrombot-
ic prophylaxis was used according to a risk stratification 
protocol. The authors emphasised that, in their cohort, 
the use of heparin prophylaxis in patients deemed eligible 
for ablation and phlebectomy did not have a significant 
effect on the thrombotic complication rate or on throm-
bus protrusion into deep veins [27]. Dermody et al. ana-
lysed the frequency of thromboembolic complications in 
endovenous thermal ablation and foam sclerotherapy in 
the treatment of great saphenous vein insufficiency [28]. 
In the analysis of 12 randomised controlled trials and 
a 19-case series of endovenous thermal ablation as well 
as 12 RCTs and a six-case series of foam sclerotherapy, 
the estimated incidence of VTE was low, < 1%, and was 
similar across treatment modalities and study types [28]. 

Benarroch-Gampel et al. searched the database of 
the national surgical quality improvement program 
(NSQIP)/2005-2009/ and identified 3874 patients treat-
ed by means of saphenous vein radiofrequency abla-
tion (74.8%) or laser ablation (25.2%) with or without 
concomitant stab phlebectomy [29]. The incidence of 
clinically symptomatic DVT was similar in both groups 
(1.74% for laser ablation and 1.52% for radiofrequency 
ablation). No difference was observed in the occurrence 
of clinically overt PE: 0.07% vs. 0%, respectively. The 
presence of a venous ulcer was identified as a factor that 
generates a higher DVT rate (2.4-fold higher DVT rate). 
According to the authors, ensuring proper positioning of 
the fibre in the perijunction segment and undertaking pre-
ventive measures, including VTE anticoagulant prophy-
laxis, mobilisation, rapid ambulation, and lower extrem-
ity compression, are significant, especially in this group 
(C6 patients) [29]. Based on systematic reviews, cohort 
studies, and RCTs addressing endovenous laser treatment 
in more than 10,000 patients, the Ontario Health Tech-
nology Advisory Committee estimated the clinically-reg-
istered overall pooled major adverse event rate (including 
DVT, skin burns, or nerve damage) at 0.63% [30]. How-
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ever, a  contrasting and interesting observation comes 
from a report by O’Donnell et al. [31]. This retrospective 
analysis involved 131,887 patients diagnosed with, and 
treated for, varicose veins, including 47.8% of patients 
after multiple therapies, 17.4% after laser ablation, 16.4% 
after radiofrequency ablation, 9.6% after sclerotherapy, 
and 8.7% after surgery. The authors followed DVT and 
PE cases in the medical records of the patients’ insurance 
systems within 30 days of a claim concerning invasive 
varicose vein treatment. A DVT (expressed as a percent-
age of events within each treatment cohort) was identi-
fied in 4.4% of the patients treated with radiofrequency 
thermal ablation, 3.4% of the patients who underwent 
multiple therapies on the same day, 3.1% of the patients 
who underwent laser ablation, 2.6% of the patients treat-
ed with multiple therapies on different days, 2.4% of the 
patients treated with varicose vein surgery, and 0.8% of 
sclerotherapy patients. The authors concluded that the 
rate of thrombotic complications after invasive treatment 
of varicose veins in the “real world” is probably higher 
than expected on the basis of small clinical analyses [31].

In light of the anatomical differences between the 
great and small saphenous veins, some researchers sug-
gest that a DVT rate is higher in patients treated inva-
sively for SSV incompetence. Paravastu et al. analysed 
the results of endovenous ablation of the small saphenous 
vein in a Cochrane analysis from 2016 [32]. According 
to the analysis of three RCTs comparing laser ablation 
with surgery and one comparing ultrasound-guided foam 
sclerotherapy (UGFS) with surgery, the rate of DVT was 
0.6% after endovenous laser treatment and 1% in the 
group treated with surgery [32].

The minimally invasive nature of thermal and 
non-thermal ablation is associated with a relatively low 
rate of DVT, not exceeding 1% in most reports [6, 23, 
25, 27-29, 31, 33-36]. However, several VTE risk factors 
identified in patients undergoing this type of procedure 
can significantly influence the thrombotic event rate. 
Several other coexisting factors related to the patient’s 
clinical condition and history (including age, a previous 
DVT episode, or other clinically important factors) can 
result in an increased procedure risk [21, 23, 25]. 

