
Citation: Matei, S.-C.; Matei, M.;

Anghel, F.M.; Murariu, M.-S.; Olariu,

S. Cryostripping—A Safe and

Efficient Alternative Procedure in

Chronic Venous Disease Treatment. J.

Clin. Med. 2022, 11, 5028. https://

doi.org/10.3390/jcm11175028

Academic Editors: Vanessa Bianconi

and Paolo P. Prandoni

Received: 27 June 2022

Accepted: 24 August 2022

Published: 27 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Cryostripping—A Safe and Efficient Alternative Procedure in
Chronic Venous Disease Treatment
Sergiu-Ciprian Matei 1,2 , Mervat Matei 1, Flavia Medana Anghel 1, Marius-Sorin Murariu 1,2,*
and Sorin Olariu 1,2

1 Department X of Surgery, “Victor Babes, ” University of Medicine and Pharmacy Timis, oara, Eftimie Murgu Sq.
No. 2, 300041 Timis, oara, Romania

2 1st Surgical Clinic, “Pius Brînzeu” University Clinical Hospital Timis, oara, Liviu Rebreanu Boulevard No. 156,
300723 Timis, oara, Romania

* Correspondence: murariu.marius@umft.ro; Tel.: +40-723-622-773

Abstract: Objective: The presentation of cryostripping as an alternative procedure useful in venous
insufficiency treatment. Methods: This retrospective study presents the results of 1087 operated
patients, including follow-ups. Cryostripping was practised in all mentioned cases. Patient follow-up
was performed at one week, one month, and six months postoperatively by clinical examination,
Doppler ultrasonography, CIVIQ-20 and r-VCSS questionnaires. Outcomes, complications, surgery
and hospitalisation period, and benefits of the method were analysed. Results: Generally, good
functional and aesthetic outcomes defined by clinical symptom remission, absence of insufficient veins
on Doppler ultrasonography, QoL and r-VCSS improvement (p < 0.001) were obtained. Complications
included bruising ø < 2 cm (32.38%), haematoma (8.92%), saphenous nerve injury (3.49%), deep
vein thrombosis (0.18%). Recurrence was noted in 2.94% cases. Mean duration of procedure was
42 ± 12.5 min, mean duration of hospitalisation was 1.05 ± 0.36 days. Compared to high ligation and
conventional stripping, the postoperative complications were reduced; compared to other minimally
invasive procedures, the costs were reduced. Conclusions: Cryostripping seems to combine the
radicality and efficacy of the stripping technique with the cosmetic advantage of the endothermal
procedures, being an effective therapeutic method perfectly adapted to the economic conditions of
middle-income countries health system. It is also suitable as day-case surgery.

Keywords: chronic venous disease; chronic venous insufficiency; cryostripping; minimally invasive
venous surgery; endovenous procedures

1. Introduction

Chronic venous disease (CVD) is a prevalent condition with global spread. The
prevalence of CVD is highest in Western countries. More recent epidemiological studies of
venous diseases in which the CEAP classification was used show a prevalence of 60–70%
CEAP clinical class C0 and C1, about 25% for C2 and C3 and up to 5% for C4 to C6 with skin
changes or venous ulcers. The incidence of varicose veins is approximately 2% per year [1,2].
Patients initially seek treatment to relieve symptoms of leg pain, discomfort, heaviness,
and swelling, all of which impact their quality of life [1]. The modern surgical approach to
varicose veins treatment is represented by venous reflux surgery. Whether dealing with
a truncal or tributary reflux, it should be interrupted in order to prevent complications.
The insufficient veins must be occluded or removed. A significant percentage of patients
with CVD require surgical vein ablation as a therapeutic method [3]. Stripping operations
and the less invasive endovenous thermal ablation have shown comparable results in
saphenous vein insufficiency treatment [4]. However, endovenous ablation for CVD
treatment is recommended over traditional surgery [5]. Surgical procedures have been
diversified. In addition to classic stripping, endothermal and cryostripping methods have
been developed.
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Cryostripping is a minimally invasive surgical method used in varicose vein ablation,
and is an effective and safe treatment modality in terms of postoperative complications,
cosmetic results, and recurrence [6]. Curing varicose veins by cryostripping was practised
for the first time in 1987, and since 1990 it has been successfully used in some phlebological
centres in Germany. Although the technique of vein removal with a cryoprobe is simple,
it is not widely practised [7]. Even though some studies have claimed that patients may
prefer endovenous laser ablation because it is less painful and possesses low postopera-
tive morbidity, in addition to offering a quicker return to normal activity [8], outpatient
cryostripping is less costly and seems to be more effective [9]. The clinical outcomes of
cryostripping are not inferior to those of endovenous laser ablation. Further, considering
its cost effectiveness, cryostripping is a safe and feasible method for chronic venous disease
treatment [10].

