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RESISTANGE OF RENAL VESSELS IN HYPERTENSIVE
PATIENTS TREATED WETH RESERPINE

[Foliowing is the translation of an article by N. &, L.eont'yeva

entitled "0 Soprotivienii Sosudov Pochek u Bol'aykh Gipgrtoniaheskéy

Bolezntyu, Lea}xeﬁnﬁﬁl thzzerpiuém" (English version above) in
Terapevticheskiy Arkhiv {Therapeutic Archives), Vol 32, No 5,

Mascow, 1960, pages 12«1‘%;7 -

From the Chair of Propedeutics of Internal Diseases (Head -~ |

Profeasor A, M.. Damir) of the pediatric faculty of the Second
Moscow Medical Institute irneni M, L Pirogov

As is well known, a more or lesvs uniform increase in the tone
of the smooth mus culai:z;re of arterioles, which in the late stages
of the fi;‘s.‘sease. is combined with sclerotic changes in their walls,
underlies the pathagénesia of hypertensive disease, This creates 7
an increaze in the resistance to blood flowing through the
.arterioles and }eaﬂé to an -impaveriéhmeﬁt of the blood supply of
organs and tissues of the body, Hence, the great interest which

is presented by the study of the resistance of the bloodstream of
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various organs and tissues in hypertensive disease and primarily
the resistance of renal vessels iz clear, since the disturbance of

the circulation im them, occurring secondarily, becomes an

22N
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important pathogenetic facﬁor,_ﬁeginning with a definite period of
the diséase; In this canﬁez;ﬁqn, our attention has been attracted
by the Gomez method, which makes it possible to study the
remsjta:,nce to the blood passing through the vessels of the entire
kidney as well as through individual nephrons,

Pcsiseuiliegs law concerning the movement of fluids through
capillary tubes underlies the Gomez rﬁethcd, It bas been
somewhat aitered for application under conditions of movement of ’-
blood in small an.d wl,rery small arterioles of the living organism,
In this modified form the Polscuille's law attests to the fact that
the peripheral i’@Siamnce of the precapi?&laxies is proportional
to the average dynamic ﬁé&ssure and inversely proportional to the
second volume of blood, Gomez, using this law in its
application to the bloodstream of the kidneys, suggested
calculating ﬁhe total renal repistance R, the resistance of the

afferent arterioles Ra the vesistance of the efferent arterioles

*

)
it

R . and veins of the kidneys Rv on the basis of the determination
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of the hydrostatic pressure in the rensl blood vessels and the
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volurne of blood passing through them according to the |

following four formulas:

R temte 51328, (1)

&m%;&xmm | @

where P is the average arterial pressure of the reval artery in

millimeters of mercury; P, the pressure in the renal veln in

a4

millimeters of mercury; Pg, the pressure in the glomerular
: :

capillaries in millimeters of mercury; P, the pressure in the

peritubular capillaries in millimeters of mercury; ©, the renal

Blood flow in millimeters per second; q, the glomerular filtration

in millimeters per second; 1328, the factor for converting pressure

units into absolute resistance units -- dynes se«:onds/&m”5

{in the centimeter-gram-~second syster), (’I’-he ?’ayﬁicai system of

reasurement units in which length is measured in ceﬁﬁmeters;

wmass, in gramgs time, in seconds)
pm, according to the data of er-cperimentél regearch, is equal

to the mean pressure in the brachial artery, and is calculated
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according to the following formula:

;";&;, e Pavg»k(P‘* pd)ﬂ |

where P ig the gvstolic pressure; P, the diastolic pressure;
s ¥ ¥ d

k, a factor whick varies from 0,39 to 0,45, and, on the average, ‘

ig equal to 0. 42 according to Stelmman's data,.

