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Summary 
Objective: To conduct a longitudinal vein 
study in a young study population on when 
and how varicose veins develop in healthy 
veins. Population, method: The initial study 
population consisting of pupils aged 10–12 
(BO I, n = 740) underwent clinical and ultra-
sound follow-up at the ages of 14–16 (BO II, n 
= 518), 18–20 (BO III, n = 459) and 29–31 
(BO IV, n = 136). During BO I-IV all venous 
findings detected (including preclinical re-
fluxes of the saphenous veins) were recorded. 
Results: The data were broken down to reveal 
the incidence and prevalence of venous re-
fluxes (VR), varicose veins (VV) and venous 
abnormalities (VA) for each part of the study. 
Furthermore, the data were analyzed longitu-
dinally to identify any correlations between 
VR and VV in the two saphenous veins. Con-
clusions: Since none of the study subjects ex-
hibited VV during BO I, the study permits 
evaluation of the venous situation in the sub-
jects from birth on. The manifestation of a 
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truncal VV is preceded by a VR in the same vein 
(p = 0.039). VR occurred mainly during puberty 
(BO I: 2.5%, BO III: 18.5%, BO IV: 25%). A pre-
clinical VR represents a 30% risk (95% CI: 
13–53%) of developing a truncal VV within 
four years, as a consequence, subsequent pre-
ventive 2-year follow-up examinations are 
recommended . 
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Zusammenfassung 
Ziel dieser longitudinalen Venenstudie ist, an 
einer jungen Population zu erforschen, wann 
und wie es von einer unversehrten Vene zur 
Krampfader kommt. Studienteilnehmer, Me-
thoden: Schulkinder der Altersstufe 10–12 Jah-
re (BO I, n = 740) wurden folgenden (klinischen 
und sonographischen) Follow-up-Unter-
suchungen unterzogen: 14–16 Jahre (BO II, n = 
518), 18–20 Jahre, (BO III, n = 459) und 29–31 
Jahre (BO IV, n = 136). Dabei wurden alle auf-
tretenden Venenbefunde einschließlich der 
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präklinischen Saphena-Refluxe erfasst. Er-
gebnisse: Inzidenz und Prävalenz von VR (ve-
nöse Refluxe), VV (varicose veins, so genann-
te große Varizen) und VA (venous abnormali-
ties, so genannte kleine Varizen) werden auf-
geschlüsselt. Darüber hinaus werden für bei-
de Saphenastämme die longitudinalen Be-
fundverläufe auf Interdependenzen zwischen 
VR und VV analysiert. Schlussfolgerungen: Da 
in BO I noch keine VV vorkamen, erlaubt die 
Studie eine Analyse ab der Geburt. Der Mani-
festation einer Stammvarize geht mit statisti-
scher Signifikanz (p = 0,039) ein VR an dersel-
ben Vene voraus. VR traten vor allem in der 
Pubertät auf (BO I: 2,5%, BO III: 18,5%, BO IV: 
25,0%). Ein präklinischer VR bedeutet ein 
30%iges Risiko (95% CI: 13–53%), binnen 
vier Jahren eine Stammvarikose zu bekom-
men, so dass zweijährige prophylaktische 
Kontrolluntersuchungen indiziert sind. 
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Résumé 
Objectif : Étude longitudinale sur l'état veineux 
d'une population jeune pour tenter de com-
prendre comment et quand les varices se déve-
loppent dans une population saine. Popula-
tion, méthode : Le premier groupe concerne 
des adolescents de 10 à 12 ans (BO I, n = 740) 
soumis à un examen clinique et ultrasonique 
suivi, de 14 à 16 ans (BO II, n = 518), de 18 à 
20 ans (BO III, n = 459) et de 29 à 31 ans (BO 
IV, n = 136). Durant la période entière, les cons-
tatations veineuses (incluant le reflux préclini-
que des veines saphènes) ont été rassemblées. 
Résultat : Les données ont été analysées pour 
étudier l'incidence et la prévalence des reflux 
veineux (VR), des veines variqueuses (VV) et 
des anomalies veineuses (VA) pour chaque 
partie de l'étude. De plus, les résultats ont été 
analysés de manière longitudinale pour identi-
fier toute corrélation entre VR et VV pour les 
deux troncs saphéniens. Conclusion : Aucun su-
jet n'a présenté de VV au cours de BO I, ce qui 
correspond à une situation veineuse normale 
de naissance. L'apparition d'une VV tronculai-
re est précédée par une VR dans la même vei-
ne (p = 0,039). Les VR surviennent essentielle-
ment durant la puberté (BO I = 2,5% BO III = 
18,5% BO  IV = 25%). Un VR préclinique repré-
sente un risque de 30% (95% CI : 13–53%) de 
développer une VV tronculaire dans les 4 ans. 
Ainsi, une prévention d'un suivi de 2 ans est re-
commandée pour ce genre de situation. 