The objective of this study is to assess the efficacy and safety of this surgical technique,
cryostripping, on the basis of an analysis of patient management, complications, clinical
and economic implications.

2. Materials and Methods

This retrospective study analysed a series of parameters for patients suffering from
CVD, which were operated in our Phlebology Department between September 2013 and
September 2021. Cryostripping was introduced in the 1st Surgical Clinic, Phlebology
Department of the “Pius Brînzeu” University Clinical Hospital Timis, oara in September
2013. A total of 1250 patients were operated during the time period defined for this
study. We included in the study group only those patients that came for clinical re-
evaluations and for whom we had a follow-up of at least six months. A total of 1087 patients
(1182 operated limbs) were admitted to the study (163 patients were not included due to
the lack of or insufficient period of follow-up).

All patients were evaluated by duplex ultrasound before surgery. To highlight the
venous reflux, we used a GE Healthcare Venue40 Doppler ultrasound, with a 12L-SC trans-
ducer, with all ultrasound examinations being performed by the same team of physicians.
The “pulse-wave” Doppler examination showed the reflux at the ostium level in the cases
of great saphenous vein (GSV) and small saphenous vein (SSV) by the Valsalva manoeuvre
performed in the orthostatic position.

As a therapeutic intervention, cryostripping was practised in all those cases. Regional
(spinal) or general (laryngeal mask) anaesthesia were preferred as the anaesthetic method,
due to good intraoperative comfort and early postoperative mobilisation. The principle
of cryostripping consists of venous catheterisation with a special probe that is cooled to
−85 ◦C, causing it to adhere well to the vein, thus enabling its removal. In technical
terms, the surgery begins by crossectomy. The ligation and section of the saphenous
vein cross is practised at the entrance to the femoral vein. Distal vein catheterisation
is performed then, retrograde from thigh to the lower leg in case of GSV and from the
popliteal fossa to the malleolus, in the case of SSV. The probe is smooth and sustained
by light calf flexion and extension movements on the thigh, and it can be easily inserted
even if the saphenous vein path is tortuous. Connecting the probe to the ERBOKRYO
device, cooling is carried out to −85 ◦C using liquid nitrogen. When the vein adheres to
the probe, it is extracted by repeated traction at every 4–5 s, which is the time needed for
the probe to cool. The complete removal of the insufficient vein takes about 45–60 s. When
necessary, phlebectomies were additionally performed through skin punctures, using a
Varady hook. In the case of small-calibre vessels, other sclerotherapy procedures were
practised, to occlude them (especially polidocanol sclerotherapy). Compression stockings
and phlebotonic medication were recommended in all cases after the procedure.

For the patients that underwent outpatient antiplatelet drug treatment for various
other associated pathologies, we replaced this with low-molecular-weight heparins for
one week prior to the elective surgery and for five days after it. The heparin dose was
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established on the basis of the cardiologist’s examination; dalteparin 5000 IU once per day,
with subcutaneous injection being used in most of the cases.

Patients were evaluated by clinical examination and duplex ultrasound at seven days,
one month, and six months postoperatively. The clinical examination evaluated the signs
of remaining varicose veins, the presence of possible local complications, surgical wound
healing, and specific CVD symptoms. Both residual healthy superficial veins and deep
veins were evaluated by ultrasound. Quality of Life (QoL: Chronic Venous Insufficiency
Questionnaire—CIVIQ-20) and revised Venous Clinical Severity Score (r-VCSS) were also
evaluated before the procedure, and one month and six months after.

Outcomes (clinical signs, Doppler ultrasonography, QoL, r-VCSS), complications,
surgery and hospitalisation period, associated postoperative drug treatment, and the
benefits of the method from clinical and economical points of view were analysed.

All data were entered into a Microsoft Excel spreadsheet (Microsoft, Bellevue, WA,
USA). Data are reported in the text as mean with two decimal places or mean ± standard
deviation of the mean. For the statistical analysis we used the Data Analysis module
and the statistical tests. We analysed the normality distribution of variables using the
Kolmogorov–Smirnov test, and for the comparative statistical analysis we used Student’s
t test. The Kaplan–Meyer method with the log-rank test (Mantel–Cox) was applied to
evaluate the occurrence of recurrence. A p value threshold below 0.05 was considered for
statistical significance.

3. Results

The study group comprised 756 female and 331 male patients. The age range was
between 19 and 87 years old, the mean age being 48.53 ± 12.17 years (median 48). Mean
body mass index (BMI) was 28.6 ± 4.43 (median 28.6), the range being 19.7–40.02. Regarding
CEAP classification, the enrolled patients were in all stages of the disease in which venous
reflux is encountered, as follows: 864 patients (79.48%) in C2 and C3 stages, 164 patients
(15.08%) in C4 stage, 59 patients (5.42%) in C5 and C6 stages.

