
Article

Not peer-reviewed version

Cryosurgery Harvested Veins as

Potential Grafts: An

Immunohistochemical Analysis of

Venous Samples

Andrei Florin Parau 

*

 , Amalia Raluca Ceaușu 

*

 , Pușa Nela Gaje , Marius Raica

Posted Date: 29 September 2023

doi: 10.20944/preprints202309.2110.v1

Keywords: proliferation rate; endothelium; varicose veins; cryosurgery

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/1524043
https://sciprofiles.com/profile/2217132
https://sciprofiles.com/profile/2107523


 

Article 
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Abstract: Cryosurgery has emerged as a promising method for harvesting veins, but the suitability of these 
cryostripped veins as grafts remains a subject of investigation. This study delves into uncharted territory by 
conducting an immunohistochemical analysis and exploring the molecular aspects of venous samples obtained 
through cryostripping. Existing literature lacks comprehensive data on the components of varicose veins' walls, 
particularly in relation to protein expression. Furthermore, little is known about the proliferation rate of 
endothelial cells within varicose veins, which we scrutinize alongside an assessment of CD34 endothelial 
reactivity. Materials and Methods: Our study encompassed 109 samples procured using the cryostripping 
method, which involves catheterizing veins with a specialized probe cooled to -85°C. Molecular profiling of 
the intima and endothelium was conducted using two key markers: CD34 and Ki67. Results: Immunoreactivity 
for CD34 was discernible across all three layers of the varicose vein walls that were excised using cryostripping. 
Notably, the endothelial cell layer exhibited intense and uniform positivity in 36 out of the 109 samples under 
investigation. In contrast, the results regarding Ki67 expression, whether pertaining to the intima or 
endothelium, remain inconclusive. Conclusions: Our findings advocate for the utilization of CD34 as a reliable 
marker to assess the morphological and molecular integrity of excised venous specimens. As the use of 
cryosurgery-harvested veins as grafts gains traction, this research contributes valuable insights into their 
potential viability for transplantation, opening new avenues for further exploration in the field of vascular 
surgery. 
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1. Introduction 

Chronic venous disease (CVD) is a frequently encountered disease and a common health care 
problem. The prevalence of this condition remains underestimated, early evidence of CVD being 
frequently overlooked by general practitioners. Clinical manifestations of CVD can range from mild 
to severe, such as telangiectasia, varicose veins (most notably), lipodermatosclerosis or venous 
ulceration [1,2]. Although the use of varicose veins as a graft remains controversial and often reserved 
for cases where there are no other healthy veins available, they can sometimes be a feasible option 
[3]. In light ofthis data, we could assume that a large part of the collected samples could be used as a 
graft for bypass procedures. Most frequently, the harvesting procedure involves open surgery. This 
procedure, however, has some disadvantages, among which we mention the large incision that is 
prone to vicious scarring and a greater risk of complications such as hematoma, seroma or wound 
infection [4]. However, interventional and endoscopic procedures are the current standards in the 
treatment of various venous diseases [5], and recent data describing the possibility of endoscopic vein 
harvesting have been reported [6]. Considering this aspect, as well as the fact that cryostripping is a 
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minimally invasive procedure compared to classic surgery [7], the question arises whether the veins 
harvested by cryosurgery retain their viability and can be used as grafts. 

Cryosurgery for varicose veins removal is not a new procedure, and there are several articles in 
the literature that would support this procedure [8,9]. The saphenous vein freezing procedure and its 
use as a graft was originally described in 1975 [10], when a single case treated with this procedure 
was reported. This case presentation has not been subsequently reconfirmed on a larger scale and to 
our knowledge, no other publications on this topic are available. Considering the period in which the 
articles cited above were published, the specimens were not investigated from a molecular point of 
view, which we consider essential for the viability of the normal or varicose vein specimen. 

For these reasons, we will analyze in our study some of the components of the wall of varicose 
veins that cannot be highlighted by morphological and histochemical methods. We consider the 
immunohistochemical and molecular evaluation at the level of protein expression to be original, since 
we have not identified similar data in the literature. We believe that the molecular profile we are 
evaluating further complements the morphological and histochemical data in enabling graft viability 
from varicose veins. 