A number of epidemiological cross-section 
studies have unanimously substantiated the 
high prevalence of varicose veins and venous 
disease and the rise in their prevalence with 
increasing age (1, 3, 5, 8, 9, 10). The con-
clusions reached by these studies concerning 
possible risk factors for the development of 
venous disease are less congruent. A question 
that has hardly been explored to date is the se-
quence of events in the development of vari-
cose veins from their very beginnings to the 
appearance of more advanced stages.  

Study population, methods 

Study population 

The data were collected during the Bochum 
Study (BO), a prospective longitudinal epi-
demiological study in four parts that com-
menced in 1982/83 (13–17). The initial study 
population consisted of pupils aged 10–12 
attending  the first year of college-preparatory 
high school (Gymnasium) in Bochum, a city 
with a population of approx. 400 000 in the 
Ruhr district in Germany. Informed consent 
was obtained from the pupils, their parents 
and the directors of the 11 schools participat-
ing in the study. The study participants were 
contacted and examined again at three later 
points in time (BO II, III and IV) (�Tab. 1). 

An increased number of dropouts was rec-
orded at each of the three follow-up examina-
tions. The dropout rate remained relatively 
low as long as the pupils were still attending 
school (BO I to BO III). The highest number 
of dropouts was noted as expected at the fol-
low-up examination performed 11 years after 
the pupils had left school. The reasons most 
frequently cited for this disproportionate in-
crease were change of address, lack of time 
and insufficient further interest in the study. 

Of the 740 pupils taking part in the study 
when it started in 1982/83, 136 were still 
available for follow-up in 2001/02. All of the 
individual longitudinal analyses are based on 
this finally remaining follow-up population 
of 136 subjects (�Fig. 3, �Fig. 4). The four 
cross-sectional analyses of the individual 
parts of the study, in contrast, were always 
based on the total number of study partici-
pants in each part (�Fig. 1)  

Examination methods 

On each of the four examination dates, the 
study participants were individually examin-
ed and interviewed. The following methods 
were employed: 
● questionnaire, 
●  various body measurements, 
●  photoplethysmography, 
●  physical examination, 
●  CW Doppler (all study series), 
●  colour-coded duplex scanning (BO IV 

only). 
 

Tab. 1  
Survey of the 
Bochum  Study (BO) 

study phase BO I BO II BO III BO IV 

year 1982/83 1986/87 1990/91 2001/02 

age (years) 0010–12 0014–16 0018–20 0029–31 

n 0740 0518 0459 0136 

women / men 0396 / 344 0292 / 226 0253 / 206 0087 / 49

What is lacking are longitudinal epidemi-
ological studies measuring and following the 
incidence and prevalence of chronic venous 
disease. The only study of this kind so far, 
namely the Framingham Study (2), is mainly 
of historical interest since it did not use stan-
dardized methods of data collection for its 
analysis. Our own study, the Bochum Study 
instituted in 1982 on the occurrence and 
longitudinal development of chronic venous 
disorders in the second and third decade in 
life, aims to close this gap (13–17). 

The international CEAP classification 
standardized the grading of the various signs 
and features of chronic venous disorders. 
This system has recently undergone further 
refinement culminating in the Revised Ver-
sion of the CEAP Classification for Chronic 
Venous Disorders (4). According to the CEAP 
system, telangiectasias and reticular veins are 
no longer classified as varicose veins (VV) but 
as venous abnormalities (VA). VA alone do 
not justify a diagnosis of chronic venous dis-
ease or chronic venous insufficiency since tel-
angiectasias and reticular veins can also be 
found in healthy individuals. This view is in 
general becoming increasingly accepted and 
is supported by recent epidemiological 
studies with a study design reflecting the 
CEAP classification (3, 8, 10, 12). 

The presented prospective study, which 
covers a period of almost 20 years, has ex-
plored the incidence and progression of all 
phlebological findings (including VR, VV 
and VA) occurring between childhood and 
adulthood. In particular, it aimed to answer 
the following questions: 
●  Which phlebological findings can be 

detected ? When and how often did they 
occur in this study? 

●  When and for what reason does a varicos-
ity develop in a healthy vein? 

●  Are visible varices preceded by refluxes?  
If so, what is the latency period? 

●  Is it possible to identify individuals at risk? 
If so, what consequences can be derived 
from this? 
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This analysis explores the morphological and 
ultrasound venous findings. The measure-
ments of venous function over time perform-
ed with the aid of photoplethysmography 
have already been published (17). An 
additional  publication on the importance of 
possible  risk factors is in preparation. 