Venous reflux was found at GSV level in 958 cases, at SSV level in 91 cases, and both
major superficial venous trunks (GSV and SSV) were insufficient in 38 cases.

Clinical signs and symptoms of CVD (visible varicose veins, inflammation, pain, and
oedema) improved significantly from the baseline at each follow-up in 1047 cases (96.32%),
according to the clinical examination practised postoperatively by the physician. Absence
of reflux or thrombosis with normal blood flow were noted in 1080 cases (99.35%). No
cosmetic issues from remaining varicose veins, iatrogenic skin lesions or keloid scars were
noticed. Analysing questionnaire results, highly significant statistical differences were
noted for both CIVIQ-20 and r-VCSS when comparing the baseline with results at one
month and six months (p < 0.001). However, the scores (one or both) were not improved in
28 cases (2.57%). Score results are presented in Figure 1.

Several short-term complications were noticed. Regarding short-term complications,
we encountered bruising (ø < 2 cm) in 352 cases (32.38%), postoperative haematoma in
22 cases (2.02%), deep vein thrombosis (DVT) in two cases (0.18%) with onset on the fifth
or sixth postoperative day, paraesthesia due to saphenous nerve injury remitted in less
than six months (mean period 2.4 ± 0.9 months) in 37 cases (3.4%).

The average duration of the interventions was 42 ± 12.5 min, depending on the
number of varicose collateral/perforating vessels. The time necessary for crossectomy,
collaterals ligation and saphenous vein cryostripping varied between 15 and 35 min, surgery
time being prolonged in cases of increased number of other varicose veins having to be
occluded/removed.
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study group.

Mobilisation after surgery was early, according to the practised anaesthesia (1–2 h
for general and 3–5 h for regional). We did not encounter significant complications of
anaesthesia: transitory urination disturbances in 25 cases (2.29%), nausea or vomiting
in 41 cases (3.77%), transient arterial hypotension in two cases (0.18%). Although the
possibility of performing the surgery under local anaesthesia +/− tumescent anaesthesia
has also been described in literature, we did not practise this method, considering that it is
not so comfortable for the patient, and the costs are not significantly reduced compared to
the anaesthetic methods that we used.

Hospitalisation period was calculated in days (≤ 24 h—one day; 24–48 h—two days;
48–72 h—three days, etc.). The mean hospitalisation period was 1.05 ± 0.36 days (median
1, range 1–5), patients being discharged the same day or the next day after the surgery in
most of the cases. The cases in which was necessary a longer than one day hospitalisation
time were due a better control of the postoperative pain, or for the observation of other
associated comorbidities or risks.

Regarding postoperative medication, the main aim was pain control and prevention
of thrombotic events. We used nonsteroidal anti-inflammatory drugs such as metami-
zole or ketoprofen for a two-day mean period in 1066 cases with good results. Subse-
quently, the analgesic medication was adjusted and administered according to the af-
firmative pain symptomatology of each patient. In 21 cases (1.93%), other medication
associations were necessary, as follows: metamizole/ibuprofen in 16 cases (1.47%), metami-
zole/acetaminophen in four cases (0.36%), metamizole/nefopam hydrochloride in one
case (0.09%). After those two cases with complications of deep vein thrombosis, for pa-
tients at risk we considered low-molecular-weight heparins (subcutaneous injection) to
be recommended for several days after the procedure; no blood clot complications were
encountered then.

Regarding long-term complications, in one case (0.09%), we encountered paraesthesia
due to saphenous nerve injury persisting after six months. We did not encounter other side
effects, severe complications, or death. Recurrence (new varicosities that were evident at
clinical examination or venous reflux present on ultrasound) was observed in 32 patients.
Of these, five (0.45%) had recurrences at six months, eight (0.83%) at 12 months, and
19 (1.74%) at 18 months or more. The success rate of the cryostripping procedure seems
to be higher than 97% in the early term and mid term, and about 92.14% after five years
(we have a five-year follow-up only for 407 cases; a two-year follow-up for 928 cases, and a
one-year follow-up for 1012 cases—unpublished data).
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The frequency of recurrence was statistically significantly influenced by the gender
of the patients and CVD stage (p < 0.001). Obesity and age category did not influence
recurrence p = 0.067, p = 0.982. Results are presented in Figures 2 and 3.
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The costs of the materials (liquid nitrogen, single-use supplies, medication, sutures,
steri-strips, dressings) are around EUR 52 ± 10 per surgery. Considering the price of
the cryo-device, probes (which can be re-sterilised and are reusable), hospitalisation and
labour (surgical and anaesthesiological team), the cost of a surgery rises to about EUR
800 ± 250 per surgery.