The investigation of the molecular profile of the intima and the endothelium, respectively, was 
based on the application of two markers, namely CD34, a highly specific marker for the vascular 
endothelium, and Ki67, which signals cells during division and in the period immediately following 
it. 

CD34 is predominantly considered a marker of hematopoietic stem and progenitor cells, but also 
of endothelial cell progenitors and mature endothelial cells. Although the molecule has been 
identified for half a century, its functional function is still only partially known [11]. CD34 is a 
transmembrane phosphoglycoprotein identified in 1984 on hematopoietic cells. It has an extracellular 
site with numerous glycosylation sites. There is a single transmembrane helix and a cytoplasmic tail, 
the most common ligand being L-selectin. Although current studies have not elucidated the functions 
of this molecule, current data suggest the involvement of the molecule in cytoarchitectonics and the 
regulation of cell differentiation and proliferation. It is possible that the CD34 molecule is involved 
in the trafficking of hematopoietic progenitors. Immunohistochemically identified CD34 has the final 
reaction product localized to the endothelium of blood vessels and usually does not stain the 
endothelium of lymphatic vessels. Much of the current data supports that CD34+ endothelial cells are 
dormant, considered to have major implications in adhesion and migration. In this way, CD34 is 
directly involved in the phenomenon of endothelial sprouting, respectively in angiogenesis [12]. 
Considering the brief data above, we consider CD34 evaluation to be a mandatory step in testing the 
viability of a possible vein graft. 

Ki67 is a highly specific marker for cells in division and in the immediate postmitotic period. It 
is not a specific marker for endothelial cells at all, but it identifies dividing cells by nuclear reaction 
end product. Endothelial cells have a long lifespan, which under normal conditions exceeds 1000 
days. When stimulated by different agents they can proliferate relatively rapidly, demonstrating 
viability as well as the ability to repair endothelial damage. Ki67 is a marker that is actively involved 
in defining whether a lesion is benign or malignant, as well as in the chemotherapy response of 
individual cases [13]. The proliferation rate of endothelial cells in the tumor area has been 
investigated by few authors, possibly due to the absence of a standardized methodology. Double 
immunostaining for the endothelial marker-Ki67 was especially practiced in tumors, and cells with 
double cytoplasmic and nuclear signal were considered proliferative endothelial [14,15]. There are 
no known data on the proliferation rate of the endothelium of varicose veins, an aspect that we 
analyze in addition to the study of the endothelial reaction for CD34. 

The aim of this study was to evaluate the viability of the venous fragments harvested by 
cryostripping, in order to determine if the technique lends itself to the harvesting of venous fragments 
which potentially can be used as grafts. 
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2. Materials and Methods 

Patients. The study included 109 venous specimens, each one of them being taken from patients 
operated for varicose veins by cryostripping method. The principle of this procedure consists of 
venous catheterisation with a special probe which is cooled to −85 °C. Due to these very low 
temperatures, the venous intimal layer strongly adheres to the probe, thus enabling the stripping of 
the insufficient vein. The probe is made of smooth metal materials, and it can be easily inserted in the 
venous lumen even if the vein path is tortuous. By connecting the probe to the ERBOKRYO device 
(Erbe USA Incorporated 2225 Northwest Parkway Marietta, GA 30067, USA) using liquid nitrogen 
the cooling is subsequently carried out. When the insufficient vein adheres to the probe (this 
phenomenon usually occurs in about 5 seconds), it is removed by repeated traction [6]. Each specimen 
was subsequently divided in 6 samples, one sample being directly fixed in formalin, and the others 
being maintained in serum for two, four, twelve, twenty-for and forty-eight hours and after that fixed. 
For each case, all the 6 samples were microsopically analyzed then in both immunohistochemical 
stains, CD34 and Ki67, in order to establish the viability of the specimen in time. 

