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Histopathology of Neovascularisation Observed During Saphenofemoral
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Objective: The primary aim of this study was to assess the histopathological criteria of neovascularisation
following saphenofemoral high ligation with regard to the delineation of the pathophysiology of the process. The
secondary aims were to describe the perivenous morphological changes and to present cost effective agents to
histopathologically diagnose neovascularisation.
Methods: In a prospective study design, vein samples of consecutive patients with recurrent varicose veins in the
groin undergoing surgery were collected. The samples were analysed by a vascular histopathologist with a light
microscope using standard staining techniques.
Results: The study population comprised 35 patients, 24 of whom were female (69%). Histopathologically, 28
samples (80%) showed typical aspects of neovascularisation. The remaining seven specimens (20%) showed
thickened residual veins. An irregular vascular network, increasing perivenous collagen and elastic fibres and
perivenous lymph nodes were observed. Present venous valves were the main criterion for residual veins. A
surprising finding was the presence of scar tissue in the views of reparative incomplete new valves. Standard
staining agents were sufficient to make the diagnosis of neovascularisation in 73% of the samples and reduced
the cost by 30% compared with the regular use of specific markers.
Conclusion: The histopathological analysis of operative specimens may clarify whether a varicose vein recurrence
is the result of neovascularisation or some other cause. Although interesting for research, academic interest, and
classification, this may be of very limited clinical relevance for the patient.
� 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Neovascularisation has been defined as the presence of
new veins situated at the site of the previous ligation of the
great (or small) saphenous vein.1 This can result in clinical
recurrence of varicose veins. In current practice, the diag-
nosis of recurrence is mostly proven by colour coded duplex
ultrasound (DUS).1e5

Unfortunately, recurrent varicose veins are a common
post-operative problem after high ligation. The most com-
mon causes are disease progression and neovascularisation,
and less frequently technical or tactical errors.1e5 For
neovascularisation a wide incidence ranging from 1.5% to
62% is reported in the literature.1,3e5,7,8 Neovascularisation
in DUS is present in 25e94% of recurrent varicose veins.1,3e
5
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The validity of diagnosis by intra-operative macroscopic
aspects or duplex sonographic identification of the cause of
groin recurrence is limited.4,5 Histological examination of
operative specimens helps to clarify the underlying cause of
recurrence. According to the literature, the major micro-
scopic criteria used for the diagnosis of neovascularisation
are the presence of tortuosity of small vessels, scar tissue
and an irregular vascular network, and the lack of vein
valves.5e7

The aims of this study were to assess the microscopic
criteria of neovascularisation following saphenofemoral high
ligationwith regard to the delineation of the pathophysiology
of the process as well as to describe the perivenous
morphological changes and to present cost effective pro-
cedures to histopathologically diagnose neovascularisation.
PATIENTS AND METHODS

Patients with clinically symptomatic recurrent varicose veins
and previous great saphenous vein surgery were evaluated
clinically as well as with DUS by an angiologist according to
the current guidelines, and were directed to endovenous
therapy or, if not eligible, to surgical treatment.1,5
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Table 1. Results of the study.

Samples n ¼ 35
Neovascularisation
n ¼ 28

Residual
veins n ¼ 7

Irregular vascular network 14 (50) 0
Media hyperplasia 20 (71) 6 (86)
Collagen/elastic fibres 28 (100) 0
Scar tissue 28 (100) 4 (57)
Vein valves 0 2 (29)
Reparative incomplete
valves

15 (54) 0

Lymph nodes 6 (21) 0
Nerve fibres perivenous 3 (11) 0
Intramural nerve fibres 0 3 (43)

Data are presented as number (% refers to group) of patients.

 

Figure 1. Typical aspects of neovascularisation with irregular
thickness of the vein wall (4 ) (HE, x200).
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Patients were identified retrospectively based on a pro-
spective database between 1 October 2012 and 31
December 2017. All had undergone crossectomy and great
saphenous stripping in the past. They underwent the re-
operation at three different hospitals: Spital Frutigen,
Switzerland (2012e2015), Spital Thun, Switzerland (2012e
2015), and Klinik Hohmad, Switzerland (2015e2017). All
patients signed written informed consent pre-operatively
covering study participation.

Before operation, the varicose and perforating veins were
marked by the surgeon with indelible ink on the patient’s
skin. Under general or regional anaesthesia, the groin was
by choice re-opened via the pre-existing scar. After visual-
ising the femoral artery as a landmark, the femoral vein was
dissected, and the recurrent/neovascular veins were flush-
ligated and divided. The veins were freed from the scar
tissue as far as possible and then removed. Samples of
these veins were taken and preserved in formalin and then
sent to an experienced vascular histopathologist. Multiple
slices of each sample were prepared and evaluated under
the microscope. The samples were divided into two groups:
Group A with obvious microscopic aspects of neo-
vascularisation and Group B with microscopic aspects of a
native vein.

