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Abstract
Purpose: This review study pays attention to motive forces that influence the return of venous blood 
and venous hemodynamics in the lower extremity, deals with the occurrence and hemodynamic 
consequences of saphenous reflux, assesses the pathogenic significance of calf perforators and 
femoral and popliteal vein incompetence, and explains the term hemodynamic paradox. 

Method: Information gained from PubMed and based on 28 articles published in the literature was 
used to compile the article. 

Results: Calf pump activity is the most important motive force propelling venous blood from the 
lower extremity toward the heart against the gravitation force. It produces decrease in venous 
pressure below the knee, creates ambulatory pressure gradient and thereby preconditions for the 
occurrence of saphenous reflux. Saphenous reflux causes ambulatory venous hypertension. Calf 
perforators do not induce hemodynamic disturbance; the outward flow within them is no reflux but 
a physiological, toward the heart oriented flow. Similarly, femoral and popliteal vein incompetence 
per se does not cause hemodynamic disorders. The tenacious tendency of varicose veins to recurrence 
is caused by a curious hemodynamic phenomenon called hemodynamic paradox.

Conclusions: Saphenous reflux in primary varicose veins is responsible for the development of the 
hemodynamic disorders and chronic venous insufficiency, whereas incompetent calf perforators 
and incompetence of the femoral and popliteal vein are hemodynamically irrelevant. A curious 
phenomenon called hemodynamic paradox is apparently responsible for the tenacious tendency of 
varicose veins to recur.
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Introduction
Venous hemodynamics in the lower extremities and the pathophysiology of the venous return 

to the heart are a contentious issue in phlebology. This concerns especially the significance of 
saphenous reflux, the role of calf perforators, and the implication of femoral and popliteal vein 
incompetence. Based on the results of venous pressure and flow measurements as well as on 
plethysmographic findings published in the literature, this article discusses the contentious topics, 
attempts to delineate the factual hemodynamic conditions in the lower extremities, and mentions a 
hemodynamic phenomenon that might be responsible for the tenacious tendency of varicose veins 
to recur.

Motive Forces of the Venous Hemodynamics
At rest, the venous return to the heart is driven by vis a tergo, which is the resting energy 

produced by the heart and transmitted through the capillary bed into the venous system; its value — 
the pressure difference between the venules and the right atrium — is about 15 mmHg. In addition 
to this cardiac energy, calf muscle pump produces a very effective supplementary motive force that 
substantially enhances the venous return.

In the quiet standing position, the pressure in the veins of the lower extremity is determined by 
the gravitation; it increases by 0.8 mmHg per centimeter beneath the right atrium and, depending 
on the body height, reaches the value of 80 mmHg to 100 mmHg above the ankle. This condition has 
been called hydrostatic venous hypertension, and comes about both in varicose vein patients and in 
healthy people. In varicose vein disease, the effect of the hydrostatic pressure is further potentiated 
by increased intra-abdominal pressure propagating into the veins of the lower extremity. The 
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combined effect of the hydrostatic and increased intra-abdominal 
pressure causes distention of the veins, induces incompetence of 
venous valves, and enables the occurrence of venous reflux. Moreover, 
vein walls in varicose vein patients are impaired by inherent defective 
structure and predisposed to increased distensibility and decreased 
contractility.

Calf pump activity influences considerably the venous 
hemodynamics. Calf muscle contraction increases the venous 
pressure by about 80 mmHg in deep lower leg veins [1], which propels 
the venous blood predominantly into the popliteal vein, but a part of 
the venous blood is expressed via calf perforators into the saphenous 
system and continues in the centripetal direction into the femoral 
vein and furthermore toward the heart. Thus, there is a double-
barreled outflow tract for the venous return in the lower extremity.

