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This study was conducted to determine the feasibility
of cryoperforator surgery in the treatment of incompe-
tent perforating veins. Fifteen patients with C2-C4
varicose disease (according to the Clinical-Etiology-
Anatomy-Pathophysiology classification) were enrolled
in this study. Under local anesthesia, incompetent per-
forating veins were treated with a duplex-guided cry-
oprobe. Duplex scans were performed 2 and 4 weeks
after treatment. Fifteen patients with 28 incompetent
perforating veins were treated with cryoperforator sur-
gery. Distribution of the incompetent perforating veins
was as follows: posterior tibial perforator, 12; paratib-
ial perforator, 11; intergemellar perforator, 1; lateral

leg perforator, 4 (range = 1-5 incompetent perforating
veins per patient). Follow-up showed successful treat-
ment of 12 incompetent perforating veins (43%). This
study showed that cryoperforator surgery is feasible for
treatment of incompetent perforating veins. Higher
success rates could be obtained with our modified
diamond-dust coated cryoprobe. Major advantages are
the treatment in an outpatient setting and the possibility of
treating all incompetent perforating veins, intraluminal
or extraluminal.
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orldwide, chronic venous diseases involve

enormous costs for their treatment.'?

Venous ulcers account for the majority of
morbidity and treatment costs because of the slow
healing and high recurrence rate. Treatment of the
superficial venous system, in combination with dis-
section of incompetent perforating veins (ICPV), is
perceived to be the best treatment for patients with
chronic venous leg ulceration (C6 according to
Clinical-Etiology-Anatomy-Pathophysiology [CEAP]
classification).>*

Improvements in surgical techniques could bring
down costs and result in a higher patient satisfaction.
There are various ways by which the superficial
venous system can be surgically treated, such as clas-
sic stripping, cryostripping, radiofrequency ablation,
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and endovenous laser treatment of the great saphe-
nous vein (GSV) or crossectomy of the small saphe-
nous vein (SSV).

Treatment of venous ulcers in areas above the ankle
due to venous hypertension should involve the dissec-
tion of ICPV in combination with treatment of the
incompetent superficial venous system. The objective of
ICPV dissection is to decrease venous reflux and to
reduce ambulatory venous hypertension. Dissection
of ICPV can be done with subfascial endoscopic per-
forating vein surgery (SEPS), open perforantectomy,
or ultrasound-guided sclerotherapy. Subfascial endo-
scopic perforating vein surgery was first performed by
Dr G. Hauer’ in Germany in 1985. For many vascu-
lar surgeons, it is currently the surgical technique of
choice in treating ICPV.

In inexperienced hands, SEPS can show poor
results because of a challenging learning curve.
Subfascial endoscopic perforating vein surgery is also
known to have other limitations. This technique is
mainly suitable for the treatment of ICPV on the
medial aspect of the lower leg.® The narrow confines
due to compartmental tapering at the ankle have
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proven challenging for SEPS. Ultrasound-guided scle-
rotherapy for treating ICPV showed poor long-term
results in our clinic, and its use is not widespread.

Cryoperforator surgery (CPS) was developed in
our vascular laboratory as a new treatment of dis-
secting ICPV. Cryoperforator surgery is a minimal-
invasive technique, which provides unlimited access
to all ICPV regardless of their location and can be
performed under local anesthesia. In this article, we
describe our study regarding the feasibility of CPS in
treating ICPV.

Methods

Over a period of 6 months, 15 patients with C2-C4
varicose veins (according to the CEAP classifica-
tion) were enrolled in this study. An informed con-
sent was obtained from all patients before surgery. A
prospective registry of preoperative and postopera-
tive duplex scans was created. During the duplex
scan, incompetence or obliteration of the ICPV was
noted, indicating the success of the treatment.
Cryoperforator surgery was applied in patients with
clinical complaints of chronic venous disease such
as pain, fatigue, and heavy feeling of the leg. All
patients had a competent deep venous system, and
their superficial venous system was either competent
or already treated. Therefore, the venous complaints
could only be due to ICPV. Contraindications to par-
ticipate in this study were peripheral arterial disease
(ankle brachial index <0.9), GSV or SSV incompe-
tence, and incompetence or occlusion of the deep
venous system. Because the effects of CPS in the
proximity of a venous (healed) ulcer were uncertain,
avoiding every risk, patients with C5 and Cé6 vari-
cose veins were not enrolled in this study.