4. Discussion

For many years, conventional stripping was considered the standard procedure for
GSV insufficiency treatment, with this procedure nowadays being recommended only
for a minority of patients with specific anatomical pathologies, as well as in countries
with limited health and economical resources [10–12]. Despite this, because the concept
of crossectomy and stripping has proved to be highly effective and has become the basic
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principle in varicose vein insufficiency surgery, all other minimally invasive therapeutic
techniques that have been developed in the last decades have had to compete with crossec-
tomy and stripping. In western industrialised countries, due their technical development,
the classic stripping procedure has been replaced with highly effective, minimally invasive
procedures [11]. Cryostripping, endovenous laser therapy (EVLT), radio-frequency abla-
tion, VenaSeal and ultrasound-guided foam sclerotherapy have been developed. Among
them, both cryostripping and laser therapy have been reported to be less traumatic, with
lower rates of complications and recurrences when compared to conventional stripping [10].
Cryostripping respects all the principles of venous insufficiency surgery, bringing the addi-
tional advantage of a minimally invasive approach compared to the conventional procedure,
such as the reduced dimensions of the groin fold incision because of the small diameter
of the probe, the fact that there is no need for contralateral or other incisions because the
freezing probe has a very strong adhesion, short execution time, and reduced complication
rate [13]. A percutaneously guided probe approach has also been described [7], but we
have not used this method.

Follow-up results were quantified by clinical examination, duplex ultrasound, and
CIVIQ-20 and r-VCSS questionnaires. CIVIQ-20 and r-VCSS have been validated for the
assessment of treatment effects for CVD patients in multinational studies, too [14,15].
Regarding our results, cryostripping is an effective procedure, with good outcomes gen-
erally being registered. However, several complications have been noticed. According
to literature, complications after this procedure may vary from postoperative pain, skin
pigmentation, bruising, haematoma, lymphatic complications (lymphoedema), cellulitis,
superficial thrombophlebitis, wound infection, deep vein thrombosis, and cutaneous nerve
damage with paraesthesia [6,16,17]. Postoperative pain and bruising are the major short-
term side effects reported, and may appear after EVLT, as well [18]. We did not encounter
cellulitis, superficial thrombophlebitis, wound infection, seroma or lymphoedema. Compar-
ing our data to a previous study [6], bruising (32.38% vs. 64.9%) and haematomas (2.02% vs.
2.3%) were observed in a lower percentage. An explanation for this may be the conversion
of antiplatelet drug treatment to heparins in the cases which undergone outpatient an-
tiplatelet drug treatment. All those cases I nwhich subcutaneous haematic collections were
developed were successfully treated conservatively or by needle aspiration; no additional
incisions for drainage were necessary. We also used elastic bandages immediately after the
surgery; after 24 h they were removed and replaced with compression stockings. When
possible, compression (by elastic stockings or wraps) should be applied after surgical or
thermal procedures [19], their role in complications prevention being acknowledged [20].
Superficial nerve injuries are very common during venous insufficiency classic surgery [21].
Even if this complication rate decreases greatly when minimally invasive procedures are
used, nerve injury remains a risk with thermal ablation or cryostripping, too. In cases
where it does occur, the injury tends to be transient [22]. We encountered this complication
in a small percentage of cases (3.49%), with conservative treatment bringing good results
in most of them. Regarding the other complications that we encountered, our results are
similar to those found in the literature data [8,23,24]. Major adverse events like pulmonary
embolisms could appear after minimally invasive procedures. The literature data describe
this as a very rare complication (0.02%) that may occur after endovascular radiofrequency
ablation [25]. We did not encounter any severe complications in our study group.

Because cryostripping is a radical procedure and the insufficient veins are removed,
the recurrence risk by recanalisation is null. The causes of recurrence of varicose veins
after various procedures are different, which has important implications for treatment [26].
Unlike endovenous procedures, where recurrence may happen due to recanalisation in most
cases [10,27], recurrence after cryostripping is due to neovascular vessels, new varicose
veins as a consequence of disease progression or residual/untreated veins. Comparing the
procedure type, the frequency of recurrences is uncertain. While some studies conclude that,
at a five-year follow-up, a significantly higher varicose vein recurrence rate appeared after
EVLA compared to surgery [28–30], some papers claim that recurrence was comparable
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between those techniques within a period of three years and after five years [31,32], and
no significant difference was determined regarding the recurrence rate in the comparison
of radiofrequency ablation to surgery or endovenous laser therapy [33]. Comparing our
data with respect to recurrence rate to another recent study presenting GSV stripping, the
results are quite similar [34]. Comparing our data with other studies that present EVLT,
the results regarding mid-term recurrence are quite similar, too, but there are differences
between cryostripping and EVLT results regarding long-term recurrence. According to
the literature data, occlusion rate in endovenous laser therapy was about 95–99.5% in the
early term and mid term, and between 64% and 95% after five years [10,27,28,32]. From
this point of view, cryostripping may be a more effective procedure.