During calf muscle relaxation and/or continued calf pump activity 
the high hydrostatic pressure in the veins below the knee decreases 
significantly to about 25 mmHg; this phenomenon has been called 
physiological decrease in ambulatory venous pressure. In contrast to 
that, the venous pressure in the popliteal and femoral veins does not 
decrease; it fluctuates during calf pump activity but keeps principally 
the level of high hydrostatic pressure. In this way, calf pump activity 
produces a pressure difference with higher pressure in thigh veins 
and lower pressure in lower leg veins; it has been called ambulatory 
pressure gradient, achieves the value of 37.4 mmHg ± 6.4 mmHg, and 
is the essential factor triggering venous reflux in incompetent veins 
[2].

The Hemodynamic Impact of Venous Reflux
Venous reflux is a very important pathogenic factor. It comes 

into effect during calf pump activity, streams in incompetent veins 
of the lower extremity in the centrifugal direction (away from 
the heart), interferes with the physiological decrease in pressure 
in the veins below the knee and causes here ambulatory venous 
hypertension. It is necessary to differentiate between the hydrostatic 
venous hypertension, which is induced by the gravitation force, 
and ambulatory venous hypertension, which is evoked by venous 
reflux during calf pump activity. Saphenous reflux in primary 
varicose veins, i.e., centrifugal streaming in the incompetent great 
and/or small saphenous vein is responsible for the occurrence of 
the hemodynamic disorders. The blood volume ejected from deep 
lower leg veins during calf muscle contraction is replaced more or 
less during calf muscle relaxation (diastole) by the blood refluxing 
through the incompetent saphenous system, which counteracts the 
physiological decrease in venous pressure in the veins below the 
knee and induces, depending on reflux intensity, various degrees of 
ambulatory venous hypertension. Plethysmographic methods are 
able to quantify the hemodynamic disorders and the reflux intensity 
by means of several parameters. Venous filling index indicates reflux 
intensity in ml/s; it is gained using air plethysmography. If the ejected 
and refluxing blood volumes equal, no decrease of pressure occurs 
during calf pump activity and the severest grade of ambulatory 
venous hypertension arises. 

Saphenous reflux is characterized by drainage of blood from 
superficial thigh veins into deep lower leg veins; this pathological 
phenomenon is distinctive of primary varicose veins; no such 
drainage occurs in healthy people.

The Pathogenic Significance of Calf 
Perforators

The pathogenic significance of calf perforators continues to be 

a contentious issue. According to the generally accepted opinion 
established since the publications by Linton [3] and Cockett and 
Jones [4], calf perforators in healthy people are allegedly fitted with 
competent valves enabling exclusively unilateral flow from superficial 
into deep lower leg veins. It has been asserted that if these valves 
become incompetent, they enable outward flow from deep lower leg 
veins into the saphenous system; this outward flow has been denoted 
reflux and considered to be the main factor causing ambulatory 
venous hypertension. This theory continues to be still acknowledged, 
although it has never been confirmed by conclusive proofs. On the 
contrary, it has been proven that this conception is at odds with the 
reality. First, the outward flow within calf perforators is no reflux; it 
is the exact opposite of reflux. Whereas venous reflux is a centrifugal, 
diastolic flow streaming inward within calf perforators and causing 
ambulatory venous hypertension, the outward flow within calf 
perforators is a centripetal, systolic flow streaming in the physiological 
direction toward the heart and causing no hemodynamic disturbance. 
Bjordal [5] measured venous pressure directly in incompetent calf 
perforators during calf pump activity; he documented that the high 
hydrostatic pressure decreased and reached the value of the low 
physiological ambulatory pressure, once the saphenous reflux was 
interrupted. Thus, no ambulatory venous hypertension occurred 
in incompetent calf perforators but a physiological decrease in 
venous pressure took place here during calf pump activity. Second, 
there are many calf perforators; as a whole, they do not behave as a 
competent system, neither in healthy people. That was documented 
by simultaneous venous pressure recordings in the posterior tibial 
vein and the great saphenous vein in healthy people [6]. The pressure 
curves were nearly identical showing the same increase in pressure in 
both veins during calf muscle contractions and decrease during calf 
muscle relaxations, which documented free pressure transmission 
between deep and superficial veins of the lower leg. Competent calf 
perforators would hinder the increase of systolic pressure in the great 
saphenous vein. This is evident from the pressure/flow behavior across 
the mitral valve in the heart. Whereas the systolic pressure in the 
left ventricle increases to about 120 mmHg, competent mitral valve 
precludes increase in pressure in the left atrium. Incompetent mitral 
valve enables regurgitant flow, which is accompanied by increase in 
pressure in the left atrium. Deep and superficial veins of the lower 
leg form conjoined vessels enabling free pressure transmission and 
bidirectional flow not only in varicose vein patients but also in 
healthy people. Bjordal [5] performed, in addition, electromagnetic 
flow measurements in incompetent calf perforators; he evidenced 
that the refluxing flow in calf perforators was directed inward, into 
deep lower leg veins.