Immunohistochemistry. The simple immunohistochemical methods were performed in a fully 
automated and standardized procedure for all cases, with the Leica Bond-Max autostainer (Leica 
Biosystems, Newcastle upon Tyne, UK). Paraffin sections were treated to the Bond Epitope Retrieval 
Solution 2 for 20 minutes (Leica Biosystems, Newcastle Ltd.). Endogenous peroxidase was blocked 
with 3% hydrogen peroxide for 5 minutes. The sections were then incubated for 30 minutes with the 
primary antibodies-CD34 (Leica Bond, RTU, clone QBEnd 10) and Ki 67 (Leica Bond, RTU, clone 
MM1). For visualization the Bond Polymer Refine Detection System was used. It includes the 
secondary antibody (8 minutes) and the polymer with an incubation time of 8 minutes. The 
chromogen was 3, 3 diamino-benzidine dihydrochloride and hematoxylin was used as counterstain.  

Microscopic evaluation and image analysis. The quantification methods took into account the 
following aspects. For CD34, the localization of the end product of the reaction (the three layers of 
the venous wall: intima, media and adventitia), the continuity of the endothelium and the associated 
positive tissue elements. For Ki67, only the positive cellular elements of the endothelium level were 
considered, and they were evaluated as microscopic field density at x400 magnification.The 
morphologically and immunohistochemically stained sections were analyzed on Zeiss Axiocam 506 
micro-scopes (Jena, Germany) and Nikon AY260, both equipped with a real-time imaging system 
and software for digital microscopic image analysis. 

Statistical analyses. Statistical analyses were performed using Statistical Package forSocial 
Sciences version 16 (SPSS Inc., Champaign, IL, USA). The results were statistically analyzed using 
Chi-squared test. The Kolmogorov-Smirnov test was used to analyze the normal distribution of 
variables. A resulting p-value of <0.05 was considered statistically significant and was assessed at a 
95% confidence interval. 

3. Results 

The study included 109 venous specimens collected from patients undergoing varicose vein 
cryostentric surgery. Each specimen was divided into six groups: one was immediately fixed in 
formalin (zero-hourtime) and subsequently fixed, and the other was placed in physiological solution 
for 2, 4, 12, 24 and 48 hours before fixation. Immunohistochemical analysis was performed on each 
sample to assess the expression of CD34 and Ki67, two markers of endothelial cell viability and 
proliferation. 

The final product of the immunoreaction for CD34 for zero-hourtimewas located at all three 
levels of the wall of varicose veins excised by cryostripping. At the level of the intima, the layer of 
endothelial cells was intensely and homogeneously positive (p=0.001). This aspect was found in 
89(81.61%) of the 109 samples studied (Figure 1a).  

Between zero-hour time and 12 hours, no major changes were observed in the samples studied, 
which were also statistically significant (zero-hour time: p-value=0.0021; 2 hours: p-value=0.0136; 4 
hours: p-value=0.0348). Changes in all layers appeared after 12 hours (12 hours: p-value=0.0499; 24 
hours: p-value= 0.0582), but especially at the intima layer started to be seen after the samples had 
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been in physiological solution for 12 hours, so that at the endothelium level lacunar expressions 
appeared in 32 (29.35%) cases and at 24 hours multiple lacunar expressions appeared in 53 (48.62%) 
cases.  

After 48 hours in physiological solution, it was noticed a single (Figure 1b) or multiple (Figure 
1c) lacunar expression.These aspects underlined damage to the endothelium induced by the surgical 
procedure used, associated with the duration of preservation of the specimens in physiological 
serum. Therefore, at the level of the endothelium, 37 (33.94%) specimens were negative for this 
immunoreaction (Figure 1d). Small blood vessels in the media served as an internal positive control, 
with positive endothelium. In 97 (88.99%) of the samples studied, the subintimal space did not show 
positive cells for this reaction. 

