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The exlstence of rhythmic contractions of micro-
vessels In umanesthetized animal piepara.tions has
been demcnstrated as earlyaag ﬁBE « Bince that
time several investigators®:2:" have documented
their experimental findings relating to some of the
intrinsic properties of these dymamic processes.
Recently?, an analytical treatment of venomotién,
as obgerved in muscular venules and smel). veins of
the wnanesthetized bat has provided quantitative re-
sults suggestive of a local post capillary control
mechenism, The analysis included some essential
characteristics of the active veasel but did not in-
clude the composite hemodynemic effect of the feed-
ing vessel charascteristics, mode of mctive vesgel
contraction, or the changes in blood guspension as-
soclated with these dynamics. It is the objective
of the work reported here to describe the hemo-
dynamle consequences of these factors.

General Approach

The active vessel is chaxacterized as a straight,
cylindrical vessel which undergoes wnlform, pericd-
ic dismeter change without shape change. The active
vesgel 1s bounded by equivalent source and drain.
vessels which are characterized by thelr respective
fluld impedances ss "seen” by the active vessel.
Source and Drain Characteristics

Teking the drain resistance to be small compared
to the ective vessel resistance, two cases of . '
special interest are distinguished for comparison
purposes as upstream conditions P and Q. In con-
dition P the source as peen by the active vessel is
taken as one of conetant pressure. ¥For this con-
dition the principal quantity of interest is the
time average of flow through the active vessel. In
condition @ the source is taken as one of constant
flow, with the primary quantity of interest being
the time average pressure gradient along the vessel.
Mode of Actlve Contraction

Independent of the upstream and downstream con-
ditions belng analyzed, there are two modes of con-
traction whilch need to be considered. The physiolw
ogical mechanism{s) producing contraction amplitude
change may occur without substantlal change in ves-
sel maximum diameter. On the other hand, different
contraction amplitudes can have essentielly the
same average diameter. Thus we distinguish between
a mode I in which the mean diemeter of the active
vesgel remalns constant with chenging eontraction
amplitude, end a mode II in which the maximum dia-
meter remains constant with changing contraction
amplitude.

Chenges in Blood Suspension

The erythrocyte concentration and hence the ap-
rarent viscoeity within the active vessel is de-
vendent upon the gource concentration and the active
vessel dimmeter. Since the active vesgel diameter
is not constant, differences in vesael fluid re-
sistance between dilated and contracted rhases axre
expected due to this factor. To investigate its
hemodynamic significangs the approach was to 1) de-
velop & relationship between source congentration
and vessel diameter; 2) derive an expression re-

lating fluid viscosity to erythrocyte concentration

Y

uging theory appliesble to heterogenecus media, and
3) to derive an exprassion for the gverage pressure
gradient.
Method of Analysis

For conditlon P, expressions were derived for the
average flow es a function of contraction amplitudes
for both modes. For experimentally determined
contraction amplitudes the calculated flows were
compared to that flow which would cccur in a non-
active vessel with a diameter equal to 1) the active
vessel's mean value end 2) to the active vassel's
maximmm diameter. For condition Q the analysis was
the same except the hemodymamié quantity was the
average yressure gradient, When the viscosity fac-
tor was included the average pressure gradient was
compared to the average gradient without viscosity
effeacte. .
Results :
1. The flow through the active vessel is larger:
for both modes than the corresponding flow hrough
the non-~active vespel when the comparison ie made
on the basis of the same aversge dlameter. TFor the
same contraction amplitude the flow ratio is larger )
for mode IT diameter variation as compared to mode
I.
2, The flow through the active vessel is smaller
for both modes than the corresponding steady fiow
when the comparison is made on the basie of the pame
maximum dismeter. For the same contraction ampli-
tude the flow ratic is smaller for mode IT diemeter
variation. ‘
3. In each case the average pressure gradient ass-
ociated with the active vessel is larger than the
corresponding non-active veegsels.
4, The derived expression for the viscosity as oy
function of concentration given by 7 = (1+2.5J:-ﬁ-)
in vhich H = hematocrit, = plasme viscogity
ggrees very well with expefimental data and con-
taing Einstein's® result as a special case., This
expression hes the advantage of being derived rather
than emplirieally fitted.
2« The effect of including the viscosity wariations
in the active vessel is to reduce the amount by
which the active vessel averasge pressure gradient
exceeds the non-active cases. This effect increases
with increasing contrsction emplitude,
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The exlstence of rhythmic contractions of micro-
veasels in unanesthetized animal preparastions has
been demonstrated as earlyaag *852 + Since that
time several. investigators<s:™ have documented
their experimental findings relating to some of the
intrinsic properties of these dynamic processes.
Recently>, an analytical treatment of venomotidn,
as cbserved in museular venules and small veins of

the unanesthetized bat has provided quantitative re-.