As mentioned above, the hemodynamic disturbance in varicose 
vein disease is evoked by the saphenous reflux [7]. The greater the 
intensity of saphenous reflux, the severer the clinical staging, the 
more pronounced the ambulatory venous hypertension and the 
hemodynamic disturbance, and the larger the diameter of calf 
perforators and of other segments of superficial and deep veins, 
in which the Trendelenburg’s “private circulation” takes place. 
The diameter of these enlarged venous segments diminishes after 
abolition of saphenous reflux [8,9].

The Hemodynamic Impact of Superficial 
Femoral and Popliteal Vein Incompetence

Another controversy concerns the hemodynamic impact of 
superficial femoral vein incompetence. Whereas some authors 
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assert that the superficial femoral vein incompetence does not 
produce hemodynamic disturbance [10-13], the current opinion 
argues that incompetence of the femoral vein causes pronounced 
venous derangement [14-18]. It must be taken into account that 
various segments of the deep veins possess a different hemodynamic 
significance. It is generally assumed that iliac vein incompetence is 
hemodynamically irrelevant. On the other hand, incompetence of 
all deep lower leg veins (posterior tibial, anterior tibial and fibular 
veins) causes an irreparable damage to the calf muscle venous pump 
and induces severe hemodynamic disorder. As concerns femoral 
vein incompetence, in most studies presenting results after femoral 
valve repair the saphenous reflux was also abolished, so that the real 
hemodynamic improvement attributable to the femoral valve repair 
could not be evaluated. When only selective femoral valve repair was 
performed, either no improvement or only a light and transitory 
improvement of several hemodynamic parameters was achieved [19-
22]. On the other hand, selective abolition of the great saphenous 
vein reflux in cases with combined saphenous and femoral vein 
incompetence restored normal venous hemodynamics in spite of 
persisting femoral vein incompetence [23,24]. It follows that femoral 
vein incompetence does not induce hemodynamic derangement in 
cases with competent saphenous system and competent deep lower 
leg veins.

Notwithstanding, the superficial femoral and popliteal vein 
incompetence has some hemodynamic relevance. It apparently 
promotes the development of small saphenous vein incompetence. 
Small saphenous vein incompetence occurs 3-4 times less frequently 
than great saphenous vein incompetence, although the hydrostatic 
pressure is distinctly higher at the sapheno-popliteal junction than 
at the sapheno-femoral junction. Competent valves in the superficial 
femoral vein protect the small saphenous vein from the dilatation 
effect of the increased intra-abdominal pressure. It was found out 
that small saphenous vein incompetence was accompanied with 
incompetence of the deep venous axis (popliteal vein, superficial 
femoral vein) in the vast majority of patients [12,25]. In a similar way, 
in patients with great saphenous vein incompetence the deep veins 
above the sapheno-femoral junction (common femoral, iliac) are 
incompetent as well [26,27], so that enough blood volume is available 
in this venous reservoir to counteract the physiological decrease in 
pressure in the veins below the knee.