Rapid mobilisation and compression (used in most 
centres early after procedures) can at least theoretically 
decrease the VTE risk. On the other hand, despite the 
lack of evidence-based guidelines dedicated to thermal 
ablation applied for the treatment of varicose veins, indi-
vidualised risk stratification followed by proper prophy-
laxis implementation (if required) seem reasonable and 
clinically justified in this context. 

Specific thrombotic complications 
after minimally invasive treatment

The introduction of minimally invasive thermal or 
chemical ablation has elicited the emergence of new 

thrombotic complications related to the mechanism of 
ablation (thermal or chemical injury of the venous wall), 
with possible proximal thrombus propagation (endo-
venous heat-induced thrombosis – EHIT, endovenous 
foam-induced thrombosis – EFIT, endovenous glue- 
induced thrombosis – EGIT) [37-39]. Because the rates 
of these thrombotic events are significant, their nature, 
natural history, and potential complications should be 
investigated and clarified. The incidence of EHIT related  
to thermal ablation was estimated at 0-16% for radio- 
frequency ablation and at 0-7.7% for laser ablation [40]. 
The highest EHIT rate was reported by Hingorani et al. in 
a paper describing the results of the old “closure” radio- 
frequency system [41]. In this study, based on 66 GSV 
RF ablation procedures, with 75% of cases also receiv-
ing surgical phlebectomy, DVT was found in 12 limbs 
(16%), including 11 cases of EHIT and one case of crural 
DVT (without significant clinical consequences) [38]. 
Further studies with new probes and generators do not 
confirm this high rate of EHIT after thermal ablation. 
Chi et al. studied 360 consecutive patients after endove-
nous laser ablation in a prospective ultrasound-supported 
study and found 19 DVT cases (5.2%) in the follow-up 
period, 18 of which involved either the saphenofemoral 
or saphenopopliteal junction and should be classified 
as EHIT (DVT independent of the junction area was 
found in only one case) [36]. The risk factors affect-
ing the thrombotic event rate in this study included age 
> 66 years, female gender, and a prior history of super-
ficial vein thrombosis. Sufian et al. investigated risk 
factors influencing the occurrence of EHIT in patients 
undergoing radiofrequency ablation [37]. In 6707 treated 
limbs the incidence of EHIT was 3%. The identified risk 
factors for the higher EHIT rate were: large vein diam-
eter, male sex and concomitant multiple phlebectomies 
[37]. Kane et al. retrospectively analysed data regarding 
endovenous laser procedures performed on 528 veins 
(GSV 486; SSV 22) and found EHIT in 5.1% of cases, 
including two patients with EHIT in the popliteal vein 
after small saphenous vein ablation. All cases resolved 
completely, and no PE was reported after observation 
or anticoagulation (depending on EHIT advancement) 
[42]. According to another research study based on 277 
consecutive office-based radiofrequency procedures 
(86% involving the GSV) followed by Doppler US per-
formed within two weeks of the procedures, EHIT was 
recognised in 4% of cases and DVT (as ostial thrombus 
protrusion) in 0.7% of cases. Previous DVT was the only 
factor associated with post-procedural DVT. The EHIT 
occurred more frequently in male patients with factor 
V Leiden deficiency, who underwent small saphenous 
vein ablation [42]. 

Currently, two classifications of EHIT are available 
[38, 43]. According to the one proposed by Kabnick, 
class I involves saphenous vein thrombosis that develops 
towards the junction between the superficial and deep 
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venous systems (saphenofemoral, saphenopopliteal) but 
does not extend into the deep venous system; class II is 
characterised by non-occlusive venous thrombosis, with 
less than 50% extension (in a cross-sectional area) into the 
deep system; class III is characterised by non-occlusive 
venous thrombosis, with more than 50% extension into the 
deep system; class IV includes cases of occlusive DVT of 
the femoral/popliteal veins [43]. Lawrence et al. proposed 
a slightly modified and more detailed EHIT classification 
system based on six stages: class 1 – a  thrombus below 
the superficial epigastric vein, class 2 – a thrombus at the 
level of the superficial epigastric vein, class 3 – a throm-
bus at the level of the femoral vein, class 4 – a thrombus 
bulging into the femoral vein, class 5 – a thrombus beyond 
the saphenopopliteal junction adjacent to the wall of the 
common femoral vein, and class 6 – femoral vein throm-
bosis [38]. 