 

Figure 1. CD 34 immunostaining. Venous wall showing intensely and homogeneously stained 
endothelium (a, x100); Endothelium with segmental positive reaction for CD34 (b, x200); Multiple 
defects of the endothelium (c, x200); Negative reaction of venous endothelium, positive for medium 
small vessels (d, x200); Recanalized thrombus. Irregular lumen, with intense positive reaction for 
CD34 at the level of the endothelium (e, x100); Detail with small vessels in the thrombus 
reorganization area (f, x400); Vein musculature showing only small blood vessels (g, x200); Blood 
vessels in the media of the varicose vein with multiple sprouting aspects (h, x200); Media invaded by 
adventitial cells with dendritic morphology (i, x100). 

Three cases were found that showed typical aspects of recanalized thrombus, where some 
particular aspects were observed. The endothelium of all evaluated lumens was intensely positive 
for CD34. In its immediate vicinity in the subintimal space, was not observed any other positive cells 
or small neoformation vessels(Figure 1e).Small vessels, with characteristic morphology for capillaries 
and postcapillary venules, were present at a relatively large distance from the neointimal space, being 
included in a tissue dominated by connective cellular elements, with rare fibers and without acute or 
chronic inflammatory infiltrate.The small vessels in the recanalized thrombi showed thick 
endothelium with a visible lumen or not (Figure 1f), signaling the presence of neoformation vessels. 
The density of these vessels was very high per surface unit, coinciding with the proliferation phase 
of the endothelium. For this reason, these aspects recapitulate some stages of physiological 
angiogenesis, but we believe that the thrombosed venous vessel model is particularly useful not only 
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for understanding some stages of angiogenesis, but also for testing inhibitory medication on this 
process. 

After 48 hours, in 46 (42.2%) of the 109 samples studied, was observed the normal appearance 
of the venous media, respectively showing smooth muscle cells and small blood vessels in the middle 
area (Figure 1g). Some cases showed average blood vessels with one or more buds, suggesting 
endothelial cell activation (Figure 1h). The vessels in which were noticed aspects of budding did not 
present visible lumen in optical microscopy, being classified as immature. In the other cases, and 
especially in those with partial or no endothelium stained for CD34, was found obliteration of the 
border between media and adventitia. Adventitial cells diffusely and heterogeneously invaded the 
media, up to the vicinity of the subintimal space (Figure 1i). The adventitial cells show long, elongated 
cytoplasmic extensions, which tend to be a dense network in the external portion of the media, being 
in direct continuity with the adventitia. Although the morphology in this technical form is a static 
investigation, we believe that these aspects suggest the mobilization and migration of adventitial cells 
towards the other layers of the venous wall, a phenomenon that obviously occurs during the 
evolution of the venous disease. 

The adventitia was intensely stained in all the evaluated cases after 48 hours. In this 
immunoreaction, it appears in the form of a cellular network with higher density around the vasa 
vasorum (Figure 2a). This aspect is independent of the nature of the arteriolar or venular vessel it 
surrounds. In cases where the lumen of the vessel is wider, the density of adventitial cells was 
reduced (Figure 2b).In the cases with major morphological changes of the media and intima, was 
noted the mobilization and concentration of adventitial cells at the border of the media (Figure 2c), 
as well as their presence in the middle of the media (Figure 2d).In these cases, it was no longer 
observed vessels with a permeable lumen, previously described for the tunica media. In the 
adventitia, CD34-positive cells strictly adhered to the arteriolar media, as seen in Figure 2e,f. 

In Table 1, the study presents a comprehensive analysis of CD34 expression across the three 
layers of venous wall tissue (intima, media, and adventitia) at various time points, ranging from zero-
hour to 48 hours, following varicose vein cryostripping surgery. These results shed light on the 
dynamic changes in CD34 expression, reflecting endothelial cell activity and the impact of 
preservation duration in physiological solution. Notably, at the zero-hour time point, CD34 
expression was intensely positive in the intima, demonstrating endothelial vitality. The study 
observed significant alterations in CD34 expression at the 12-hour time point, particularly in the 
intima, where lacunar expressions began to appear, indicating endothelial damage. These changes 
continued to evolve at the 24-hour and 48-hour marks, emphasizing the importance of preservation 
duration. The data also highlight variations in CD34 expression between the different layers of the 
venous wall. Overall, this comprehensive analysis provides valuable insights into the time-
dependent alterations in CD34 expression within the context of varicose vein pathology and surgical 
intervention. 