Ei’v in pecple who are not suffering from signs of venous

stasis, according to the experimental data of Maxwell and Breed, |

is equﬁl to 10 millimeters of fnercury.,

Calculation of Pg ;s based on the principle that glomerular
filtration is proportional to the difference Eéi;ween the mean
glomerular presaaz;e and the surn of the mean oncotic {h) and
intracapsular pressure {H), multiplied by the permeability factor
of the glomerular membrane &St

g = Py—2(k+H),
where &«- = g, 0867; H, 10 millimeters of mercury; h, 25
millimeters of mercury.

Pv is practically equal to the sum of the oncotic and

intracapsular pressures, because the pressure in the periglomerula

‘capillaries is essentislly equal to the oncotic and intracapsular

pressures,

Therefore, for the ;;n'xrpose: of calculating the resistance of the
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renal blood vessels by the Gomez method it is essential to

.

investigate the systolic and disstolic pressure in every patient,

the renal cirvewlation, and the glomerular filtration, Under
hos pi‘t&i conditions this does m:)% offer any great problem, in
conmection with which the detexméxm‘ainﬁ of the renal re;&:iﬁtan.ce
by the Gomesz rethod is beiny used with progressively greater
freques ‘ ey in patients with hyperiensive disease and has been
approved by many clinicians,
Gomen, generalizing on the data of Bolomes and others,

Corcoran, Tavior and Page, Maxwell and Breed, Fishman,

KT

4]

presents the following average figures for the reg'is’&ance of renal

vessels as determined by these aunthors i.ﬁ 22 bealihy persons:

the total renal resistance, 6281 dynes/seconds /c.mng; the

reslstance of afferent artevioles, 2005 dyzxesfaecandss/cm”sg

the resistance of the efferent artericles, 2258 é}rmgs/seconds/cm"B;

and the resistance of the renzal veing, 2240 ﬁynes/seconﬁs/cm"B.
Kinney, Lawrence, Miller, Assali, and Dubring made a study

of the rensl resistance in patients wzth bfnermnwlv& isease and

came to a conclusion thet it is increaaa&a

According to the data of Corcoran, Tagor and Page, the

average value of the resistance of renal vessels which these authors!
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give is essontially different from the figure in healthy pérsons and
) ¥
!
iz expresscd by the following data: the totel renal resistance is
» F m:r; . o
16,20 dynes/second/em 75 the resistance of the afferent
5 !
arterioles, 10,900 dynes/s econd, /em™7) the vesistance of the
o 7w 5 i
efferent arterivles, 520 dynes/second/em””; the resistance of ¢
rensl velns, 3,670 dyass/semﬁ&fcm“f’ﬁ i
Thede data a ,fmt to & considerable inerease in the total
;
renal resistance, chiefly because of an increase in the resistance |
of the afferent arterioles with a moderate increase in the
vesistance of the efferent arterioles and renal veins, A single
investigation did not make it possible for these anthors {o
determine what kind of changes of the renal blood vesgels --

' !
functional ar erganic -- serve as the cause of increase in the ;
renal resistance, i

]

In the Soviet lterature we have suseceeded in finding a single
work, of & K, Hiscleva, devoted to the study of the fotal renal i
i

- |

resistance in patients with hypertensive discase, ?

The efiect of pharmacologic > agents used for the treatment

of bypertensive disease is of special inm'r%:sé: with respect to th

{%

resistance of the renal blood vessels, This problem has been

analysed in the works of Freis and others, Duhring and others,
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Corcoran, MacKinnon, Lawson, Goldberg, Stover and others,

et cetera,

[

Information concerning the condition of the resistance of
renal vessels in patients with hypertensive disease when they are !

treated with reserpine, the most widespread and effective measure;

for therapy of this disease, is sparse. Thus, Reubi in three out

Gt B oy R W

of six patients with hypertensive disease and Moyer in two out of

¢ six patients with hypertensive disease noted a decrease in the fotal §
renal registance; in others it was either unchanged or even
increased somewhat, :
; 8, K. Kiseleva found a decrease in the renal resistance in i
X . . ' . ;
24 out of 25 patients treated with rauwoliia preparations, ;
Information concerning the change in the resistance of i
| |
»  afferent, efferent arterioles and renal veins in the treatment of g
% |
patients with hypertension with reserpire could not be found in ;
the foreign and Russian literature available to us, This
stimulated us to make a study of the resistance of the entire
renal bloodstream: the resistance of afferent, efferent arterioles !
and renal veins in patients with hypertensive disease given
H
! reserpine under hospital conditions,
5
; There were 51 patients under our cbservation; of these, 34 i
1 i
| :
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were in the second stage and 17, in the third stage., There were g
i