Because most cases of EHIT remain asymptomatic 
with a very low rate of progression, heat-induced throm-
bosis seems to be different from typical superficial throm-
boses unrelated to invasive treatment. The natural history 
of endovenous heat-induced thrombosis and the possibil-
ity of local thrombus retraction, which is supported by 
clinical observations of EHIT patients, are the basis for 
the suggestion that thrombotic sequelae of thermal abla-
tion should be subject to treatment. By contrast with ostial 
thrombus unrelated to endovenous procedures, thermal 
injury to the venous wall and heat-induced thrombosis 
make the thrombus more stable. According to Kabnick, 
clinical and ultrasound-based follow-up without pharma-
cological treatment should be proposed for class I EHIT. 
In class II EHIT, the administration of LMWH with ultra-
sound control until the thrombus resolves to class I EHIT 
(usually 10-14 days) is suggested. When class 3 or 4 EHIT 
is identified, therapeutic anticoagulation is recommend-
ed [38, 42-44]. Short-term LMWH anticoagulation with 
repeated ultrasound scans and follow-up until thrombus 
regression to class I are proposed in certain centres and 
in class III EHIT (for class IV EHIT, a therapeutic DVT 
regimen is suggested) due to the possibility of thrombus 
retraction and regression. The above-mentioned manage-
ment guidelines adapted for the Lawrence classification 
are as follows: for classes 1 and 2 only observation and 
US follow-up are suggested; for class 3 (thrombus up to 
the level of the femoral venous wall) a decision should 
be made according to the surgeon’s judgement, including 
the selection of anticoagulant (LMWH) treatment; for 
classes 4 and 5 anticoagulation with LMWH is proposed; 
and for class 6 a full therapeutic DVT treatment regimen 
is recommended [38]. According to the published out-
comes of the clinical implementation of the above-men-
tioned EHIT management protocol, the stable nature of 
a thrombus, and low progression and embolisation rates 
allow safe treatment of most patients [38, 42-45]. Korep-
ta et al. identified 70 patients with EHIT in a  study of 
4799 ablation procedures. The EHIT patients were treat-

ed with aspirin (Kabnick classes I  and II) and antico-
agulation (Kabnick classes III and IV). In the assessed 
cohort, no thrombus progression in classes III or IV was 
found upon a  repeat US examination. Simultaneously, 
thrombus (EHIT) progression was evident in two patients 
with classes I and II (3%) [44]. The low rate of EHIT pro-
gression is in line with findings reported by other authors. 
Sufian et al. noted EHIT progression in 4.5% of cases 
during follow-up of 201 patients, all of which resolved 
within four weeks (the authors used anticoagulation in 
classes III and IV; cases of class I and II EHIT underwent 
observation). The factors affecting EHIT occurrence in 
this study were a large vein, male sex, and simultaneous 
multiple phlebectomies [37].

Other potential EHIT risk factors have been identi-
fied in the literature as well. Some of the most common-
ly suggested are the size (diameter) of the treated vein, 
proper procedure execution with an appropriate distance 
between the device tip and the SFJ, and preservation of 
the vein washing mechanism (related to the preservation 
of the patency in the superficial epigastric vein and the 
restoration of blood inflow into the saphenous vein) [23, 
29, 37, 46, 47]. 