The Hemodynamic Paradox
Treatment of varicose veins generates a curious phenomenon. 

Abolition of saphenous reflux removes the ambulatory venous 
hypertension of any degree of severity and restores normal 
hemodynamic values, but at the same time it generates preconditions 
for reflux recurrence. This chain of events starting the same trouble 
while fixing the problem has been called hemodynamic paradox [28]. 
In healthy people, the dividing line of the ambulatory pressure gradient 
is located at the beginning of the popliteal vein below the knee. After 
abolition of saphenous reflux in varicose vein patients, the blood 
contained in incompetent superficial thigh veins is drained during 
calf pump activity into deep lower leg veins, and the low ambulatory 
pressure extends from deep lower leg veins into the remainder of 
the saphenous system in the thigh. As a consequence, a pressure 
difference arises between the femoral vein and the superficial veins in 
the thigh and triggers the following run of events: pressure gradient 
→ increased flow through preformed tiny communicating venous 
channels between the femoral vein and incompetent superficial veins 

→ enhanced fluid shear stress on the endothelium → release of nitride 
oxide and vascular endothelial growth factor → progressive dilatation 
of the communicating channels → recurrent reflux. The relocation of 
the dividing line of the ambulatory pressure gradient from below the 
knee into the thigh might be the reason for the tenacious tendency of 
varicose veins to recur.

References
1. Arnoldi CC. Venous pressure in the leg of healthy human subjects at rest 

and during muscular exercise in nearly erect position. Acta Chir Scand. 
1965;130:573-83.

2. Recek C, Pojer H. Ambulatory pressure gradient in the veins of the lower 
extremity. Vasa. 2000;29(3):187-90.

3. Linton RR. The communicating veins of the lower leg and the operative 
technic for their ligation. Ann Surg. 1938;107(4):582-93.

4. Cockett FB, Jones DE. The ankle blow-out syndrome; a new approach to 
the varicose ulcer problem. Lancet. 1953;1(6749):17-23.

5. Bjordal RI. Circulation patterns in incompetent perforating veins in the 
calf and in the saphenous system in primary varicose veins. Acta Chir 
Scand. 1972;138(3):251-61.

6. Hojensgard IC, Sturup H. Static and dynamic pressures in superficial 
and deep veins of the lower extremity in man. Acta Physiol Scand. 
1952;27(1):49-67.

7. Recek C. Saphenous reflux causes venous hemodynamic disturbance in 
primary varicose veins and chronic venous insufficiency. (German). Acta 
Chir Austriaca. 1998;2:75-6.

8. Recek C, Karisch E, Gruber J. Diameter alterations of calf perforators and 
deep veins in the lower leg after abolition of saphenous reflux (German). 
Phlebologie. 2000;29:37-40.

9. Stuart WP, Adam DJ, Allan PL, Ruckley CV, Bradbury AW. Saphenous 
surgery does not correct perforator incompetence in the presence of deep 
venous reflux. J Vasc Surg. 1998;28(5):834-8.

10. Gooley NA, Summer DS. Relationship of the venous reflux to the site of 
venous valvular incompetence: Implications for venous reconstructive 
surgery. J VascSurg.1988;7:50-59.

11. Pearce WH, Ricco JB, Queral LA, Flinn WR, Yao JS. Hemodynamic 
assessment of venous problems. Surgery. 1983;93(5):715-21.

12. Recek C, Hammerschlag A. What hemodynamic significance has the 
incompetence of the femoral and popliteal vein? (German). Phlebologie 
1998;27:15-8.

13. Shull KC, Nicolaides AN, Fernandes é Fernandes J, Miles C, Horner J, 
Needham T, et al. Significance of popliteal reflux in relation to ambulatory 
venous pressure and ulceration. Arch Surg. 1979;114(11):1304-6.