38 women: 13 men, In all patients, in addition to the usnal
careful olinical examination, a determination wag made of the j
renal blood flow with diodrast using the Smith methed in the
Kireyev and Mishchenko modification, the glomerular filtration
i

using endogencus creatinine without a water load by the Rehberg
method, and t}“ﬂ filtration fraction was calculated, The blood
pressure at the time of the investigation amounted, on the average,:
to 179 /108 millimeters of mercury in patients with stage II and |
217/107 millirmeters in patients with stage 11T of tnﬁ disease, In 14
patients cardiovascular insufficiency, first degree, was found;
six of thern had had a myoecardial infarction; in four patients, there
was an organic disturbance of the cerebral circulation in thé
himgrya

A moderate albuminuriza {0,031, 5 grams per thousand) was
found in 28 patients; hypssthezmmia, in five, The nonprotein
nitrogen in all patients was within normal limits.

Data concerning the condition of the renal hemaodynamics
before and after re:aer?ine treatment are presented in Table 1,

As seen from Table 1 the renal plasma flow in the second

stages of the disease was gsomewhat higher, on the average, than in
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stage. 1II.

The glomerular filtration in individual patients varied from
32 to 188 cc/minute; the filtration fraction, from €, 06 to 0,58,
The total renal resistance exceeded normal (6,281 dynes/second/
c:m”s) by 2 1/2 times in the second stage and by 3 1/2 times in the
third stage.

The resistance of the afferent arterioles was increased in a
particularly marked fashion, Inthe second stage it exceeded
normal (2, 005 ﬁmeé;"’sec@nd‘/cmns) by 5 1/2 times; in the third
stage, by seven times,

The resistence of the efferent arterioles proved to be
unchanged in the second stage of the disease and was congiderably

increased in the third stage. The resistance of the renal veins

Lt o o
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increased moderately,

SR

As the result of a considerable inerease in the resistance
of the afferent arterioles the relationship of the resistance of
afferent and efferent artericles was changed, While in healthy

people, according to Gomez, it amounts to L:L, 25, in our patients

it was 4,931 in the second stage and 5, 21 in the third stage,

s L i s TR IR SN SRR S

[~

The percentage distribution of the total rensl resistance axnengz
its component parts was changed, While in healthy persons, as
Smith yeports, the resistance of the affeﬁm‘; and efferent
arterioles and renal veins is approximately egual and 32-36
percent of the entire renal resistance is accounted for by the
resistance of the afferent artericles, in the patients whom we
investigated the resistance of the afferent arterioles was increased‘
to &8 percent in the second stage and T2 percenﬁin the third
stage,  Our data coincide with the conclusions of Smith, who
determined an increase in the resistance of afferent arterioles in

patients with hypertenzive disease up to 63-68 percent.

It is possible that the marked narrowing of afferent blood
vessels accompanied by an increase in their reslstance is, to 2

cerinin degree, of a "protective' nature (as Goldring believes), ¢

protecting the caplllary network of the glomeruli from 2 marked

e
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Distribution of Patients socordlng to the Magritudes of the
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iy

increase in pressure in them; however, in the final analysis this

&

Morotective mechanism! apparently proves to e the cause of

tschernia of the renal tissue, This is confirimed by & comparisoen

of the volume of the
which depends, as bave been mentioned above, chiefly on the

se afferent arterioles, This coraparison is

Teble 2

fenal Besistanse and the Volume of the Rensl Plusma

Repal plasmg

Total rewal resistunce in
flew in eofmin

5 iy
cawtinetare
5, G00=10, 000

%o of patiente

E01 or higher o4 . -
2 mé:“': 0 1 r'f; 1%
0=200 — k

As

PN

s seen frora Table 2, in two patients the renal resistance
was normal or sliphtly increased, not exceeding 10, 000 dynes/