Sermsathanasawadi et al. have suggested that a vein 
diameter > 10 mm, operative time > 40 min, and a Caprini 
score > 6 may contribute to a higher EHIT rate in patients 
treated with radiofrequency ablation [46]. In the study of 
Rhee et al. EHIT was identified in 4% of cases, includ-
ing 6.4% after endovenous laser ablation and 2.1% after 
radiofrequency ablation [48]. Male gender, CEAP classes  
3-6, a history of prior thrombosis, and Caprini DVT risk 
assessment score were also identified as risk factors for 
EHIT (in the multivariate analysis, Caprini score and 
male gender remained significant). Jacobs et al. reported 
EHIT events with thrombus protrusion into the deep sys-
tem without deep vein occlusion in 4% of cases treated 
with endovenous ablation [25]. The only identified factor 
associated with postprocedural DVT was a previous DVT 
episode. The factors increasing the risk of EHIT were 
male sex, SSV treatment, aspirin use, and factor V Leiden 
deficiency [25]. 

Hicks et al. analysed the role of concomitant phlebec-
tomy and other potential risk factors for EHIT [23]. In 
a group of 299 patients who underwent radiofrequency 
ablation (71% of patients also underwent concomitant 
mini-phlebectomies), an EHIT was identified in 12% of 
cases (including class 1 EHIT in 5%, class 2 in 4%, class 3 
in 1%, and class 4 in 2% of cases). The incidence of EHIT 
was much higher after concomitant mini-phlebectomy 
(14% vs. 6%). In the multivariate analysis, concomi-
tant stab phlebectomy and a history of VTE were inde-
pendently associated with EHIT [23]. Another study sug-
gested pre-treatment coagulation, assessed by D-dimer  
measurement in patients undergoing radiofrequency 
ablation of the great saphenous vein [49]. The authors 
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confirmed a higher rate of thrombotic complications in 
patients with preoperative elevated D-Dimer levels.

Considering a significant number of patients treated 
with endovenous thermal ablation of the small saphenous 
vein, EHIT events may occur in this anatomical loca-
tion. Taking into account the results of research studies, 
Harlander-Locke et al. proposed an EHIT classification 
system dedicated to the small saphenous and popliteal 
vein anatomy [50]. According to this classification, class 
A  describes cases of thrombus extension at least 1 cm 
distally from the popliteal vein, class B defines thrombi 
at the level of the popliteal vein, class C reflects throm-
bus extension beyond the popliteal vein, and class D rep-
resents totally occlusive DVT of the popliteal vein. When 
applying this classification to a  cohort of RF-treated 
patients with small saphenous vein incompetence, Har-
lander-Locke et al. found a thrombus extending into the 
popliteal vein (class C) in 3% of the patients. In all cases, 
thrombus retracted to the level of the saphenopopliteal 
junction after a short course of anticoagulation (none of 
the patients developed DVT – class D). The authors of 
the classification suggest observation as well as clinical 
and ultrasound-supported follow-up in cases of small 
saphenous vein EHIT of classes A and B. In patients with 
class C EHIT, the surgeon’s judgement should be fol-
lowed (anticoagulation or observation). In patients with 
class D EHIT, therapeutic anticoagulation is recommend-
ed [50, 51].

Considering the number of performed procedures, the 
natural history of EHIT, especially in class I and class II, 
and low progression and embolisation rates reported in 
the literature, an interesting discussion can arise regard-
ing cost effectiveness of routine post-procedural ultra-
sound examinations of the lower leg venous system. 
Since the initial introduction of thermal ablation, manda-
tory post-procedural ultrasound examinations have been 
performed in most centres (usually within the first weeks 
after the procedure).

The main goals of ultrasound are to confirm venous 
occlusion and identify EHIT. Some researchers question 
this approach because of the generally unknown time of 
EHIT occurrence and the unclear clinical significance of 
the findings relative to the significant health care costs. 
Ryer et al. investigated 842 patients who underwent 
great saphenous vein endovenous thermal ablation. All 
patients were examined by US one day after the proce-
dure, and 79% of patients had the second examination 
performed one week after the procedure [52]. The EHIT 
events were more likely in patients with prior DVT and 
large great saphenous veins, with 5.1% of cases requiring 
anticoagulant treatment. Interestingly, only 47% of EHIT 
cases were visible in the initial US examination per-
formed 24 hours after the procedure, and 44% of EHIT 
cases were not identified in the first examination but pro-
gressed until EHIT was visible on the second US scan. 
Additionally, late DVT was identified in four patients 