Analysing the duration of the procedure, our results are comparable to those of other
studies [6,16]. The procedure duration may vary regarding several aspects like the number
of collateral veins which have to be treated, patient constitution (height, weight, body-
mass index), and surgical team experience. Overall, cryostripping is not a time-consuming
procedure. Because mobilisation after surgery is early, and recovery and social reintegration
are fast, the intervention is perfectly suitable as a day-case surgery [35]. However, it should
be noted that unlike other endovenous procedures, the patient needs to be monitored for at
least a few hours after surgery due to the performed anaesthesia. This requires adequate
space, equipment, and qualified medical personnel.

Skin burns are a potential complication of thermic endovenous procedures that may
appear in a small percentage of cases [36]. Aesthetically, unlike endothermal procedures,
the cryostripping avoids skin thermal injury which may provide a bad result. No skin
lesions resulted from vein ablation when withdrawing the probe. The incision may be
considered a disadvantage of this method from an aesthetic point of view, but we did not
encounter keloid scars. Additionally, because the incision is placed in the groin fold or in
the popliteal fossa, the scar is not evident.

Cost-effectiveness analyses of current varicose vein treatments have been described in
various studies. The results differ, depending on several aspects. While some references
suggest that EVLA is the most cost-effective therapeutically, and that it should be considered
the treatment of choice for suitable patients [37,38], others convey that radiofrequency
ablation is the treatment with the highest median rank for net benefit, with mechano-
chemical ablation second, EVLA third, high-ligation surgery fourth, cyanoacrylate glue
occlusion fifth, and conservative care and ultrasound-guided foam sclerotherapy sixth [39].
The main aspect influencing these analyses is the economic level of the countries where
the studies were conducted, followed by clinical and economic evidence, characteristics
of patients, disease or treatment, and contextual factors potentially affecting decision-
making [40]. Although high-ligation and stripping procedures are not at the forefront
of cost-effectiveness analysis, our results confirm the effectiveness of the cryostripping
method and its low cost. Additionally, some studies conducted by Disselhoff revealed that
EVLA and cryostripping were similarly effective in patients with varicose veins. In terms
of cost per quality-adjusted life year gained, outpatient cryostripping appeared to be the
dominant strategy, but endovenous laser yielded comparable outcomes for an additional
cost [8,9]. One aspect that significantly reduces the cost of the intervention is the fact that
the cryostripping probe is not disposable, unlike radiofrequency and laser fibres, which are
disposable and have a higher cost. Comparing cryostripping to other procedures in practice
like VenaSeal or EVLT, it is much cheaper than those, resulting in a lower complication rate
than the classic stripping, and a higher satisfaction level from patients, too. In our country,
intravenous procedures are not reimbursed by health insurance, and they are practised
only in private clinics. The price ranges generally vary as follow: EVLT EUR 1300–1900;
radio-frequency ablation EUR 1200–2000; VenaSeal EUR 1800. Many patients thus prefer
hospitalisation. This aspect has made cryostripping a popular procedure in our healthcare
system. This procedure is perfectly adapted to the economic conditions of the health system
in middle-income countries, like Romania.
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Considering the results of our study corroborated the discussed literature data, we
can consider the following advantages of cryostripping: high success rate, reduced number
of complications and recurrences, short execution time, the slightest postoperative pain,
good aesthetic results, cost effectiveness, and feasibility as a day-case procedure. The main
disadvantages of this procedure are the necessity for an incision, and spinal or general
anaesthesia. It is appropriate to consider the specific indications and limitations of each of
the techniques [41]. Even if some authors recommend endovenous ablation with laser or
radiofrequency combined with phlebectomies before surgery or foam [42], we consider that
cryostripping may be the indication of choice in venous insufficiency treatment, especially
in the public health system. This is an effective procedure, and it may be indicated in all
cases of valvular insufficiency requiring a saphenectomy (GSV or SSV), all cases with reflux
on collaterals cross or trunks of saphenous veins, in patients with varicose veins and distal
lower limb oedema, and in the case of venous leg ulcers.