. =5 :
second /e, and the renal plasma flow was nol disturbed, In
19 out of 34 putients with 2 considerable increase in the renal

-
4 A % &% & g -2
resistance {(from 10, 06 to 20, 000 dy‘zﬁ&/@@:cﬂﬁésﬁcm } the

renal plasma flow and the total renal resistance,

£

%

R TR

e AR A LT AL T

i St g e AR

dynas/seconds/

$6,001-20, 000 20, 001000,

¢
3
;
:
‘;‘
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:
H
;
4
:
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7
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3
:
i
]
;

H
4

3

volume of the renal plasma flow was reduced from £00.1c..

1
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401 ¢c/minute, and in 15 patients, from 400 to 201 ce/minute, In
211 15 patients the remal resistance of whom had been markedly

2 P ) ‘“g‘i -
increased {from Z0, 001 to 40, 000 dynes/second/em”™”), the renal !

plasma flow preved to be the lowest, varying from 157 to 395 cc/

[P

minute,
We began reserpine treatment after the stabilization of the

arterial pi@s‘;sura on fhe fourth-sixth day that the patient was in the

5
Y

hospital, : The ﬁreparatian was given by mouth in 2 dose of 0,25~
0. 5 milligrar p;er day with further incrieaase in the dose to

0, 75~one milligram; less often, | to 1, 25-1, .5' milligram per day,
On the average, the duration of treatment amounted to 22 days,
Patients in the ‘Eh.ir& stage were given a total of 18,1 milligrams;
patients in the second stage, 15,8 milligramsg of reserpine per

CoOVTEL,

As & result of treatment the feeling of well being was
irnproved in 46 patiemts, and the blood pressure decreased to
varying degrees; in five patients the feeling of well being and the
blood pressure did not change, Onthe average, the blood pressuré
decreased by 19 percent in ﬁhe second stage and by 15 percent in

the third stage of the disease, reaching, respectively, 149/85

and 173/98 millimeters of mercury, The renal plasma flow




L s e AR AP OSR AN R : : i
increased to 541 cc/minute in the second stage and 431 cc/minute
in the third stage {see Table 1), The glornerular filivation
inereased slightly in the second st%.fge and decreased to 81 co/
minute in the third stage, The filtration fraction decreased to
0. 1f in ﬁae second stage and 0, 21 in the third stageof the disease,

The 'i;ﬁsta;l renal resistance decreased in 48 f@atiazzm, whereby
the reduction was greater in the second stage. In 10 patients in
the second stage the total renal resistance became normal; in one
patient, it increased, The total renal resistance did not reach
normal in a single pstient viﬁ the third smg@ in two patients it
increased. The vesistance of the afferent arterioles, desplie
a considerable reduction, even after treatment with reserpine,

exceeded normal by 2 1,/’2 times in the second stage and by four

te two-thirds of the total reval resistance, After treatment, the
resistance of the efferent arteriales decrensed; the resgistance of
the renal veins became normal,

Thus, under the influence of reserpine the resistance of the
3.;&?23:2}.1"*3-50& %s&:&meié%em‘aasad, as did also that of its constituent

parts in the second and in the third stage of hypertensive disease,

which is evidence of the great significance of functicnal changes
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of rm*m, blocd vwsds in the increase in their resiztance,

ey a part in the increa

coofirmed by the fact that the renal registance decreases to a

Yorek
mn
H3
rn
W
AR

¥ degree in the third, sclerotic stage of hypertensive

cording to the data of I, V, Davydovekiy, A, I. Abrikosov and
i3 )

A, T, Strukov, and M, A, Zakhar'vevskava, the organic changs:

tevelop sooner and 4o a morée marked degree than in the other
renal vessels which we ¢ studied,