14. Kistner RL. Surgical repair of the incompetent femoral vein valve. Arch 
Surg. 1975;110(11):1336-42.

15. Raju S, Fredericks R. Valve reconstruction procedures for non-obstructive 
venous insufficiency: Rationale, techniques and results in 107 procedures 
with two-to eight-year follow-up. J Vasc Surg.1988;7:301-9.

16. Welch HJ, Mclaughlin RL, O'Donnell TF Jr. Femoral vein valvuloplasty: 
Intraoperative angioscopic evaluation and hemodynamic improvement. J 
Vasc Surg 1992;76:694-700.

17. Wilson NM, Rutt DL, Browse NL. Repair and replacement of deep vein 
valves in the treatment of venous insufficiency. Br J Surg. 1991;78(4):388-
94.

18. Taheri SA, Pendergast DR, Lazar E, Pollack LH, Meenaghan MA, Shores 
RM, et al. Vein valve transplantation. Am J Surg. 1985;150(2):201-2.

19. O'Donnell TF Jr, Mackey WC, Shepard AD, Callow AD. Clinical, 

https://www.ncbi.nlm.nih.gov/pubmed/5865464
https://www.ncbi.nlm.nih.gov/pubmed/5865464
https://www.ncbi.nlm.nih.gov/pubmed/5865464
http://www.ncbi.nlm.nih.gov/pubmed/11037716
http://www.ncbi.nlm.nih.gov/pubmed/11037716
http://www.ncbi.nlm.nih.gov/pubmed/17857163
http://www.ncbi.nlm.nih.gov/pubmed/17857163
http://www.ncbi.nlm.nih.gov/pubmed/13011931
http://www.ncbi.nlm.nih.gov/pubmed/13011931
http://www.ncbi.nlm.nih.gov/pubmed/5036822
http://www.ncbi.nlm.nih.gov/pubmed/5036822
http://www.ncbi.nlm.nih.gov/pubmed/5036822
http://www.ncbi.nlm.nih.gov/pubmed/13007498
http://www.ncbi.nlm.nih.gov/pubmed/13007498
http://www.ncbi.nlm.nih.gov/pubmed/13007498
https://scholar.google.com/scholar?q=Diameter+alterations+of+calf+perforators+and+deep+veins+in+the+lower+leg+after+abolition+of+saphenous+reflux&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.com/scholar?q=Diameter+alterations+of+calf+perforators+and+deep+veins+in+the+lower+leg+after+abolition+of+saphenous+reflux&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.com/scholar?q=Diameter+alterations+of+calf+perforators+and+deep+veins+in+the+lower+leg+after+abolition+of+saphenous+reflux&btnG=&hl=en&as_sdt=0%2C5
http://www.ncbi.nlm.nih.gov/pubmed/9808850
http://www.ncbi.nlm.nih.gov/pubmed/9808850
http://www.ncbi.nlm.nih.gov/pubmed/9808850
https://www.ncbi.nlm.nih.gov/pubmed/3275807
https://www.ncbi.nlm.nih.gov/pubmed/3275807
https://www.ncbi.nlm.nih.gov/pubmed/3275807
http://www.ncbi.nlm.nih.gov/pubmed/6845179
http://www.ncbi.nlm.nih.gov/pubmed/6845179
http://www.ncbi.nlm.nih.gov/pubmed/496632
http://www.ncbi.nlm.nih.gov/pubmed/496632
http://www.ncbi.nlm.nih.gov/pubmed/496632
http://www.ncbi.nlm.nih.gov/pubmed/1191027
http://www.ncbi.nlm.nih.gov/pubmed/1191027
https://www.ncbi.nlm.nih.gov/pubmed/2963146
https://www.ncbi.nlm.nih.gov/pubmed/2963146
https://www.ncbi.nlm.nih.gov/pubmed/2963146
https://www.ncbi.nlm.nih.gov/pubmed/1433656
https://www.ncbi.nlm.nih.gov/pubmed/1433656
https://www.ncbi.nlm.nih.gov/pubmed/1433656
http://www.ncbi.nlm.nih.gov/pubmed/2032094
http://www.ncbi.nlm.nih.gov/pubmed/2032094
http://www.ncbi.nlm.nih.gov/pubmed/2032094
http://www.ncbi.nlm.nih.gov/pubmed/4025699
http://www.ncbi.nlm.nih.gov/pubmed/4025699
http://www.ncbi.nlm.nih.gov/pubmed/3566530