sults suggestive of a local post capillary control
mechanism. The analysis included some essential
characteristics of the mctive vessel but did not in-
clude the composite hemodynamic effect of the feed-
ing vesasel characteristics, mode of active vesgel
contraction, or the changes in blood auspsnsion as-
goclated with these dynamles. It is the objective
of the work reported here toc describe the hemo-
dynamic consequences of these factors.

General Approach
Thea ac%&ve vessel 1s characterized as a straight,

cylindrical vessel which undergoes wniform, period-
ic dismeter change without shape change. The active
vessel 1p bounded by eguivalent source and drain.
vessels which are characterized by their respective
fluid impedsnces as "seen" by the active vessel.
Source and Drain Characteristies

Taking the drain resistance to be small compared
to the active vessel resistance, two cases of = '
speclal Interest are distinguished for comparisom
purposes as upstream conditions P and @. In con-
dition P the source as seen by the active vessel is
taken as cne of constant pressure. For this con-
dition the principal quantity of interest is the
time average of flow through the active vessel. In
condition Q the source is taken as one of constant
flow, with the primary quantity of interest being
the time average pressure gradlent along the vessel.
Mode of Active Contraction

Independent of the upstream and downstream con-
diticns being analyzed, there are two modes of conw
traction which need to be considered. ‘The physiol-
ogical mechaniem(s) producing contraction amplitude
change may occur without substantisl change in ves-
sel maximm dlameter. On the other hand, different
contraction amplitudes can have essentially the
same average dlameter. Thus we distinguish between
a mode I in which the mean dlameter of the active
vessel remains constant with changing contraction
amplitude, and a mode II in which the maximum dia-
meter remains constant with changing contraction
amplitude.
Changes in Blood Suspension

The erythrocyte concentration and hence the ap-
parent vigcosity within the active vessel is de-
rendent upon the source concentration and the active
vessel diemeter. Since the active vessel diameter
is not constant, differences in vessel fluid re-
sistance betwveen dilated and contracted phases are
expected due to this factor. To investigate its
hemodynamic significands the approach was to 1) dew
velop a relationship between Bource concentration
and vessel diameter; 2) derive an expression re-

lating fluid viscosity to erythrocyte coOncentration

1

using theory applieable to heterogeneous media, and
3) to derive an expression for the average pressure
gradient.
Method of Analysis

For condition P, expressions were derived for the
average flow as & function of contraction amplitudes
for both modea. For experimentally determined
contraction amplitudes the calculated flows were
compared to that flow which would ocowr in a non-
active vesgel with a dlameter equal to 1) the active
vaessel's mean value end 2) to the active vassel's
maxidou diemeter. For condition Q the analysis was
the same except the hemodynamié quantity was the
average pressure gradient. When the viscosity fac-
tor was included the average pressure gradient was
compared to the average gradient without viscosity
effects. -
Results :
1. The flow through the active vessel is lar ax::
for both modes than the corresponding flow ough
the non-active vessel when the comparison 1s made
on the basis of the same average diameter. For the
same contraction amplitude the flow ratio is larger
for mode II diamster variation as coupared to-mode |
I.
2. The f£low through the active vessel is smaller
for both modes than the corresponding steady flow
when the comparison is made on the basis of the same
maximm diameter. For the same contraction empli- -
tude the flow ratio is smaller for mode ITY dlameter
varlation. :
3. In each case the average pressure gradient ass-
ociated with the active vessel is larger then the
corresponding non-sctive vessels.
4, The derived expression for the viscosity as ey
function of concentration given by 1 = (l+2‘5i'iﬁ)
in which H = hemstoorit, = plasma viscosity
agrees very well with expePimental date and con-
tains Einstein'sd result as a special case. This
expression has the advantage of being derived rather
then empirically fitted.
5. The effect of including the viscosity variations
in the active vessel ig to reduce the amount by
which the active vesgel average pressure gradient
exceeds the non-active cases. This effect increasges
wlth increasing contrasetion amplitude,
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The exlstence of rhythmic contractions of mioro-
veasels in unenesthetized animal preparations has
been demonstreted as earlyaa.g k852 . Since that
time several investigators=:<:* have documented
their experimental findings relating to some of the
intrinsic properties of these dynamic yrocesses.
Recently’, an analytical treatment of venomotién,
as cbgerved in nmuscular venules and small veins of

the unenesthetized bat has provided quantitative re-.