Table 1. CD34 expression according to the three layers of the vein wall. SD= standard deviation; p-
value < 0.05 = significant. 

 

CD34 Expression 
 

p-value 
intima media  adventitia 

(Men±SD) p-Value (Men±SD) p-Value (Men±SD) p-Value 

zero hour 56.84±19.9 0.0001 
 

41.68±12.85 0.0034 46.81±14.66 0.0030 0.0021 

2 hours 49.68±17.03 0.0031 36.55±11.04 0.0231 41.68±12.85 0.0032 0.0136 
4 hours 42.52±14.16 0.0064 31.42±9.23 0.0233 36.55±11.04 0.0421 0.0348 

12 hours 35.36±11.29 0.0315 26.29±7.42 0.0500 31.42±9.23 0.0422 0.0499 
24 hours 28.20±8.41 0.0450 21.16±5.61 0.0621 26.29±7.42 0.0521 0.0582 
48 hours 11.04±5.52 0.0538 14.03±5.13 0.2214 21.12±9.54 0.5398 0.645 
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Figure 2. CD 34 immunostaining (a-f). Overview of the network that adventitial cells form (a, x100); 
Heterogeneous distribution of adventitial cells, rare around vessels with wide lumen (b, x100); 
Densification of adventitial cells to limited between adventitia and media (c, x200); Media invasion 
by adventitial cells (d, x100); Arteriolar and venular vessels surrounded by adventitial cells (e, x100); 
Arteriolar vessel detail (f, x400); Immunoreaction for Ki67 (g-i). Ki67-positive nuclei and small 
adventitial vessels (g,h x400); Isolated endothelial cells, positive for the proliferation marker (i, x400). 

The final product of the immunohistochemical reaction for Ki67 was nuclear restricted. Only 
cells with a clear and intensely brown-stained nucleus were considered positive, regardless of the 
examined venous layer. Was evaluated the reaction from endothelium, the venous media and the 
vasa vasorum from adventitia. All specimens that were fixed after 48 hourswere negative for Ki67.  

In zero-hour time, it was noted that the highest number of positive cells at the level of the small 
vessels in the adventitia of the extirpated varicose veins, on a cross section, between 1 and 3 positive 
nuclei can be observed on a cross and oblique section (Figure 2 g, h). It was found that Ki67 positive 
nuclei in the adventitia in 37 (33.94%) cases. In comparison, none of the cellular elements of adventitia 
were positive for this reactionafter 12 hours.  

On average, 11.92% of samples showing only rare smooth muscle cells were positive, a subjective 
percentage of less than 1% of the cells, well below the normal rate of multiplication in smooth muscle 
tissue of the vascular wall. The endothelium showed Ki67-positive cells only in isolated form, 
reflecting the long lifespan of these cells (Figure 2i). It was reported positive endothelial reaction in 
11 (10.09%) specimens. The reaction was negative for all cellular elements forming the valves 
captured by the histological section. In the case of recanalized thrombi, was not noticed a positive 
reaction to any of the cell types mentioned above. 

Table 2 shows a detailed examination of Ki67 expression within the vein wall at different time 
points after varicose vein cryosurgery. The results provide valuable insight into cell proliferation and 
activity in the context of venous tissue. In particular, at time zero hours, the three layers of the venous 
wall show the highest number of Ki67 positive cells, especially in small vessels.  However, after 12 
and 24 hours, Ki67-positive cells were absent in the adventitia, highlighting the transitional nature of 
this proliferation. Interestingly, all specimens fixed after 12 hours showed a marked decrease in 
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expression, and after 48 hours showed Ki67-negative expression, highlighting the end of proliferation 
at prolonged preservation periods.  

Table 1. Ki67 expression according to the three layers of the vein wall. SD= standard deviation; p-
value < 0.05 = significant. 