(9%). All of them were diagnosed in another hospital 
and were not identified during the routine examination 
protocol. Based on a United States health care pricelist 
from 2014, the two-ultrasound surveillance algorithm 
was associated with significant health care charges of 
3109 US dollars per delayed VTE event identified. In the 
conclusion of this study, the authors emphasised the high 
cost of the EHIT surveillance program and suggested the 
need for further research to establish cost-effective care 
for patients after thermal ablation treatment [52]. 

Because the natural history of EHIT is poorly defined 
and does not seem to be comparable to unprovoked large 
superficial vein thrombosis, other authors also question 
the necessity of routine US examinations after endo-
venous thermal ablation. In an analysis of endovenous 
ablation of 13,845 treated limbs, Suarez et al. calculated 
the number of tests (ultrasound scans) required to detect 
one case of EHIT/DVT and the total cost of VTE detec-
tion according to Medicare fees in the United States of 
America. The estimated cost related to one case of ultra-
sound-based VTE detection was 14,667 US dollars. The 
authors concluded that the low incidence of EHIT and 
DVT, the unclear clinical significance of ultrasound find-
ings, the mostly benign course of endovenous heat-in-
duced thrombosis, and the high cost of detection of each 
acute case of thrombosis in routine screening should 
incite revision of the universal post-EVA screening pol-
icy [53]. 

There is no standardised follow-up protocol dedicat-
ed to patients with EHIT or DVT after phlebectomies 
and minimally invasive treatment. In most reported 
cases, the diagnosis of DVT has been based on clini-
cal assessment. In patients undergoing open varicose 
vein procedures, a DVT rate of 0.15% to 5.3% can be 
expected, which is much higher than that reported in 
prospective ultrasound-based follow-up after varicose 
vein surgery [7]. The reported rate of DVT in patients 
undergoing thermal ablation does not appear to exceed 
1%, but the above-mentioned thrombotic complica-
tions (EHIT) should be taken into account. Consider-
ing the low rate of clinically significant DVT, a routine 
US screening protocol is probably not justifiable from 
clinical and economical points of view in varicose vein 
patients undergoing open surgical treatment. The general 
risk of DVT in patients after thermal ablation seems to 
be even lower, but some thrombotic cases can be related 
to procedure-specific complications, such as EHIT, thus 
justifying the postoperative US-based approach, at least 
theoretically. The policy of routine postoperative US 
screening in patients undergoing thermal ablation is now 
questioned by many researchers due to the mostly benign 
nature of EHIT, its low clinical significance, low rate of 
progression, and significant costs of such a protocol. In 
most patients, EHIT progression to clinically significant 
VTE is not expected. Further research focussing on EHIT 
and preoperative DVT risk factors is needed to proper-
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ly identify patients who will require the postprocedural 
US screening. Some of these factors have already been 
identified in studies, but the limited knowledge regarding 
EHIT and its potential sequelae warrants further research 
in this field, to develop an effective screening protocol.

Venous thromboembolism prophylaxis 
after varicose vein surgery and 
thermal ablation 