5. Conclusions

Cryostripping is an effective therapeutic method that can be used under any circum-
stances. It combines the radicality and efficacy of the stripping technique with minimal
invasiveness and the cosmetic advantage of endothermal procedures, leading to good func-
tional and aesthetic outcomes. Among the advantages of this procedure are high success
rate, reduced number of complications, short execution time and reduced costs, including
the possibility of practicing this procedure as day-case surgery, too. Cryostripping should
be considered among endovenous procedures for saphenous veins incompetence treatment,
especially in middle income countries, due to its economic advantages.

Author Contributions: Conceptualisation S.-C.M.; methodology S.-C.M., M.M., F.M.A. and M.-S.M.;
software F.M.A.; validation S.O.; formal analysis S.O.; investigation S.-C.M., M.M., F.M.A. and
M.-S.M.; resources M.M.; obtaining ethical approval S.-C.M.; data curation S.O.; writing—first draft
of the manuscript S.-C.M.; writing—review and editing F.M.A., M.-S.M. and S.O.; visualisation M.M.,
F.M.A. and M.-S.M.; supervision S.O.; project administration S.-C.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of “Pius Brînzeu” University Clinical Hospital
Timis, oara (REC number: NR.284/15 March 2022).

Informed Consent Statement: The patients signed a written informed consent form, agreeing to the
publication of their medical data and any accompanying images.

Data Availability Statement: The data generated in this study may be requested from the corre-
sponding author.

Acknowledgments: SM is deeply thankful for the access to the database, professional training, and
support, to Sorin Olariu, head of the 1st Surgical Clinic, Phlebology Department of the “Pius Brînzeu”
University Clinical Hospital Timis, oara, which introduced cryostripping for the first time in Romania
on 9 September 2013.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Davies, A.H. The Seriousness of Chronic Venous Disease: A Review of Real-World Evidence. Adv. Ther. 2019, 36 (Suppl. S1), 5–12.

[CrossRef] [PubMed]
2. Rabe, E.; Berboth, G.; Pannier, F. Epidemiologie der chronischen Venenkrankheiten [Epidemiology of chronic venous diseases].

Wien. Med. Wochenschr. 2016, 166, 260–263. [CrossRef] [PubMed]
3. Crawford, J.M.; Gasparis, A.; Amery, S.; Labropoulos, N. Treatment pattern of consecutive patients with chronic venous disease. J.

Vasc. Surg. Venous Lymphat. Disord. 2019, 7, 344–348. [CrossRef] [PubMed]
4. Rabe, E.; Pannier, F. Was ist gesichert in der Therapie der chronischen Veneninsuffizienz? [What is evidence-based in the treatment

of chronic venous insufficiency?]. Internist 2020, 61, 1230–1237. [CrossRef]

http://doi.org/10.1007/s12325-019-0881-7
http://www.ncbi.nlm.nih.gov/pubmed/30758738
http://doi.org/10.1007/s10354-016-0465-y
http://www.ncbi.nlm.nih.gov/pubmed/27277219
http://doi.org/10.1016/j.jvsv.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30442580
http://doi.org/10.1007/s00108-020-00899-6


J. Clin. Med. 2022, 11, 5028 9 of 10

5. Gianesini, S.; Menegatti, E.; Occhionorelli, S.; Grazia Sibilla, M.; Mucignat, M.; Zamboni, P. Segmental saphenous ablation for
chronic venous disease treatment. Phlebology 2021, 36, 63–69. [CrossRef] [PubMed]

6. Kim, K.Y.; Kim, J.W. Early experience of transilluminated cryosurgery for varicose vein with saphenofemoral reflux: Review of 84
patients (131 limbs). Ann. Surg. Treat. Res. 2017, 93, 98–102. [CrossRef]

7. Breuninger, H. Cryostripping of the long saphenous vein with a percutaneously guided probe. Dermatol. Surg. 2001, 27, 545–548.
[CrossRef]

8. Disselhoff, B.C.; der Kinderen, D.J.; Kelder, J.C.; Moll, F.L. Randomized clinical trial comparing endovenous laser with cryostrip-
ping for great saphenous varicose veins. Br. J. Surg. 2008, 95, 1232–1238. [CrossRef]

9. Disselhoff, B.C.; Buskens, E.; Kelder, J.C.; der Kinderen, D.J.; Moll, F.L. Randomised comparison of costs and cost-effectiveness of
cryostripping and endovenous laser ablation for varicose veins: 2-year results. Eur. J. Vasc. Endovasc. Surg. 2009, 37, 357–363.
[CrossRef]

10. Lee, K.H.; Chung, J.H.; Kim, K.T.; Lee, S.H.; Son, H.S.; Jung, J.S.; Kim, H.J.; Lee, S.H. Comparative Study of Cryostripping and
Endovenous Laser Therapy for Varicose Veins: Mid-Term Results. Korean J. Thorac. Cardiovasc. Surg. 2015, 48, 345–350. [CrossRef]