 

Ki67 Expression 
 

p-Value 
intima  media  adventitia  

(Men±SD) p-Value (Men±SD) p-Value (Men±SD) p-Value 

zero hour 7.64±5.34 0.0450 
 

5.68±3.55 0.0521 11.71±4.16 0.0341 0.0403 

2 hours 4.68±3.02 0.0491 3.55±6.04 0.0547 10.48±9.25 0.0415 0.0498 
4 hours 3.56±8.15 0.0754 1.42±5.33 0.6513 3.25 ± 1.04 0.0687 0.3468 

12 hours 1.76±5.29 0.5218 1.574±4.54 0.6870 0 - 0.6851 
24 hours 0.872±3.45 0.7591 0.527±2.91 0.8921 0 - 0.8745 
48 hours 0 - 0 - 0 0 - 

4. Discussion 

Due to the increased incidence of vascular diseases [16,17], vascular procedures are worldwide 
widely practiced. Along with stenting and endarterectomy [18,19], revascularization surgical 
procedures are frequently practiced today [20]. For example, coronary artery bypass grafting is a key 
cardiac surgery procedure and is the main treatment for patients with multivessel coronary artery 
disease [21]. Vascular grafts, as either interpositional conduits or bypass grafts, can be used for 
revascularization procedures in the upper extremity, too. Vein grafts are more readily available and 
can be easier to harvest [22]. The most frequently used conduit for this procedure is the great 
saphenous vein. The most important determining factor for the surgery success is the graft patency 
rate. The technique of harvesting the vein has evolved over the last 30 years from total open 
harvesting to endoscopic with minimal access technique [23]. While the total open harvesting 
technique presents some disadvantages, such as a longer healing period, a visible scar and even the 
risk of a keloid scar, the risk of a seroma or hematoma, and even infection, minimally invasive 
techniques became methods of choice [24,25]. Also, endovenous procedures are increasingly used for 
the treatment of varicose veins. Endoluminal catheters can be used for this purpose, which technically 
allow mechano-chemical obliteration, but other endovenous procedures like cryostripping allow 
even venous removal. Although known for several years, it is not yet clear what changes such a 
catheter induces in the venous wall (Kendler et al., 2013) [26]. The authors mentioned above proposed 
a four-grade score on the injuries produced by the catheter. Lesions were reported only for 
endothelium, not for the media and adventitia. The three basic endothelial cell markers, namely 
CD31, factor VIII and CD34 gave similar results, which is why we only used CD34. The reduction in 
factor VIII expression reported by Kendler et al. (2013) is most likely the result of limited expression 
of this marker in venous endothelial cells. In the light of these data, we considered it appropriate to 
analyze the possibilities of harvesting venous grafts by cryostripping. However, taking into account 
the principle of the method, which involves freezing the vein at -85 Celsius degrees in order to be 
harvested, we considered mandatory an analysis of the viability of the surgically excluded venous 
segment, as well as the possible options for temporary preservation until the grafting surgery. The 
present study investigated the effect of cryostripping and storage in physiological solution on the 
viability and proliferation of endothelial cells in venous specimens obtained from patients with 
varicose veins.  

Immunohistochemistry is the most common application of immunostaining. It involves the 
process of selectively identifying antigens in cells of a tissue section by exploiting the principle of 
antibodies binding specifically to antigens in biological tissues [27,28]. In this study, CD34 which is a 
transmembrane glycoprotein expressed on early lymphohematopoietic stem cells, progenitor cells, 
and endothelial cells [29] and Ki-67, which is an excellent marker to determine the growth fraction of 
a given cell population [30], were used. Evaluation of small vessels in the saphenous adventitia with 
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thrombophlebitis is not new, having been reported by previous published papers [31–33]. Although 
the authors state that they studied the proliferation of endothelial cells in the vasa vasorum, they only 
applied the immunoreaction for CD34 [31], which does not reflect this aspect. We applied the reaction 
for Ki67 which marks only proliferating cells or immediately after division. This aspect – even if it 
requires reconfirmation – is new to the literature as we have not found any published articles on this 
topic. The conclusion of the mentioned study actually reveals the density of the microvessels in the 
adventitia of the saphenous vein with thrombophlebitis, the proliferation being induced by the 
pathological process. Moreover, the stimulation of the endothelium and the induction of new vessel 
formation was also demonstrated in an experimental model (Nascimento et al., 2014) [34,35]. 