Duplex Scanning

Before treatment, all ICPV were identified and ink-
marked on the skin, using a duplex ultrasound with an
ATL 5000 scanner (Advanced Technology Laboratories,
Bothel, Washington) using a 5- to 12-MHz linear array
transducer. Incompetence was defined when perfora-
tor reflux times exceeded 0.35 seconds.”

Operation

The operation was performed under local anesthesia
(1% lidocaine). The ICPV were approached percuta-
neously, placing a 14-gauge cannula (Venflon; BD

Medical, Swindon, United Kingdom) at the fascia
defect under duplex ultrasound guidance. The can-
nula could be placed intraluminal or extraluminal
small-diameter ICPV. The cryoprobe (Erbe, Tiibingen,
Germany), with a diameter of 1.6 mm, was intro-
duced through the cannula and frozen for 15 sec-
onds at —89°C (liquid nitrous oxide, N,O). During
the freezing, an ice cone was formed at the tip of the
cryoprobe. The ICPV was freeze-attached to the ice
cone, and dissection was obtained by withdrawing
the probe vigorously. Treatment was considered suc-
cessful perioperative when ICPV showed no signs of
flow despite augmentation on the duplex scan. A
compression bandage was applied in all patients and
they were discharged 1 hour after the operation.
Follow-up duplex scans were performed 2, 4, and 20
weeks after treatment. Total follow-up for all
patients was 20 weeks.

Results

Patients consisted of 3 men and 12 women with a
median age of 55 years (range, 22-76 years) and
complaints of chronic venous disease. There was no
comorbidity.

Preoperative duplex scanning showed 28 ICPV
in 15 patients. All ICPV were treated with CPS.
Distribution of the ICPV was as follows: posterior
tibial perforator, 12; paratibial perforator, 11;
intergemellar perforator, 1; lateral leg perforator, 4
(range, 1-5 per patient). The diameter (median) of
the fascia defect was 2.8 mm (range, 1.8-6.8 mm)
and depth (median) of the fascia defect was 10.4 mm
(range, 3.7-22.0 mm). Perioperative duplex showed
no signs of flow in all treated ICPV. Follow-up
duplex after 2, 4, and 20 weeks showed successful
treatment in 12 perforating veins (43%; Table 1).

Distribution of perforating veins in successful
treatment: posterior tibial perforator, 4; paratibial
perforator, 6; intergemellar perforator, 0; lateral leg
perforator, 2.

There were no perioperative complications. Five
patients developed a small hematoma on the leg,
which healed within 2 weeks. All patients completed
the follow-up period.

Discussion

Venous leg ulceration accounts for a large percent-
age of total health budget. The desired procedure of
this condition is the treatment of the superficial
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Table 1. Results of Cryoperforator Surgery