For the analysis, the Olympus BX45 microscope (Olympus
Corporation, Schweiz AG, Wallisellen, Switzerland) was
used. The standard stains used were haematoxylin-eosin
(HE) and elastica Van Gieson (EVG). Immunomarkers such
as S100, Vimentin, and smooth muscle actin (SMA) were
supplementarily used in selected cases to differentiate
additional aspects (all staining procedures by Promed Lab-
oratory, Marly, Switzerland).

The study was approved by the Cantonal Ethics Com-
mittee for Research (KEK, Project-ID: 2017e02204), Bern,
Switzerland. The microscope slides were blinded by a
numeric code given by the KEK. Only the prepared slice was
used for the evaluation.

RESULTS

This observational study included 35 patients with a mean
age of 61 years (range 41e80 years). Of these, 24 were
female (69%). The primary operations had been performed
10e32 years earlier.

The cohort was split into two groups according to the
histopathological diagnosis. Specimens from 28 patients
(80% ¼ Group A) showed morphologically typical aspects of
neovascularisation (Table 1, Fig. 1). The remaining seven
specimens (20% ¼ Group B) showed residual veins with
typical morphology of the venous wall texture (intima,
media, adventitia, and sometimes vein valves) (Table 1).

The standard stains HE and EVG were sufficient for a
precise diagnosis in 27 cases. S100, SMA or Vimentin were
used in eight cases (23%) to establish the diagnosis of
neovascularisation or native vein. The S100 immunohisto-
chemical stain helps to detect intramural and perivenous
nerve fibres (Table 1). Using targeted resources including
immune markers on a case by case basis in combination
with a specialised vascular pathologist, the potential savings
were estimated at 30% compared with regular analysis.
Standard stains were sufficient to make the diagnosis of
neovascularisation in 77% of the samples.

Neovascular veins showed no congenital valves, but more
than half of the samples (54%) displayed reparative
incomplete valves (Fig. 2).

In six cases from Group A, lymph nodes were demon-
strated in the adjacent tissue, and were seen exclusively in
samples with neovascularisation (Table 1).

DISCUSSION

A high proportion of neovascularisation was detected in this
study (80%, Table 1); this is higher than reported in the
literature.1e5,7,8 The major microscopic criteria of neo-
vascularisation used in the literature (presence of scar tis-
sue associated with an irregular vascular network, the lack
of vein valves as well as the absence of intramural nerve
fibres) could be proven in the present study. Additionally,
the presence of perivenous collagen and elastic fibres is
described, as well as reparative incomplete valves to di-
agnose neovascularisation. Perivenous lymph nodes and
nerves represented the main perivenous morphologic
changes.

A surprising finding in the present study was the pres-
ence of scar tissue in the views of reparative incomplete
new valves. This was found in 54% of the samples with, and



 

Figure 2. Reparative incomplete valves in neovascularisation
probably induced by haemodynamic changes (/) (EVG, x400).
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only with, proven neovascularisation. These were of course
not congenital valves as in residual veins. The literature
does not include any descriptions of such scar tissue
forming valves in neovascular veins.5,6 However, these
incomplete new valves did not fulfil the valve function in
patients in the present study cohort, as indicated by the
necessity for re-operation because of symptomatic recur-
rent varicose veins.

A limitation of this study is the prospective study design,
in which there was no evaluation of the correlation be-
tween the pre-operative DUS and the histopathological
findings. According to the requirements, the microscope
slides had to be blinded using a numeric code. Unfortu-
nately, this could not be connected with the operation
report. All samples were evaluated and judged by only one
specialised vascular pathologist. Overall, the results of this
study are predominantly interesting for their scientific as-
pects. Therefore, the described cost effectiveness has a
clear place in research. In daily practice this is achieved by
not performing histopathology for pure classification rea-
sons. Other limitations regard potential selection bias and a
small sample size.

The histopathological analysis of operative specimens
may clarify whether a recurrence is result of neo-
vascularisation or not. Although scientifically interesting,
this may not be of clinical relevance for the patient, unless a
patient with a histologically proven neovascularisation is
told to be more aware of another recurrence and could
consult the doctor at an earlier stage of recurrence, this
being easier to treat as being less advanced. However, this
is speculation and lacks supporting data.
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