The vascular adventitia contains progenitor cells involved in vascular re-modeling. Progenitor 
cells are recruited into venous thrombi and can induce neovascularization, as shown in the 
experimental model (Covas et al., 2005) [36], which is why a similar hypothesis has been proposed in 
saphenous vein thrombosis.The fact that the majority of CD34+CD117+ cells, considered progenitors, 
were identified in the adventitia supports our data which showed that most cases show positive 
immunoreaction for Ki67 in the adventitia and much less often in the other layers. In the last decades 
cells with a progenitor role have been identified in both rodents and humans, being located in a niche 
of the adventitia. Until now, there are no known data regarding the role of progenitor cells in varicose 
disease, and their reporting on human material is a novelty, especially under the conditions of the 
freezing technique. The transformation of adventitial progenitor cells and endothelial cells has been 
hypothesized, but there is no solid evidence for this to date. Our study opens the perspective of the 
molecular characterization of these cells as well as their isolation and the creation of specific cell lines. 
The mode of migration of adventitial progenitor cells into the intima and their transformation into 
endothelial cells under pathological conditions is currently only unverified speculation, even if this 
possibility has been demonstrated in vitro (Covas et al., 2005) [36].  

Our study explored the impact of cryostripping and subsequent storage in physiological 
solution on the viability and proliferation of endothelial cells in venous specimens from varicose 
veins patients. We observed that cryostripping effectively preserves the viability of venous specimens 
immediately. However, storage for more than 48 hours in physiological solution prior to fixation led 
to decreased CD34 and Ki67 expression, suggesting endothelial damage and an inhibitory effect on 
cell proliferation. The marked reduction in temperature during storage appears to inhibit cell 
divisions, as evidenced by the rarity of Ki67-positive cells in such specimens. These findings question 
the utility of Ki67 staining as a method for assessing vein graft viability. 

The findings of the present study have several implications for future research and clinical 
practice. First, the findings suggest that cryostripping is a viable method for harvesting venous grafts 
for revascularization procedures. However, the findings also suggest that venous grafts should not 
be stored in physiological solution for more than 48 hours before grafting, as this can damage the 
endothelium and inhibit cell proliferation. Second, the findings suggest that cryostripped varicose 
veins may be a potential source of progenitor cells for vascular tissue engineering [37]. While this 
study provides valuable insights, it is not without limitations. Further research is needed to 
substantiate the theories surrounding the transformation of adventitial progenitor cells into 
endothelial cells and their significance in varicose disease. Additionally, the study underscores the 
importance of employing meticulous specimen preservation techniques in venous research. 

In conclusion, this study sheds light on the role of immunohistochemistry in understanding the 
behavior of endothelial cells and progenitor cells in venous specimens from patients with varicose 
veins. It also highlights the importance of specimen preservation methods in ensuring accurate 
research outcomes. Further investigations into the potential transformation of adventitial progenitor 
cells and their implications in varicose disease could open new avenues for understanding and 
treating this condition. 

5. Conclusions 

Our results support the use of CD34 for testing the morphological and molecular integrity of the 
excised venous specimen. Its expression is also dependent in part on the time between harvesting 
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and fixation, the density of the reaction being reduced after 48 hours in physiological serum. We 
report the reaction of adventitial cells considered to have migratory potential, which mobilize and 
invade the media in cases with severe lesions. The immunohistochemical reaction for Ki67 is negative 
in all fixed and embedded specimens after 48 hours. Our data do not support the use of the Ki67 
reaction to determine vein graft viability.  

At the same time, corroborating all the data obtained, this study supports the use of 
cryostripping in harvesting healthy veins to be used as a graft. However, to be sure of the viability of 
the graft, it is recommended to keep it in saline solution and use it in the first hours after harvesting, 
with a maximum threshold of 24 hours. 
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