Despite the reports about thrombotic complications 
after varicose vein surgery and minimally invasive pro-
cedures, a  properly defined protocol for VTE prophy-
laxis is still needed. The variety of procedures, variable 
disease progression, differences in patient-related VTE 
risk factors, the type of anaesthesia, and ambulation time 
render this patient population very non-homogeneous. 
Other significant problems related to the development of 
a VTE prophylaxis protocol involve the lack of an appro-
priate VTE risk evaluation model dedicated to varicose 
vein patients treated invasively and the limited number 
of clinical studies on VTE prophylaxis in this popula-
tion. According to the ACCP guidelines, risk evaluation 
should be performed in all patients undergoing invasive 
and non-invasive procedures, and this risk evaluation 
should be followed by appropriate antithrombotic pro-
phylaxis (adjusted to the estimated VTE risk) [54]. As 
mentioned before, risk evaluation should concern not 
only the treatment modality but also patient-dependent 
risk factors. According to the ACCP document, there 
is no need for routine thromboprophylaxis in vascular 
surgery patients, but this does not exclude the need for 
antithrombotic prophylaxis in patients with clinically 
significant VTE risk factors [10, 54]. In the ACCP doc-
ument and in most other guidelines, no special protocols 
or advice concerning varicose vein patients can be found 
[54]. According to the ACCP guidelines, low-risk, mod-
erate-risk, and even high-risk and very high-risk gener-
al surgery patients are candidates for prophylaxis. Most 
varicose vein procedures are considered low- or moder-
ate-risk surgeries, but in some cases, VTE risk factors 
can significantly elevate this risk, categorising patients 
into high-risk and even very high-risk groups. Properly 
defined risk stratification is therefore crucial for sufficient 
risk evaluation. Unfortunately, no clinically validated 
protocol dedicated to varicose vein patients undergoing 
chronic venous disease treatment has been established. 
The Caprini scale, which is commonly used for surgical 
patients, has only been validated in some populations, 
such as intensive care patients, surgical patients and those 
undergoing plastic surgery [54-57], but not for patients 
undergoing varicose vein surgery or receiving minimally 
invasive treatment for chronic venous disease. As men-
tioned before, according to the study of Rhee et al., the 
Caprini risk score should be considered in the EHIT risk 
assessment [48]. In this study on thermal ablation, an ele-

vated Caprini score reflected higher likelihood of EHIT 
occurrence. Considering this result, further research on 
Caprini score validation and the implementation of other 
population-specific scales seems clinically justifiable and 
urgently needed. For an optimal prophylaxis algorithm in 
patients undergoing varicose vein surgery and minimally 
invasive treatment, individualised VTE risk stratification 
should be proposed. Despite the above-mentioned diffi-
culties of objective risk evaluation, both the procedure- 
and patient-related factors should be considered. The 
short duration and often minimally invasive character 
of procedures, rapid mobilisation and ambulation, and 
the use of compression represent significant factors that 
may contribute to a low VTE risk in the absence of other 
significant VTE risk factors. In other patients, including 
those requiring extended surgical intervention, general or 
spinal anaesthesia, or in those with thrombosis risk fac-
tors, immobilised and with comorbidities, a significantly 
higher risk of VTE can be expected, and the assessment 
of these cases should be individualised. 

The number and quality of studies addressing inva-
sive treatment of varicose veins and focusing on pharma-
cological thromboprophylaxis are very limited, and their 
results are inconclusive. In a randomised controlled trial, 
San Norberto García et al. prospectively randomised 262 
moderate-risk patients undergoing varicose vein surgery 
to a group receiving LMWH (bemiparin) at a prophylac-
tic dose for 10 days postoperatively with other standard 
methods (compression, early ambulation) or to a group 
managed in the standard way only [58]. The primary 
study endpoint was the composite of DVT (symptomatic 
or asymptomatic) detected by bilateral duplex scanning. 
In the study, no cases of DVT and no clinical cases of PE, 
death, or major bleeding were found in any of the groups. 
The authors suggested that the LMWH routine for periop-
erative DVT prophylaxis in moderate-risk patients under-
going varicose vein surgery and in patients with postop-
erative compression and early ambulation is unnecessary 
[58]. Enoch et al. evaluated a group of 2186 patients with 
no prior history of VTE episodes, undergoing varicose 
vein surgery. The authors adjusted pharmacological pro-
phylaxis to the presence of DVT risk factors. A total of 
four clinically symptomatic VTE episodes occurred in 
1283 patients receiving prophylaxis due to pre-existing 
risk factors [59]. In a group of 2196 patients undergoing 
high ligation and stripping of the GSV, Wang used four 
different VTE prophylaxis approaches: A – no pharma-
cological VTE prophylaxis, B – subcutaneous low-dose 
unfractionated heparin (LDUH) in three divided doses, 
C – LMWH 6000 IU once daily, and D – LMWH 4000 
IU twice daily. The postoperative DVT and PE incidence 
was significantly higher in group A  (DVT 5.17%, PE 
1.48%) compared to groups B (0.56%, 0%), C (0.35%, 
0%), and D (0.36%, 0%). No differences were observed 
between groups B, C, and D in terms of DVT occurrence. 
The incidence of haemorrhagic complications was gener-
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ally low in each group but was higher in group B (0.75%) 
compared to the other groups. The authors concluded that 
postoperative VTE thromboprophylaxis following high 
ligation and GSV stripping effectively reduces venous 
thrombosis complications [60]. In another prospective 
randomised study, 48 women received LMWH prophy-
laxis two days after surgery and 45 women received 
LMWH within seven days of surgery [61]. However, no 
significant difference in DVT rates was observed (five 
DVT cases documented in US – 4.65%, including two 
in the short prophylaxis group and three in the prolonged 
prophylaxis group). Despite prolonged prophylaxis, no 
improvement in the DVT rate was found [61].