11. Böhler, K. Operative Therapie der Varikose [Surgery of varicose vein insufficiency]. Wien. Med. Wochenschr. 2016, 166, 293–296.
[CrossRef] [PubMed]

12. Pagano, M.; Passaro, G.; Flore, R.; Tondi, P. Inferior selective crossectomy for great saphenous vein incompetence: Our experience.
Vascular 2021, 29, 290–296. [CrossRef] [PubMed]

13. Olariu, S.; Radu, D. The cure of varicose veins by cryostripping. In Proceedings of the 9th International Congress of Central
European Vascular Forum (CEVF), Rome, Italy, 16–18 October 2014; Edizioni Minerva Medica: Turin, Italy, 2015.

14. Launois, R.; Mansilha, A.; Lozano, F. Linguistic validation of the 20 item-chronic venous disease quality-of-life questionnaire
(CIVIQ-20). Phlebology 2014, 29, 484–487. [CrossRef]

15. Vasquez, M.A.; Munschauer, C.E. Venous Clinical Severity Score and quality-of-life assessment tools: Application to vein practice.
Phlebology 2008, 23, 259–275. [CrossRef] [PubMed]

16. Yi, E.J.; Lee, S.H.; Cho, J.H.; Kim, K.T. Early results of cryosurgery in varicose veins in Korea: Safety and feasibility. Korean J.
Thorac. Cardiovasc. Surg. 2012, 45, 155–160. [CrossRef] [PubMed]

17. Disselhoff, B.C.; der Kinderen, D.J.; Moll, F.L. Is there a risk for lymphatic complications after endovenous laser treatment versus
cryostripping of the great saphenous vein? A prospective study. Phlebology 2008, 23, 10–14. [CrossRef]

18. Cavallini, A. Endovenous laser treatment of saphenous veins: Is there clinical difference using different endovenous laser
wavelenghts? Int. Angiol. 2015, 34, 1827–1839.

19. Lurie, F.; Lal, B.K.; Antignani, P.L.; Blebea, J.; Bush, R.; Caprini, J.; Davies, A.; Forrestal, M.; Jacobowitz, G.; Kalodiki, E.; et al.
Compression therapy after invasive treatment of superficial veins of the lower extremities: Clinical practice guidelines of the
American Venous Forum, Society for Vascular Surgery, American College of Phlebology, Society for Vascular Medicine, and
International Union of Phlebology. J. Vasc. Surg. Venous Lymphat. Disord. 2019, 7, 17–28. [CrossRef]

20. Cavezzi, A. New Perspectives in Phlebology and Lymphology. J. Clin. Med. 2022, 11, 1902. [CrossRef]
21. De Alvarenga Yoshida, R.; Yoshida, W.B.; Sardenberg, T.; Sobreira, M.L.; Rollo, H.A.; Moura, R. Fibular nerve injury after small

saphenous vein surgery. Ann. Vasc. Surg. 2012, 26, 729.e11–729.e15. [CrossRef]
22. Paravastu, S.C.; Horne, M.; Dodd, P.D. Endovenous ablation therapy (laser or radiofrequency) or foam sclerotherapy versus

conventional surgical repair for short saphenous varicose veins. Cochrane Database Syst. Rev. 2016, 11, CD010878. [CrossRef]
[PubMed]

23. Menyhei, G.; Gyevnár, Z.; Arató, E.; Kelemen, O.; Kollár, L. Conventional stripping versus cryostripping: A prospective
randomised trial to compare improvement in quality of life and complications. Eur. J. Vasc. Endovasc. Surg. 2008, 35, 218–223.
[CrossRef] [PubMed]

24. Asian Society of Vascular Surgery. Asian Society of Vascular Surgery in 2012—Abstracts from Asia. Ann. Vasc. Dis. 2012, 5,
475–510. [CrossRef] [PubMed]

25. Medical Advisory Secretariat. Endovascular radiofrequency ablation for varicose veins: An evidence-based analysis. Ont. Health
Technol. Assess. Ser. 2011, 11, 1–93.