Main Group Subgroup Depth, mm Diameter, mm Successful

Leg perforator Posterior tibial perforator (upper) 3.7 2.2 Yes
Posterior tibial perforator (upper) 10.2 2.4 No
Posterior tibial perforator (middle) 10.0 2.0 Yes
Posterior tibial perforator (middle) 9.5 2.2 No
Posterior tibial perforator (middle) 11.0 3.9 No
Posterior tibial perforator (middle) 9.2 2.0 No
Posterior tibial perforator (lower) 9.0 6.8 Yes
Posterior tibial perforator (lower) 7.2 3.2 No
Posterior tibial perforator (lower) 21.0 2.1 No
Posterior tibial perforator (lower) 21.7 1.8 No
Posterior tibial perforator (lower) 21.7 1.9 No
Posterior tibial perforator (lower) 6.1 6.8 Yes
Paratibial perforator 10.0 2.5 Yes
Paratibial perforator 10.0 2.6 Yes
Paratibial perforator 13.0 3.8 Yes
Paratibial perforator 13.5 2.6 Yes
Paratibial perforator 13.8 2.1 Yes
Paratibial perforator 9.1 6.2 No
Paratibial perforator 10.5 4.9 No
Paratibial perforator 14.4 4.0 No
Paratibial perforator 13.6 3.0 Yes
Paratibial perforator 5.7 3.6 No
Paratibial perforator 22.0 4.1 No
Intergemellar perforator 11.6 5.2 No
Lateral leg perforator 6.5 2.9 No
Lateral leg perforator 6.8 3.9 Yes
Lateral leg perforator 22.0 2.2 No
Lateral leg perforator 18.7 2.4 Yes

Median 10.4 2.8

Range 3.7-22.0 1.8-6.8 12/28 (43%)

venous system in combination with dissection of
ICPV. Until now, SEPS or open perforantectomy is
the most commonly applied procedure for dissecting
ICPV. A less invasive, outpatient treatment could
lower morbidity and costs. Cryoperforator surgery
has the potential to become an alternative to the con-
ventional treatments applied today. Our study was
performed to determine the feasibility of CPS.

Our study shows that there are several advan-
tages of CPS compared to SEPS and ultrasound-
guided sclerotherapy. Contrary to SEPS, CPS can
reach all ICPV regardless of their anatomical loca-
tion, resulting in a more extensive therapeutic range.
Cryoperforator surgery can be performed under
local anesthesia in an outpatient clinic setting and is
less invasive than SEPS. In our clinic, ultrasound-
guided sclerotherapy showed poor long-term results,
but good results were presented by Masuda et al.®
Contrary to this technique, CPS does not require an

intraluminal approach of the ICPV. Even in extralu-
minal, the cryoprobe will attach to the ICPV. This
makes the treatment of small-diameter ICPV easier
with CPS than with ultrasound-guided sclerotherapy.
Treatment of ICPV with radiofrequency ablation
(Closure catheter, VNUS Medical Technologies,
Sunnyvale, California) or laser has been performed
but shows no convincing long-term efficacy.”'* We
have found that CPS has the potential to treat ICPV
but needs some alterations to gain a higher success
rate. There are two explanations for the low success
rate of 43%. The first explanation is related to the
learning curve of this procedure. Cryoperforator sur-
gery is a complete new technique for the treatment
of ICPV, which needs close cooperation between the
surgeon and the vascular technician. The second
explanation is related to the smooth surface of the
cryoprobe used. During vigorous withdrawal, the ice
cone often detaches from the tip of the cryoprobe.
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The integrity of the ICPV is, therefore, left
unharmed as one fails to achieve the intended oblit-
eration.

The perioperative duplex cannot determine the
level of damage as the ICPV thromboses as a result of
cryomanipulation. After analyzing the results of this
study, the surface of the tip of the probe was made
rough by coating it with diamond dust. An extensive
bench test was performed to determine pull strength of
the original cryoprobe versus a diamond dust—coated
cryoprobe. The diamond dust—coated cryoprobe was
3.6 times stronger than the original cryoprobe. A study
on CPS with the new diamond dust—coated cryoprobe
was further carried out. This study showed that CPS is
feasible for the treatment of ICPV. Major advantages
are that regardless of their anatomic location, all ICPV
can be treated in an outpatient setting under local anes-
thesia and the cryoprobe does not need intraluminal
insertion in the ICPV.

In conclusion, CPS is feasible for the treatment
of ICPV. Higher success rates can be obtained with
the modified diamond-dust cryoprobe. Major advan-
tages are the minimal-invasive treatment in an out-
patient setting and the possibility of reaching all
ICPYV, intraluminal or extraluminal.
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