The morphological venous assessment – 
like the ultrasound examination – was per-
formed in each study participants by an ex-
perienced phlebologist on our physician 
team. During BO I to BO III these examina-
tions were carried out on at the respective 
schools. The investigators were allotted two 
class periods – a total of 1,5 hours – to exam-
ine a group of subjects consisting of about 20 
to 25 pupils; instruction by the teachers was 
cancelled during this time. Venous sono-
graphic examination was performed with a 
directional CW-Doppler device (Blood 
Veloci meter BV 380, Kranzbühler & Sohn, 
Germany). The examination method of du-
plex sonography was not yet available when 
the study began in 1982/83. 

For the Bochum Study IV, the investigators 
first had to locate the study participants. They 
subsequently contacted them and asked them 
to report to our hospital for a follow-up exam-
ination. Since the method of color-coded du-
plex sonography was now available to the study 
team, both techniques (CW Doppler: Sonodop 
7000 CW, Sono technik GmbH, Markt 
Schwaben, Germany, and color-coded duplex 
scanning: Sonoline Elegra , Siemens AG, 
Erlangen , Germany) were used during BO IV. 

The clinical findings for each patient were 
graded according to the CEAP classification 
(4). Further subclassification was undertaken 
on the basis of anatomic criteria. The venous 
abnormalities (clinical class C1) were sub-
divided into telangiectasias and reticular 
veins. The findings of varicose veins (clinical 
class C2) were subdivided into trunk varices 
of the great saphenous vein (GSV) and the 
small saphenous vein (SSV), incompetent 
perforating veins and tributary varices.  

In the category of venous refluxes, both 
superficial refluxes (GSV and SSV) and deep 
axial refluxes (popliteal vein and ileofemoral 
transition) were diagnosed. Among the refluxes 
of the GSV and SSV, refluxes of clinically mani-
fest varicose veins as well as preclinical refluxes 
(i. e. without detectable varicose dilatation of the 
vein) were registered; in each case the reflux 
length was classified by Hach stage (6, 7). 

Statistics 

The results are presented descriptively in the 
text, tables and graphics. The prevalence of 
VA, VV and VR was described consecutively 
from BO I to BO IV and the clinical course 
evaluated.  

Exact confidence intervals for the percen-
tage values were taken from the scientific tables 
in Documenta Geigy (7th edition 1977). To ex-
plore the question of whether the manifes-
tation of truncal varicose veins is preceded by a 
reflux in the same vein, a Sign Test of statistical 
significance was performed (11). The thresh-
old for significance was defined in advance as 
p  =  0.05 for a two-tailed question. The empiri-
cally found p value was given descriptively. 

Results 

Incidence and prevalence of venous 
abnormalities, varicose veins and 
venous refluxes (BO I to BO IV) 

The first step in the final study analysis was to 
perform statistical cross-section analyses of 

the individual study phases. The comparison 
of these four statistical „snapshots“ provides 
valuable information on the dynamic devel-
opment of all the phlebological findings eli-
cited during the 19-year observational period 
of the study, i. e. during the second and third 
decades of life (�Fig. 1).  

During BO I, when the subjects were aged 
10–12, none of the study participants had 
varicose veins of any kind. A few preclinical 
refluxes, all without visible varicose dila-
tation, were found, however, in the great sa-
phenous vein (GSV) in 2.4% of the study par-
ticipants, and in the small saphenous vein 
(SSV) in 0.1%. In the category of venous ab-
normalities, telangiectasias were totally ab-
sent; however, reticular veins of a very dis-
crete nature were already found in 10.7% of 
the study participants (�Fig. 1, �Fig. 2a). 

VV were encountered for the first time 
when the study participants were aged 14–16 
(BO II) and covered the entire spectrum of 
VV types (�Fig. 1, �Fig. 2c). However, these 
varices were very discrete and affected only a 
small percentage of the study population 
(truncal varices of the GSV in 1.6%, truncal 
varices of the SSV in 0.2%, tributary varices in 
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0.8% and incompetent perforating veins in 
4.1%). The number of refluxes was distinctly 
higher than the number of manifest truncal 
varices (refluxes of the GSV in 10.4%, refluxes 
of the SSV in 1.9%). Likewise, all types of VA 
were now represented including telangiecta-
sias (reticular veins in 30.3%, telangiectasias 
in 3.7%) (�Fig. 1, �Fig. 2b). These were also 
without exception minimal clinical findings. 