A  protocol to decrease the risk and occurrence of 
DVT after varicose vein surgery was also proposed by 
Frings et al. [62]. It included a reduction in the duration 
of the procedure to 45 minutes, limitation in the use of 
local anaesthesia, rapid mobilisation, and the use of hep-
arin/LMWH [62]. If more time is required to complete 
a procedure, then a staged approach should be used, with 
the second procedure performed one day after the initial 
procedure or within two days of the initial procedure. All 
2805 patients were imaged before discharge and 79% 
returned for follow-up after three months, but only one 
patient (0.03%) presented with femoropopliteal DVT.

To summarise the data regarding perioperative pro-
phylaxis in patients undergoing varicose vein surgery, no 
consensus exists in terms of indications or the duration 
for pharmacological prophylaxis in this clinical setting. 
As mentioned before, the very non-homogeneous patient 
group in terms of the type of procedure and individual 
VTE risk factors, as well as the lack of properly designed 
trials, do not allow final conclusions to be drawn concern-
ing a proper prophylaxis protocol. Similarly, minimally 
invasive treatment of varicose veins, including thermal 
ablation, does not have a dedicated follow-up protocol for 
the same reasons. Patients at risk for VTE should receive 
active antithrombotic pharmacological prophylaxis, but 
further research in this field is urgently needed. In most 
cases, an individualised approach with an individual risk 
assessment should be proposed, but there is probably no 
need for routine and obligatory pharmacological prophy-
laxis in all patients undergoing varicose vein treatment. 
However, patients at risk for VTE should be candidates 
for active antithrombotic prophylaxis based on general 
rules adjusted to the VTE risk level as proposed in the 
ACCP document and in other guidelines. Of course, rap-
id mobilisation, ambulation, and compression remain the 
most important mechanical antithrombotic prophylaxis 
measures for varicose vein patients. Due to the lack of 
prospective studies with new anticoagulant drugs in this 
setting, LMWH remains the drug of choice for pharma-
cological prophylaxis in this group. Some confirmation 
of this proposed approach can be found in the literature. 
In a  results survey performed among members of the 
vascular surgical society of Great Britain and Ireland, 

Campbell and Ridler described the routine use of phar-
macological prophylaxis of thromboembolism in 12% of 
all cases, but prophylaxis implementation based on risk 
stratification was reported in 71% of cases [13]. Shabbir 
et al. performed a study among consultant general sur-
geons in Ireland regarding LMWH prophylaxis in outpa-
tient surgery, including patients undergoing varicose vein 
surgery. Fifty-nine per cent of all respondents reported 
that they stratified patients according to individual VTE 
risk [63].

Conclusions
Despite the minimally invasive nature of varicose 

vein treatment for chronic venous disease, patients are 
still at risk of VTE. Due to the lack of properly designed 
clinical trials and non-homogeneity of patients undergo-
ing surgical and minimally invasive treatment of varicose 
veins, individual VTE risk-adjusted thromboprophylaxis 
regimens, together with early mobilisation and ambula-
tion, should be proposed. 

The authors declare no conflict of interest.
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