26. O’Donnell, T.F.; Balk, E.M.; Dermody, M.; Tangney, E.; Iafrati, M.D. Recurrence of varicose veins after endovenous ablation of the
great saphenous vein in randomized trials. J. Vasc. Surg. Venous Lymphat. Disord. 2016, 4, 97–105. [CrossRef]

27. Zollmann, M.; Zollmann, C.; Zollmann, P.; Veltman, J.; Cramer, P.; Stüecker, M. Recurrence types 3 years after endovenous
thermal ablation in insufficient saphenofemoral junctions. J. Vasc. Surg. Venous Lymphat. Disord. 2021, 9, 137–145. [CrossRef]

28. Gauw, S.A.; Lawson, J.A.; van Vlijmen-van Keulen, C.J.; Pronk, P.; Gaastra, M.T.; Mooij, M.C. Five-year follow-up of a randomized,
controlled trial comparing saphenofemoral ligation and stripping of the great saphenous vein with endovenous laser ablation
(980 nm) using local tumescent anesthesia. J. Vasc. Surg. 2016, 63, 420–428. [CrossRef]

29. Nesbitt, C.; Eifell, R.K.; Coyne, P.; Badri, H.; Bhattacharya, V.; Stansby, G. Endovenous ablation (radiofrequency and laser) and
foam sclerotherapy versus conventional surgery for great saphenous vein varices. Cochrane Database Syst. Rev. 2011, 10, CD005624.
[CrossRef]

30. Rass, K.; Frings, N.; Glowacki, P.; Gräber, S.; Tilgen, W.; Vogt, T. Same Site Recurrence is More Frequent After Endovenous Laser
Ablation Compared with High Ligation and Stripping of the Great Saphenous Vein: 5 year Results of a Randomized Clinical Trial
(RELACS Study). Eur. J. Vasc. Endovasc. Surg. 2015, 50, 648–656. [CrossRef]

http://doi.org/10.1177/0268355520946238
http://www.ncbi.nlm.nih.gov/pubmed/32746725
http://doi.org/10.4174/astr.2017.93.2.98
http://doi.org/10.1046/j.1524-4725.2001.00194.x
http://doi.org/10.1002/bjs.6351
http://doi.org/10.1016/j.ejvs.2008.11.013
http://doi.org/10.5090/kjtcs.2015.48.5.345
http://doi.org/10.1007/s10354-016-0486-6
http://www.ncbi.nlm.nih.gov/pubmed/27405862
http://doi.org/10.1177/1708538120947251
http://www.ncbi.nlm.nih.gov/pubmed/32772841
http://doi.org/10.1177/0268355513479582
http://doi.org/10.1258/phleb.2008.008018
http://www.ncbi.nlm.nih.gov/pubmed/19029007
http://doi.org/10.5090/kjtcs.2012.45.3.155
http://www.ncbi.nlm.nih.gov/pubmed/22708082
http://doi.org/10.1258/phleb.2007.007015
http://doi.org/10.1016/j.jvsv.2018.10.002
http://doi.org/10.3390/jcm11071902
http://doi.org/10.1016/j.avsg.2011.11.042
http://doi.org/10.1002/14651858.CD010878.pub2
http://www.ncbi.nlm.nih.gov/pubmed/27898181
http://doi.org/10.1016/j.ejvs.2007.08.017
http://www.ncbi.nlm.nih.gov/pubmed/17964821
http://doi.org/10.3400/avd.asvs2012abstracts
http://www.ncbi.nlm.nih.gov/pubmed/23641275
http://doi.org/10.1016/j.jvsv.2014.11.004
http://doi.org/10.1016/j.jvsv.2020.04.021
http://doi.org/10.1016/j.jvs.2015.08.084
http://doi.org/10.1002/14651858.CD005624.pub2
http://doi.org/10.1016/j.ejvs.2015.07.020


J. Clin. Med. 2022, 11, 5028 10 of 10

31. Whing, J.; Nandhra, S.; Nesbitt, C.; Stansby, G. Interventions for great saphenous vein incompetence. Cochrane Database Syst. Rev.
2021, 8, CD005624. [CrossRef]

32. Xenos, E.S.; Bietz, G.; Minion, D.J.; Abedi, N.N.; Sorial, E.E.; Karagiorgos, N.; Endean, E.D. Endoluminal thermal ablation versus
stripping of the saphenous vein: Meta-analysis of recurrence of reflux. Int. J. Angiol. 2009, 18, 75–78. [CrossRef] [PubMed]

33. Kheirelseid, E.A.H.; Crowe, G.; Sehgal, R.; Liakopoulos, D.; Bela, H.; Mulkern, E.; McDonnell, C.; O’Donohoe, M. Systematic
review and meta-analysis of randomized controlled trials evaluating long-term outcomes of endovenous management of lower
extremity varicose veins. J. Vasc. Surg. Venous Lymphat. Disord. 2018, 6, 256–270. [CrossRef]

34. Kusagawa, H.; Ozu, Y.; Inoue, K.; Komada, T.; Katayama, Y. Clinical Results 5 Years after Great Saphenous Vein Stripping. Ann.
Vasc. Dis. 2021, 14, 112–117. [CrossRef] [PubMed]
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