A further increase was recorded when the 
study participants were 18–20 (BO III). An 
increase was noted in both VV (truncal va-
rices of the GSV in 2.0%, truncal varices of 
the SSV in 1.3%, varices of tributary veins in 
5.0% and incompetent perforating veins in 
5.2%) and VA (reticular veins in 35.3%, tel-
angiectasias in 12.9%). The same observation 
applied for the VR (refluxes of the GSV in 
13.5%, refluxes of the SSV in 6.3%). The 

prevalence of these VR continued to be sev-
eral times higher than that of the visible trun-
cal varices. The clinical picture presented by 
the VV was still negligible without exception 
(�Fig. 1, �Fig. 2d, 2e). Severe or moderate 
findings, i. e. findings of the kind seen regu-
larly in the patients coming to our consul-
tation hours, were completely absent in the 
study participants. The same is true of the ve-
nous abnormalities: here the insignificance of 
the clinical findings was in sharp contrast to 
the high prevalence values, which reached 
two digits for both forms of VA. 

During BO IV, carried out when the sub-
jects were aged 29–31, the highest prevalence 
recorded to date in the study was noted for all 
forms of VV and VA (truncal varices of the 
GSV in 11%, truncal varices of the SSV in 
1.5%, varices of tributary veins in 17.7%, in-

competent perforating veins in 25.7%, reticu-
lar veins in 74.3%, telangiectasias in 50.4%). 
Among the venous refluxes the same trend 
was evident in the GSV, where refluxes were 
found in as many as 20.6% of the study popu-
lation; the prevalence figures for refluxes in 
the SSV, in contrast, were characterized by 
stagnation (5.9%) (�Fig. 1). The clinical 
findings were predominantly harmless. Dur-
ing BO IV, however, findings in CEAP clinical 
grades higher than C0 and C1 were seen for 
the first time: 11 subjects (8.1%) displayed 
pathology in Grade C3, four (2.9%) displayed 
pathology in Grade C4a (3 × pigmentation, 
1 × eczema) and one study subject (0.7%) ex-
hibited a lesion in Grade C4b (mild atrophie 
blanche) (�Tab. 2). 

Individual longitudinal develop -
ment  of varices and refluxes 

On the basis of the core study population 
(n  =  136) which remained in the study from 
BO I to BO IV, it is possible to estimate the 
longitudinal course in the individual study 
participants. This is of great interest in par-
ticular with respect to a possible correlation 
between the consecutive development of VR 

Fig. 2 Some cases as examples  
a) reticular veins, Bochum Study I, 11-year-old boy; b) telangiectasia, Bochum Study II, 15-year-old girl;  
c) trunk and tributary VV of the GSV, Bochum Study II, 15-year-old boy; d) the same boy four years later during the Bochum Study III; 
e) initial truncal VV of the SSV, Bochum Study III, 19-year-old boy 

a) 

c) 

b) 

d) e) 
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and VV. In this context the individual longi-
tudinal developments taking place in both 
saphenous  veins are of particular interest. 

Basically, it is possible to make statements 
about the dynamics underlying the devel-
opment of varices and refluxes over time only 
for the truncal varices but not for tributary 
varices and incompetent perforating veins. 
The reason for this is that only the venous 
trunks of GSV and SSV were examined with 
Doppler ultrasound to detect refluxes in any 
case, i. e. regardless of whether there were vis-
ible VV or not. Since the variance in tributary 
varices and incompetent perforating veins is 
too large, systematic prospective reflux diag-
nostics in advance would not have been prac-
ticable for these varix types. 

Great saphenous vein 

First, the findings in the GSV for which the 
larger figures were recorded will be described 
(�Fig. 3a). At the provisional end of the 
study a total of 18 refluxes was recorded in the 
study population of BO IV (n = 136). Of these 
18 cases, 13 had also developed visible truncal 
varices in the course of the study . The statis-
tical test shows with sufficient certainty (p = 
0.039) that the manifestation of varicosity is 
preceded by a reflux in the same vein. The in-
dividual follow-up findings can be broken 
down as follows:  

In the 10–12 age group (BO I), six study 
participants displayed a reflux of the GSV; 
none of them exhibited a visible trunk vari-
cosity of this vein. The follow-up of these six 
subjects yielded the findings described below. 
One of them displayed a trunk varicosity in 

this vein four years later (BO II), a second 
eight years later (BO III), and two others dur-
ing the follow-up 19 years later (BO IV). Even 
at the last follow-up examination, the latter 
two subjects displayed only a reflux of the 
GSV without any detectable varicose trans-
formation. The incidence of refluxes and va-
rices of the GSV detected in the study popu-
lation up to this age (10–12 years) is thus 
4.4% (95% CI: 1.5–9%) and 0% (95% CI: 
0–2.5%), respectively. 