Cestmir Recek Clinics in Surgery - Vascular Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2017 | Volume 2 | Article 14524

hemodynamic, and anatomic follow-up of direct venous reconstruction. 
Arch Surg. 1987;122(4):474-82.

20. Jamieson WG, Chinnick B. Clinical results of deep venous valvular repair 
for chronic venous insufficiency. Can J Surg. 1997;40(4):294-9.

21. Eriksson I, Almgren B. Surgical reconstruction of incompetent deep vein 
valves. Ups J Med Sci. 1988;93(2):139-43.

22. Johnson ND, Queral LA, Flinn WR, Yao JS, Bergan JJ. Late objective 
assessment of venous value surgery. Arch Surg. 1981;116(11):1461-6.

23. Padberg FT Jr, Pappas PJ, Araki CT, Back TL,  Hobson RW 2nd. 
Hemodynamic and clinical improvement after superficial vein ablation 
in primary combined venous insufficiency with ulceration. J Vasc 
Surg. 1996;24(5):711-8.

24. Ting AC, Cheng SW, Wu LL, Cheung GC. Changes in venous 
hemodynamics after superficial vein surgery for mixed superficial and 
deep venous insufficiency. World J Surg. 2001;25(2):122-5.

25. Hauser M, Brunner U. New pathophysiological and functional aspects 
concerning the incompetence of small saphenous vein (German).VASA 
1993;22:338-41.

26. Trendelenburg F. Ligation of the great saphenous vein in lower leg varicose 
veins (German). Beitr Klin Chir. 1891;7:195-270.

27. Ludbrook J, Beale G. Femoral venous valves in relation to varicose veins. 
Lancet. 1962;1(7220):79-81.

28. Recek C. The hemodynamic paradox as a phenomenon triggering 
recurrent reflux in varicose vein disease. Int J Angiol. 2012;21(3):181-6.

http://www.ncbi.nlm.nih.gov/pubmed/3566530
http://www.ncbi.nlm.nih.gov/pubmed/3566530
http://www.ncbi.nlm.nih.gov/pubmed/9267299
http://www.ncbi.nlm.nih.gov/pubmed/9267299
http://www.ncbi.nlm.nih.gov/pubmed/3206725
http://www.ncbi.nlm.nih.gov/pubmed/3206725
http://www.ncbi.nlm.nih.gov/pubmed/7305660
http://www.ncbi.nlm.nih.gov/pubmed/7305660
https://www.ncbi.nlm.nih.gov/pubmed/?term=8918313
https://www.ncbi.nlm.nih.gov/pubmed/?term=8918313
https://www.ncbi.nlm.nih.gov/pubmed/?term=8918313
https://www.ncbi.nlm.nih.gov/pubmed/?term=8918313
http://www.ncbi.nlm.nih.gov/pubmed/11338009
http://www.ncbi.nlm.nih.gov/pubmed/11338009
http://www.ncbi.nlm.nih.gov/pubmed/11338009
http://www.ncbi.nlm.nih.gov/pubmed/14467170
http://www.ncbi.nlm.nih.gov/pubmed/14467170
http://www.ncbi.nlm.nih.gov/pubmed/23997567
http://www.ncbi.nlm.nih.gov/pubmed/23997567

	Title
	Abstract
	Introduction
	Motive Forces of the Venous Hemodynamics
	The Hemodynamic Impact of Venous Reflux
	The Pathogenic Significance of Calf Perforators
	The Hemodynamic Impact of Superficial Femoral and Popliteal Vein Incompetence
	The Hemodynamic Paradox
	References

