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sure at the distal end reaches the steady 
value of  74.5 mmHg which is identical to 
the value obtained for the valveless vessel.  

Figure 6b, presents the computed cross 
sectional area ratio against time at the dis-
tal end of  the valve vessel for the same 
timeframe as that shown in Figure 6a. Su-
perimposed are the results obtained for the 
valveless vessel.  The cross sectional area 
ratios exhibit  similar behaviour to the pres-
sure results shown in Figure 6a. Focusing 
on the maximum cross sectional area ratio 
for the valve vessel,  a value of  1.1 is ob-
tained. This indicates an increment in the 
cross sectional area of  10% when com-
pared to the starting condition.  This is  5% 
less than the valveless case and just  2% 
more than the unavoidable cross-sectional 
area due to the hydrostatic steady  condi-
tion. Note, that pressure and area are re-
lated to each other through the mathemati-
cal law described in the methods section 
and seen in Figure 2.

Discussion

Having developed a suitable, accurate nu-
merical scheme to solve the equations 

governing one-dimensional unsteady  flow 
through a collapsible tube [11], the current 
paper examines the effect of  venous aval-
vulia on a representation of a human vein. 
The results obtained in the absence of  a 
valve were very  oscillatory  and the over-
shoot associated with the dynamic system, 
was approximately  twice the hydrostatic 
steady  value. Furthermore, the cross-
sectional area of  the vessel associated with 
the dynamic system was approximately 
15% higher than at the starting condition. 

A valve was subsequently  introduced at the 
midpoint of  the vein. Because the system 
was oscillatory, the focus was on the early 
phase of  the simulation. The results ob-
tained from this simulation showed that a 
single valve in the middle of  the vein can 
have a significant effect on the resultant 
pressures and cross-sectional area, caus-
ing an absolute pressure reduction of  over 
40 mmHg (Figure 6a). Furthermore, a re-
duction in vein cross sectional area of  5% 
was observed when compared with the re-
sults obtained for a vein with no valve. 
These results validate the hypothesis  that 
“venous valves protect the wall of the vein 

below each valve from the pressure in the 
vein above it when gravity is applied” [16].

The above findings shed light  on clinical 
observations in patients  with venous avalvu-
lia and the associated development of  vari-
cose veins.  In the absence of  a valve, the 
vessel is subjected to higher transmural 
pressures which cause the vessel to ex-
pand. 

Conclusions

Analyses of  a vessel both with and without 
a valve have provided qualitative and quan-
titative information on the system behaviour 
under the instantaneous application of 
gravity. Furthermore this allows direct com-
parison of  the two cases and conclusions 
regarding the effects of  avalvulia to be 
made.

In summary, this  paper presents what is 
believed to be the first attempt at quantita-
tive analysis and critical examination of  the 
effects of  venous avalvulia under gravita-
tional loads associated with change of  pos-
ture.

Figure 6. (a) Pressure against time at the distal end of the vessel with and without valve as indicated by the vein section diagrams. (b): 
Cross sectional area ratio against time at the distal end of the vessel with and without a valve.
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PEDIATRIC HEART FAILURE AND 
TRANSPLANTATION 

The Division of Pediatric Cardiology in the 
Department of Pediatrics at Stanford Uni-
versity School of Medicine seeks applicants 
for a faculty position for an academic physi-
cian with clinical expertise in pediatric heart 
failure and/or transplantation. The success-
ful applicant will be appointed to the Stan-
ford University Medical Center Line Profes-
soriate at the Assistant, Associate or Full 
Professor level commensurate with the 
applicant’s experience. He or she will join 
an outstanding group of pediatric cardiolo-
gists who provide clinical care and perform 
research within a coordinated cardiovascu-
lar program, The Children’s Heart Center at 
Lucile Packard Children’s Hospital.  Exten-
sive opportunities exist for prospective clini-
cal and translational research through col-
laborations with investigators in the De-
partments of Medicine, Radiology, Health 
Research and Policy and through the 
School of Medicine, as well as the School 
of Engineering, the Stanford Program in 
Bio-X and the Stanford Cardiovascular 
Institute. The major criteria for appointment 
for faculty in the Medical Center Line shall 
be excellence in the overall mix of clinical 
care, clinical teaching, scholarly activity that 
advances clinical medicine, and institutional 
service appropriate to the programmatic 
need the individual is expected to fulfill. 
Stanford University is an equal opportunity 
employer and is committed to increasing 
the diversity of its faculty. It welcomes 
nominations of and applications from 
women and members of minority groups, as 
well as others who would bring additional 
dimensions to the university's research, 
teaching and clinical missions. 

Interested candidates should send a copy 
of their curriculum vitae, a brief letter outlin-
ing their interests and the names of three 
references to: Daniel Bernstein, MD, Chief, 
Division of Pediatric Cardiology, Stanford 
University, 750 Welch Road, Palo Alto, CA  
94304; email:  danb@stanford.edu.
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