In the 14–16 age group (BO II) four new 
refluxes were recorded in the GSV. In one sub-
ject this was accompanied by a manifest trunk 
varicosity. The second and third subjects each 
displayed a trunk varicosity of this vein at the 
follow-up examination performed four years 
later (BO III) and the fourth at the follow-up 
examination after 15 years (BO IV). During 
BO II the investigators noted the only (appar-
ently) paradoxical development in the study: 
a visible trunk varicosity for which a reflux of 
the GSV was not recorded until BO IV. This 
case will be discussed separately. The 4-year 
incidence of refluxes and varices of the GSV 
detected in the study population during this 
period is thus 3% (95% CI: 1–7%) and 2% 
(95% CI: 0.5–6%), respectively. 

In the 18–20 age group (BO III) four new 
refluxes emerged. In one subject, the reflux 
was already accompanied by a visible trunk 
varicosity. In another subject, a visible trunk 
varicosity was not seen until the follow-up 11 
years later (BO IV), while the last two subjects 
still displayed only a reflux without a manifest 
varicosity even as late as BO IV. The cor-
responding 4-year incidence of refluxes and 
varices of the GSV detected in the study 

population during this period is 3% in both 
cases (95% CI: 1–7%). 

During the last part of the study (BO IV), 
which was performed when the study partici-
pants were aged 29–31, four additional re-
fluxes were again detected. One of these be-
longed to the „paradoxical“ varix-reflux se-
quence already described in BO II. Two of the 
new refluxes were already associated with a 
trunk varicosity which had also developed 
during the preceding 11-year interval. The 
latter subject displayed a reflux without a vis-
ible varicosity. The corresponding 11-year 
incidence of refluxes and varicosities of the 
GSV detected in the study population during 
this period is 3% (95% CI: 1–7%) and 4.4% 
(95% CI: 1.5–9%), respectively. 

Small saphenous vein 

In the SSV only five refluxes and three clini-
cally manifest truncal varices were detected 
up to the end of the study (BO I-IV) (�Fig. 
3b). This corresponds to an incidence of 4% 
(95% CI: 1–8%) for refluxes of the SSV and 
2% (95% CI: 0.5–6%) for varices of the SSV 
during the observation period of 19 years. 

The first reflux of the SSV was noted dur-
ing BO I, the second during BO II. As late as 
BO IV, both of these subjects still demon-
strated only a reflux without a manifest vari-
cosity. During BO III two additional refluxes 
were recorded; both were accompanied by a 
visible trunk varicosity. An additional new re-
flux, which was also accompanied by a visible 
trunk varicosity, was detected during BO IV. 

Tab. 2  
CEAP classification 
of findings in the 
Bochum  Study IV 
(multiple answers 
permitted) 

clinical classes total  
(n = 136) 

p value  

% n n men/women 

C0 no signs of venous disease  17.6 024 12 n. s. 

C1 telangiectasias, reticular veins 77.2 105 72 < 0.01 

C2 varicose veins* 28.7 039 21 n. s. 

C3 oedema 08.1 011 09 n. s. 

C4 a) pigmentation, eczema 02.9 004 02 n. s. 

b) lipodermatosclerosis, white atrophy 00.7 001 01 n. s. 

C5 healed venous ulcer 00.0 000 – 

C6 active venous ulcer 00.0 000 – 

men  
(n = 49) 

% 

24.5 

67.4 

36.7 

04.1 

04.1 

00.0 

 

 

n 

12 

33 

18 

02 

02 

00 

women  
(n = 87) 

% 

13.8 

83.8 

24.1 

10.3 

02.3 

01.1 

* all types (truncal, tributary and perforating veins); n. s.: not significant
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Length of saphenous refluxes 

On the basis of the core study population re-
maining until BO IV, the individual progression 
of reflux length in the second and third decades 
of life can be analyzed (�Fig. 4). For all refluxes 
of the GSV and SSV involving the junction zone 
– the type of reflux encountered almost exclus-
ively during our study – reflux length was deter-
mined, in addition to the qualitative reflux diag-
nosis, and classified by Hach stage (6, 7). 

The development of the 18 refluxes of the 
GSV over time is described below (�Fig. 4a). 

In the 10–12 age group (BO I) the investi-
gators already detected six short refluxes of 
the GSV (four at stage I and two at stage II ac-
cording to Hach). In the course of time reflux 
length reached stage IV in four cases and stage 
III in one case. However, one reflux remained 
at stage II during the entire 19-year observa-
tion period up to the end of the study.  

In the 14–16 age group (BO II) four new 
refluxes were found (one at stage I, two at 
stage II and one at stage III according to 
Hach). Three of them displayed progression 
in the further course of the study (one to stage 
IV and two to stage III). The fourth reflux re-
mained at stage III up to the end of the study. 

