


EMIL MONOS, MD, PhD, DMSc

Emeritus Professor of Physiology

PPHHYYSSIIOOLLOOGGYY  
OOFF  TTHHEE  VVEENNOOUUSS  SSYYSSTTEEMM

Second edition



© Dr. Emil Monos, 2010  (ISBN 978 963 9879 65 2)

e-ISBN 978 963 331 009 0 (2010)

All rights reserved. No part of this book, wether in physical, electronic or
other form, may be copied, reproduced, distributed, transmitted, publicity
performed or displayed without the prior written consent of the copyright
holder. Nor may derivative works such as translations be produced.

Publisher: Semmelweis Publishing House
Executive publisher: Dr. László Táncos

Cover: Dr. László Táncos
Layout: Tibor Anders 
Graphics: Tibor Anders, László Kovács 
SKD 255e



TABLE OF CONTENT

Preface by Dr. A. W. Cowley, Jr.  ...........................................................................5

1.0.  Introduction .........................................................................................................8

2.0.  Physiological functions of the venous system................................12

2.1. A distensible pipe system, with one way valves, returning
blood to the heart............................................................................................12

2.2. Selective barrier.................................................................................................16
2.3. Regulated capacity function: adaptive distribution of the 

circulating blood volume..............................................................................16
2.4. Maintaining filling pressure of the heart via the venous 

return.......................................................................................................................21
2.5. Supporting orthostatic tolerance..........................................................23
2.6. Postcapillary resistance...............................................................................26
2.7. Angiogenesis.......................................................................................................27
2.8. Synthesis of bioactive substances in the vein wall.....................28
2.9. Inhibition of thromboembolic reactions ............................................31
2.10. Cooperation between venular endothelium and polymor-

phonuclear leukocytes (PMNL)..............................................................32
2.11. Immune function: organ-specific distribution of circulating 

effector lymphocytes ....................................................................................33
2.12. Special regional functions...........................................................................33

3.0.  Biomechanical properties and behavior of the veins ..................39

3.1. Passive biomechanics of veins: elastic modulus, 
distensibility, compliance.............................................................................39

3.2. Active biomechanical behavior of veins; capacity 
autoregulation and adaptation ...............................................................46

4.0.  Central venous pressure.............................................................................54

5.0.  Peripheral venous pressure ......................................................................57



6.0.  Measurement of the venous blood pressure; the reference
point ......................................................................................................................59

7.0.  Structure and operation of the venous heart (calf muscle
pump) and the abdominal-thoracic pump ........................................60

7.1. Deep venous compartment of the calf: the pump chamber....60
7.2. The superficial compartment...................................................................62
7.3. Physiological operation of the calf pump .........................................63
7.4. Insufficiency of the calf pump .................................................................66
7.5. The way abdominal-thoracic venous pump is operating.........68

8.0.  Physiological control mechanisms of the venous tone, 
an overview ......................................................................................................71

8.1. Cellular (smooth muscle, endothelium) and subcellular 
levels of control .................................................................................................71

8.2. Control mechanisms at organ and organism levels....................72

9.0.  Mechanisms supporting venous return of blood 
to the heart: a summary ............................................................................73

10.0.  Theoretical and practical aspects of maintaining healthy 
venous functions: the background of primary prevention ....74

11.0.  Bibliography ...................................................................................................76

12.0.  Index  .................................................................................................................80

13.0.  Acknowledgements  ..................................................................................84



5

PREFACE

This university booklet written by Professor Emil Monos, revised
from its first edition published in 1999, indeed represents an authori-
tative monograph of the physiology of veins. It is a unique and wel-
come contribution to our understanding of the physiology and patho-
physiology of the venous component of the circulation. The extent to
which the veins of the circulation have been neglected in the era of
modern science is rather remarkable given their fundamental impor-
tance in the overall control of capillary filtration, blood volume distri-
bution, and cardiac output of mammalian organisms, particularly in up-
right human subjects. Despite the explosive interest in vascular
biology over the past 20 years stimulated by endothelial biology, one
can find virtually no current monographs that specifically address the
venous circulation. Indeed, to learn about the physiology of veins one
must turn to superficial descriptions of the venous circulation pro-
vided by standard medical textbooks of physiology. To find mono-
graphs dedicated to veins, it is necessary to go back as early as those
written by Kenneth J, Franklin, “A Monograph on Veins” published in
1937 by C. C. Thomas (Springfield, Ill) and “A Primer of Venous Pres-
sure” by George E. Burch, M. D., published in 1950 by Lea & Feginger
(Philadelphia, Pa.).

In the present monograph, Professor Monos brings together a life-
time of research experience and a consolidation of the literature spe-
cific to the physiology of the venous system that can currently be
found in no other place. He succinctly reveals the challenges and com-
plexities of studying veins and their function (such as their elliptical
shapes requiring more complex hemodynamics and many other is-
sues), while explaining both the theoretical and practical aspects of ve-
nous function. Such an accomplished description by Professor Monos
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is presented with the great clarity and simplicity that could only be
achieved after years of teaching this subject to medical and graduate
students along with a deep understanding of venous function.

Professor Monos is to be congratulated for developing not only an
authoritative booklet that will be of great interest to professional
physiologists, but also an interesting and very readable text full of im-
portant examples of what happens in pathological states of venous
dysfunction. The booklet is organized in a way that first presents the
clinical relevance and manifestations of chronic venous disease and
proceeds to developing the underlying structural and functional char-
acteristics of veins and venules that determine the unique hemody-
namic characteristics of venous pressures and flows and the regula-
tion of these vessels. The functional relevance of the veins as they
impact upon venous return of blood to the heart, and ultimately car-
diac output control, is developed and the principles are used to explain
how the veins participate to maintain the return of blood to the heart
in the face of gravity in the upright (orthostatic) posture. The role of
post-capillary venules in determining post-capillary resistance and fil-
tration/reabsorption within organs is briefly emphasized. The passive
biomechanics of veins are covered in considerable depth given the
great functional importance of these aspects of the venous circula-
tion. As the monograph progresses, a wonderfully integrated and co-
herent description of venous function is developed from the subcel-
lular levels to control mechanisms at organ and organism levels, from
theoretical aspects of the biomechanics of veins to the practical as-
pects of maintaining normal venous function. The broad area related
to the synthesis and function of bioactive substances in the venous
walls and the role of these substances in controlling venous tone is
nicely summarized. So too are the functions of veins in special regions
of the body such as the facial vein (e.g. thermal regulation), intracra-
nial veins (e.g. buffer function of intracranial pressure), the subcuta-
neous venous plexes (e.g. thermoregulation), the portal circulation),
and veins of other regions.

In this preface I wish to emphasize the significance of a subject
whose awareness has received inadequate attention in the medical
literature. This well written monograph by Professor Monos simulta-
neously provides both an introduction to the subject of the physiology
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of veins, as well as a comprehensive review that will be of great in-
terest to even experts in the field of cardiovascular physiology. Such
a learned treatise on the veins fills an important gap in the current
medical literature.

Dr. Allen W. Cowley, Jr.

Professor and Chairman.
Department of Physiology,

Medical College of Wisconsin,
Milwaukee, WI, USA.
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