& decreasne in the renal rezistance was alwave accompanied

‘.‘i‘ [
by an incre2se in the rensl plasma flow, In all 10 patients in whorn |
the renzl resistance decreased to normal ander the influence of

reserpine the renmal plasma flow increased to normal alsn, The

4

stance noted in three patients was

p-oe

> renal res]
aciated with » reduction in the renal plasma flow,
The renal resistance decreases m a r::u-:'h greater extent

.3

than the blood pressure is reduced {see T

a

ble 1}, This gives us
the grounds for the oszition that the renal z::}nad vegsels are
: PP

dilated more intensely than the extrarenal blood vessels, A

R

A T v e
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considerable increase in the renal plasma flow after freatment
with reserpige confirms the correctness of this suggestion,

If we direct attention to the eariier occurrence of ischemia
of the renal tissue which, according to the data of N. A,

Ratner, P, M, Kireyev and others, occurs even in the first,
functional sﬁage of hy;éertensive disease, as well as to the great
iﬁcreaée in vrenal resistance noted by Brod and others in

patients with hﬂ:értensimz from éress&r influences the
impression is created that there is An increased reaction of
renal blood vesszels both to pressor &mi to depressor féctors, It
is possible that such a reaction of the renal blood vessels is one
of the manifestations of a .distur‘bance in the regulatory activity
of the higﬁer vasomotor centers.

Reserpine, which possesses a selective effect om these
centers, restores or improves primarily the circulation of the
kidneys, that is, of organs where it had been disturbed to a
particularly cansi&eéahle degree,

In campariﬁg the values of glomerular filtration and the
resistance of the in&ividu&lrenal blood x;es sels, we noted that
glomerular filtration depends chiefly on the resistance of the

renal arterioles. In those cases (11 patients before treatment and
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five after treatment) where the resistance of the afferent

*

arterioles incveased to a particularly marked degree and

vy e e A

exceeded the resistance of the efferent artevioles by 7 1/2-20

‘times, the glomerular filtration proved to be reduced to 34-60

RS N et P R £

cc/ minute, In those patients (12 patients before treatment and

.

13 after trestment) in whom the resistance of the afferent
artervioles exceeded the resistance of the efferent arterioles by

onty 11/2-three times, the glomerular filtration was high -

e

from 90 to 188 cc/minute,
A change in the filtration fra«z:ﬁ.eﬁ hai}i before trestment (16
patients) and after treatment (33 patients) was explained chiefly
by a disturbance in the renal circulation before reserpine
treatment and its recovery during the course of treatment as a

result of a change in the resistance of the remal blood vessels in

the direction of an increase before treatment and decrease after
treatmnent, Less often (five patients before treatment and 12 after

treatment} the change in the filtration fraction was connected with

Aviredrn

the variation of the glomerular filiration a3 a resulf of the fact
that the increase in resistance of the renal arterioles was
different, as has been indicated above,

" Conclusions
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i. The total renal resistance, the registance of the

arierioles and renal veins incresses both in

the second stage and in the third stage of hygsé rtension, whereby
thig increase becomes greater with the progress of the disease,
Z. The resistance aflth@.aﬁfﬁrem arterioles is increased ix
& particularly marked fashion and amounts to about two-thirds
f the total renal resistance in patients with bypertensive

disenge instead of in one~third of the healthy persons

3. The status of the renal civculation depends chiefly on the

n

lzvel of the renal resistance, I is worsened with the increase in

the totsl renal resistance and bmproves when the latter is

4, Clomerular filtration depends chiefly on the ratio of the
resis ‘La:ama of tht' afferent and efferent arterioles,

5., Functional as well as organic changes are of great

importance in the increase in the resistance of renzl blood

6, With reserpine treatment the renal resistance decreases
againgt the bar:krgfcmnd of reduction in the arterial pressure,

7. A considerable improvement in the renal circulation
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under the influence of reserpine, because of the predominant

dilatation of the remal artericles, gives us the grounds for

considering reserpine & most valuable pathogenetic agent in the

treatment of paﬁeﬁta with hypertension,

2o
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