In the 18–20 age group (BO III) four addi-
tional refluxes were diagnosed (two at stage I, 
one at stage II and one at stage III according to 
Hach). Both of the new refluxes at stage I were 
still at this stage in BO IV, while the remaining 
two – at stage II and III, respectively – had 
progressed to stage IV. 

In the 29–31 age group (BO IV) an addi-
tional four refluxes were detected that had de-
veloped during the preceding 11-year interval. 
One of these was already at stage IV. In contrast, 
the remaining three were only at stage I; their 
further development remains to be seen. 

The five truncal refluxes found in the SSV 
developed as follows (�Fig. 4b): The only re-
flux of the SSV that was already present in BO 
I was at stage II and attained the maximal re-
flux length for the SSV (stage III) in BO III. 
The next reflux of the SSV, the only new one 
detected during BO II, was also at stage II and 
also reached stage III during BO III. The next 
two refluxes that appeared during BO III were 
both detected at stage I and exhibited no pro-
gression up to the end of the study. The fifth 
(and to date last) reflux recorded during 
BO IV was at stage II. Its further development 
remains to be seen.  

Discussion  

One of the most important questions in this 
context is certainly whether varices are pre-
ceded by refluxes, whether these refluxes exist 
from birth on or develop later in life, and how 
much time elapses between the detection of a 
VR without detectable VV and the manifes-
tation of a VV in this vein. Information on 
this subject would be useful for devising pre-
ventive measures or perhaps even preventive 
interventions. 

From preclinical saphenous reflux 
to manifest truncal varicosity 

The single steps in varicogenesis taking place 
in young people can be broken down rather 
clearly by evaluating the individual longitudi-
nal courses of all the study participants ex-
hibiting venous pathology in one or both sa-
phenous veins. This is especially true of the 
GSV, where the body of data was sufficiently 
large to permit a detailed analysis.  

Refluxes were demonstrated in the GSV in 
18 cases and a trunk varicosity developed in 
the same vein in 13 cases. The following se-
quence of events was observed: 
● In five cases only a VR without manifest 

VV was demonstrated. 
● In eight cases the VR occurred one or 

more study intervals in advance of the VV. 
● In four cases the VR was detected together 

with the VV. 
● In one case a paradoxical sequence was 

found in connection with a VV in BO II; 
here the VV seemed to appear earlier than 
the VR, which was not detected in this vein 
until BO IV. 

 
In eight of these twelve truncal VV cases (if we 
disregard the last case which does not lend 
itself to evaluation), the reflux occurred de-
monstrably first and varix formation came 
afterwards. The consecutive or simultaneous 
manifestation of VR and VV in the GSV, and 
the associated time intervals, can be seen 
directly  in �Figure 3a. 

Fig. 3 Correlation of venous refluxes with varicose veins during the Bochum Study (core study population of BO IV, n = 136) in the  
a) great saphenous vein; b) small saphenous vein 
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Since there were two cases in BO IV, how-
ever, with a reflux of the GSV that had already 
been detected in BO I and had not undergone 
varicose transformation even after 19 years, 
the latency period between the appearance of 
a VR and the manifestation of a VV can pre-
sumably be 20 years or longer in single cases. 
On the other hand, there were two cases in 
which the VR and the VV appeared „simulta-
neously“ in BO II and BO III, i. e. they were 
detected at the same follow-up examination 
after a four-year interval. These cases (and 
two similar cases in BO IV) do not by any 
means rule out the possibility that this par-
ticular VV was also preceded by a VR in the 
preceding follow-up interval. A time period 
of four years (or 11 years between BO III and 
BO IV) is simply too long to allow us to draw 
such a conclusion. Instead, these cases sup-
port the conclusion that the progression from 
a preclinical reflux to a clinical varicosity can 
take place within a relatively short period of 
time. The time that may elapse between the 
occurrence of a VR in a previously healthy 
vein and the varicose dilatation of this vein 
obviously ranges from a relatively short time 
period to many years.  

With respect to the one case in which the 
visible trunk varicosity of the GSV apparently 
developed before the venous reflux, this 
„paradoxical“ finding is probably attribu-
table to technical causes. Owing to the time 
limitation of a double class period (90 min), 
the investigators used a relatively schematic 
examination sequence during the CW-
Doppler examinations performed during BO 
I to BO III: in general they first looked for re-
fluxes at the junction and subsequently classi-
fied the length of these refluxes by Hach stage. 
With this approach, all VR involving the junc-
tion were naturally detected by the examiners 
whereas a segmental VR in a more distal part 
of the GSV was more likely to be overlooked. 
This reflux was probably indeed overlooked 
in previous study phases and first discovered 
during BO IV, during which the examinations 
were performed at our hospital without such 
a time constraint. Because of the way in which 
we discovered this constellation, this case 
cannot be used for assessing the order of VR/
VV development since varices can naturally 
not exist without (at least segmental) re-
fluxes. This particular case is rather evidence 
suggesting that the less common type of seg-
mental non-junctional refluxes occurs in this 

age group, too, even if only in exceptional 
cases. 