sults suggestive of a local post capillary control
mechanism. The snalysis ineluded some essential,
characteristics of the active vessel but did not in-
clude the composite hemodynamic effect of the feed-
ing vesael characteristics, mode of active vessgel
contraction, or the changes in blood suspsnsion as-
soclated with these dynemles. It 1s the objective
of the work reported here tc describe the hemo-
dynamic consequences of these factoras.

General %roach
The sctlve vessel is charscterized as a straight,

eylindrical vessel which undergoes wniform, period-
ic dismeter change without shape change. The active
vessel 1s bounded by eguivalent source and drain.
vessels which are characterized by their respective
fluid impedances as "seen" by the ective vessel.
Source and Drain Characteristics

Teking the drain resistance to be emall compared
to the active vessel resistance, two cases of = '
speclal Interest are distinguished for comparison
purposes as upstream conditions P and @. In con-
dition P the source as seen by the astive vessel is
taken as cne of constant pressure. For this cone-
dition the principal quantity of interest is the
time average of flow through the active vessel. In
condition @ the source ig taken as one of constant
flow, with the primary quantity of interest being
the time average pressure gradlent along the vessel.
Mode of Active Contraction

Independent of the upstream and downstream con=-
diticns being analyzed, there are two modesz of con-
traction which need to be considered. The physiol-
ogical mechaniem(s) producing contraction amplitude
change may occur without substantial change in ves-
sel maximm diameter. On the other hand, different
contraction amplitudes can have essentially the
same average dlameter. Thus we distinguish between
a mode I in which the mean diameter of the active
vessel remains constant with changing contraction
amplitude, and a mode II in which the maximum dis-
meter remains constant with changing contraction
amplitude.
Changes in Blood Suspension

The erythrocyte concentration and hence the ap-
parent viscosity within the active vessel is de-
rendent upon the source concentration and the active
vessel diemeter. Since the active vessel diameter
is not constant, differences in vessel fluid ye-
sistance between dilated and contracted phases are
expected due to this factor., To investigate its
hemodynamic significands the approach wes to 1) de-
velop a relationship between Bource concentration
and vessel diameter; 2) derive an expression re-

lating fluid viscosity to erythrocyte concentration

1

using theory applieable to heterogeneous media, and
3) to derive an expression for the average pregsure
gradient.
Method of Analysis

For condition P, expressions were derived for the
average flow as & function of contraction amplitudes
for both modes. For experimentally determined
contraction amplitudes the calculated flows were
compared to that flow which would ocewr in & non-
active veseel with a dlameter equal to 1) the active
vessel's mean value and 2) to the active vassel's
maxignm diemeter. For condition § the analysis was
the same excaept the hemodynamié quantity was the
everage pressure gradient. When the vigcosity fac-
tor was included the average pressure gradient was
compared to the average gradient without viscosity
effacts. -
Results :
1. The flow through the active vessel is Lar ar::
for both modes than the corresponding flow ough
the non-active vessel when the comparison 1s made
on the basis of the same average diameter, For the
same contraction amplitude the flow ratio is larger
for mode II diameter varietion as compared to -mode .

- L.

2. The f£low through the active vessel is smaller
for both modes than the corresponding steady flow
when the comperison is made on the basis of the same
maximm diameter. For the same contraction ampli- -
tude the flow ratio is smaller for mode IY Alameter
varlation. :

3. In each case the average pressure gradient ass-
ociated with the sctive vessel is larger than the
corresponding non-active vesgels.

4, The derived expression for the viscosity as ey
function of concentration given by 1 = (1+2‘5ﬁ)
in which H = hematocrit, = plasms viscosity
agrees very well with experimental data and con-
tains Einstein'sd result as a speclal case. This
expression has the advantage of being derived rather
than empirically fitted,

5. The effect of including the viscosity wvariations
in the active vessel is to reduce the amount by
which the active vesgel average pressure gradient
exceeds the non-active cases. This effect increases
with inecreasing contrection amplitude.
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