Certainly, one of the most exciting obser-
vations made in our longitudinal evaluations 
is that many VR develop into VV early on. 
Out of the total of 23 VR which were found 
from BO I to BO IV in the two saphenous 
veins (18 in the GSV and 5 in the SSV as de-
scribed below), there were seven which pro-
ceeded to a VV fast, i.e. with a latency period 
between 0 and 4 years. This proportion (7 out 
of 23 VR) corresponds to a percentage of 30% 
(95% CI: 13–53%). The percentage of cases 
with a fast progression may even be higher 
than 30%, since there were three more simul-
taneous VR/VV constellations detected in BO 
IV. However, the long time interval of 11 years 
between BO III and BO IV does not allow us 
to classify these courses in more detail. 

Our data on the sequence in which varices 
and refluxes develop in the SSV (�Fig. 3b) 
are based on very small case numbers. Up to 
the end of the study there were three instances 
of manifest VV and five instances of VR of 
this vein. The two findings of reflux alone 

were made during BO I and BO II; after 19 or 
15 years, respectively, neither of these had de-
veloped into a VV. In all three cases in which a 
VV became manifest, the VR occurred during 
the same interval in which the VV manifested 
itself. On the whole these observations are 
congruent with the spectrum of possible de-
velopments obtained from our GSV evalu-
ation. However, the two steps of varicogenesis 
cannot be broken down nearly as well for the 
SSV as for the GSV subgroup since the case 
numbers are simply too small. 

Progression of reflux length  

The examinations performed to study the de-
velopment of reflux length can provide addi-
tional insights on varicogenesis (�Fig. 4). 
Trendelenburg already postulated descend-
ing reflux propagation from the junction to 
the distal lower leg for both saphenous veins. 
This progression was later subdivided by 
Hach – depending on the reflux length at-
tained – into four (GSV) and three (SSV) 

Fig. 4 Individual 
courses of reflux 
length of the VR 
(core study 
population  of BO IV, 
n = 136) in the  
a) great saphenous 
vein  
b) small saphenous 
vein 

a) 

b)  
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stages, respectively (6, 7, 18). It has not been 
documented precisely so far whether refluxes 
in the GSV and SSV actually develop in such a 
consecutive descending manner. 

Our study provides evidence for this mode 
of reflux prolongation. All the refluxes of the 
GSV and SSV – the newly developed as well as 
the ones already present in BO I – were initially 
at a more or less short stage. Their lengths in-
creased in the course of the study. This increase 
took place at different speeds; in some cases, the 
length remained constant for a longer period of 
time. In no case did a reflux, once it had devel-
oped, recede entirely or partially (�Fig. 4).  

Downwards lengthening from the junc-
tion was the predominant – and almost ex-
clusive – mode of development seen in our 
study. As already mentioned above, there was 
some evidence, that non-junctional segmen-
tal refluxes can also occur as a rare exception 
in these young age groups.  

Limitations 

We are aware that the Bochum Study does not 
include all socioeconomic groups because of 
our decision to choose pupils at college pre-
paratory high schools as our study population. 

The decisive reason was that the resulting 
study population would stay together in 
relatively unchanged form for nine years in 
the second decade of life during which period 
most of the expected vein changes would 
start. There is no other group in Germany of-
fering the same opportunity of investigating 
the very beginnings of varicose vein 
formation not only numerically, but also on 
an individual longitudinal basis. 

Impact of puberty on varico -
genesis  and outlook for the  
fourth decade of life 

In view of the study findings obtained during 
the parts of the study (BO I-III) when the 
subjects were still at school, our study popu-
lation proved to be properly chosen for data 
collection, since there was a close correlation 
between the appearance and increase in 
prevalence of these findings and the period of 
puberty (�Figs. 1–4).  

At the start of the study in BO I (10–12 age 
group), there were no varicose veins of any 

kind. In the further course of the study, how-
ever, VV occurred and it was possible to system-
atically follow the increase in their prevalence 
and progression. In BO II (14–16 age group), 
only a small number of varicose veins were de-
tected, but these already included for the first 
time all the different types of varicose veins, i. e. 
truncal varices of the GSV, truncal varices of the 
SSV, tributary varices and incompetent perfor-
ating veins. The prevalence of all of these find-
ings increased steadily during the subsequent 
periods. The first varicose veins thus developed 
during puberty; this is true of all subtypes. 

The development of the saphenous VR 
differs slightly from the development of the 
truncal VV (�Fig. 1b, �Fig. 3). A small number 
of VR were already encountered at the beginning 
of the study. The first VR thus occurred some-
what before the first truncal VV, namely during 
or shortly before puberty. In any case, the vast 
majority of the VR seen in our study population 
were not present at birth. This observation rules 
out a congenital valve defect as possible cause of 
venous decompensation leading to varicose vein 
formation later in life – analogous to a congeni-
tal heart failure leading to dilatation and insuffi-
ciency of the myocardium over time. 

The prevalence of VR increased in each 
part of the study and was always higher than 
the prevalence of truncal varices (�Fig. 1b). 
This was true of both saphenous veins. A com-
parison of the development of the prevalence 
of VR and VV, respectively, provides addi-
tional information and makes it possible, in 
particular in the GSV subgroup, to look ahead 
to the near future. The prevalence of VR in the 
GSV was 13.5% among the study participants 
aged 18–20 in BO III. The varices did not at-
tain a similar prevalence (namely 11%) until 
11 years later in BO IV (29–31 age group). 
Since the figures for VR were much higher 
(20.6%) in BO IV as well, we can expect to see 
additional truncal VV appearing successively 
in the upcoming fourth decade of life. 

A similar trend was observed in the inci-
dence and prevalence figures for VA (reticular 
veins and telangiectasias) as well as for VV; 
however, the percentages are much higher in 
this CEAP class (�Fig. 1a). The first telangiec-
tasias occur during puberty, the first reticular 
veins perhaps somewhat earlier. Reticular 
veins were in any case the earliest morphologi-
cally detectable venous finding. They were al-
ready present in two-digit percentages during 
BO I (10.7%); however, their clinical appear-

ance was quite unassuming at this stage. The 
prevalence of both C1 findings rose sharply in 
the course of the study. Among the study par-
ticipants aged 29–31 in BO IV, about 75% had 
reticular veins and 50% telangiectasias, while 
only 18% were free of any signs (�Tab. 2). As 
in all comparable studies performed to date, 
findings in CEAP class C1 accounted for the 
largest share of the detectable venous changes 
recorded in our study. These data will be com-
mented on only briefly here, since findings in 
grade C1 were not the focus of our study. 

Conclusions 

The study results presented here provide 
good substantiation of our postulated con-
cept in which varicogenesis takes place in 
three (more or less) successive stages from the 
healthy vein over the preclinical reflux to the 
manifest varicosity. Owing to the total or al-
most total absence of venous findings at the 
beginning of the study, the data analysis 
allows conclusions to be drawn not only 
about the 20-year study period itself but also 
about the preceding decade and in this 
manner about the first three decades of life. 

Most VR seen in the study developed dur-
ing puberty; after puberty, distinctly fewer VR 
were noted (BO I: 10–12 years, 2.5%; BO III: 
18–20 years, 18.5%; BO IV: 29–32 years, 25%). 
The vast majority of the VR were thus demon-
strably not present from birth on. Preclinical 
VR are therefore as a rule not attributable to a 
congenital dysplasia or agenesia of the venous 
valves. Instead, they develop in clinically 
healthy veins in the course of a person's life. 

On the basis of our study results, it can be 
stated with sufficient certainty that manifest 
truncal varices are preceded in many if not all 
cases by venous refluxes (p < 0.039). The speed 
at which this varicose transformation takes 
place ranges from a relatively short period (i. e. 
a non-determined period of less than four 
years) to 20 or more years. In roughly one third 
of these cases, the transformation takes place 
during a period of time between zero and four 
years following the appearance of the reflux. 

The first occurrence and rapid rise in 
prevalence of all clinical and preclinical venous 
findings during the second decade of life indi-
cate that, at a young age (i. e. during the first to 
third decades), growth and the process of ma-
turing during puberty are the decisive risk fac-
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tors and not age itself (in the sense of merely an 
increase in years) as is the case later in life. 

Genetic factors play an important role 
here. This applies already to the manifestation 
of VR (and not only of VV and VA) – an obser-
vation that emerged clearly during our longi-
tudinal study. VR occurred earlier in individu-
als with a familial predisposition and dis-
played a higher prevalence and longer mean 
length of reflux in all parts of the study than in 
the control group with a family history 
negative for venous disease (data analysis of 
the Bochum Study on possible risk factors for 
varicogenesis, publication in preparation). 

The preclinical saphenous refluxes occur-
ring as early as the second and third decades of 
life represent a unique precursor sign allowing 
us to identify individual patients with a high 
risk of developing venous disease. According to 
our results, the demonstration of such a VR 
constitutes a 30% risk (95% CI: 13–53%) that 
an individual will develop a VV in the same vein 
within the next four years. Preventive follow-up 
examinations are therefore indicated and 
should initially be performed every two years. 
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