AN RECORD o ‘

3 COPY :

%3 M4 PRS: 4321
AN JPRS:

. ‘Jﬁﬂg
10 January 1961
THG ROLE OF RUNAL ISCHEMIA IN THZ PATHOGRNRS. 3

OF HYPERTENSION

~USSR-
By 8., Ye. Mikhaylin

19990611 146

\k
—

DISTRIBUTION STATEMENT
Distributed by: Approved for Public Release

Distribution Unlimited
OFFICE OF TECHIICAL SERVICES
U. S. DEPARTHENT CF COMMIRCE
VASIIINGTON 25, D.C.

U. S. JOINT PUBLICATIONS R%SEARCH SERVICEH
1636 Connecticut Avenue, N. W,
WASHINGTONW 25, D. C.



FOREWORD

This publication was prepared under contract
by the UNITED STATES JOINT PUBLICATIONS RE-
SEARCH SERVICE, a federal government orgeni-
zation established +to serviee the translation
and research needs of the wvarious government

departments.



© . JPRST. ML

{?§f753nf.'féidéb{;ﬁiiisvs/e
. THE ROLE OF RENAL ISCHEMIA IN THE PATHOGENESIS OF. .. - -

'ZFollowingxié‘the translation of an article by
S, Ye. Mikhaylin in Klinicheskaya Meditsina,
Vel. 38, No. 9, Moscow, 1960, pages 96-102/,

According to present-day notions, the decisive role
in the development of hypertension is played by traumatie
zation and emotional strain in the sphere of the upper
-nervous .activity, resulting in the rise of congested
focl of stimulatlon in the upper vasomotor centers (G.-
F, Lang), Experimental reproduction of hypertension
through disturbance of the blood supply to the kidneys
.{Goldblat, Page, L. N, Karlik, I.. I..Burachevskly) has.
served &s a beginning for the study of the role of renal
lschemia in the pathogenesis of hypertension, R

Goldring, Ranges, Chasis and Smith, N, I. Ivanov,
N. A. Ratner, N, L, Kikodze, P, M. Kireyev and others- .
have revealed the rise of renal 1schemia from the first
perlods of hypertension. In their research, the diminu=-
tiofi of renal blood flow 1in the firet stage of hyperten-
sion resulted in an increase in filtration; in the later
periods of the dlsease there was a pronounced diminution
of ‘'the renal 'blood flow and filtration. According to the
data obtained, the authors affirm that ischemia of the
kidneys 'In hypertension arises early as a result of the
general narrowing of the abducent ¢lomerate arterioles, .
which increases ‘the filltration presaure in the glomerule-
and ‘decreases the blood supply to the postglomerular s~z
ments ‘of the ducts,., However, the rise of ischemia of

. the kidneys and 1ts progression in hypertension have not
‘beén observed in all cases. h T

~ " Castleman &nd Smithwick, M. Ya, Ratner, P, I,

Mishchenko, N, L. Kikodze, G. F. Blagman, E, I. Estrin

 and Ye., I, Zaytseva 'have established the presence of

normal renal blood flow in most of the patients in stage I
and 1in the smaller part of patients in gtage II of hyper-
tension.

Considering the contradictoriness of the data on
the time of the rise of lschemia of the kidneys in hyper-

.



tension, we have made an investigatlon of this question, using clinical
data in comparison with thé condition of general and renal hemodynamlcs.
Under observation were 256 patiénts} the state of the blood supply to the
kidneys was determined in 80 ¢f them

Procéding from the fact that ischemia 6f the kidneys from the ini~
tial stages of hypertension should lead to the early appearance of patho-
logical elements in the urine, we investigated 256 patients in stages I,
IT and IIT of hypertension for the purpose of ascertaining the frequency
and duration of the changes in the urine. Table 1 illustrates the depen-
dence between high arterial pressure and pathological changes in the urine.

Table 1

Relationship Between Changes in the Urine
end the Level of Arterial Pressure

Arterial Pressure in.mm -

. e {7IB0 1150 | 160 170; 180 | 190 _ 225
Result of Examination =z P -
of Blood 80| 90| 95| Too! IT0 |120 ~ I
' Number of Patients
‘Changes lacking 1 16] 991 56| 22| 13| 15
Persistent albuminuria and : N
hematuria ' ——l - 1 2 3 14
Traces of albumin and isolated S |
erythrocytes , 5 9 Li 51 2 -

From table 1 it may be seen that changes in the urine were absent
in the overwhelming majority of patients (211, or 82.5%). Various degrees
of albuminuria and hematuria were discovered in 45 patients (17.5%). In
only 20 patients were the pathologic changes in the urine persistent; in
the remaining 25, traces of albumin and isolated erythrocytes were dis-
covered in the initial examination, but were absent in succeeding analy-
ses. Pathologic changes in the urine were determined both with a small
rise in arterial pressure and with a considerable increase in it. The
difference was that, with a small or moderate irse in arterial pressure,
the changes in the urine were insignificant and of short duration, whereas
with very high arterial pressure the albuminuria and hematuria were more
pronounced and lasted for a long time. The frequency of cases with per-
sistent pathological changes in the urine increased as the arterial > .cusare



grew. However, 1t is a striking fact that no. changes in
the urine were dlscovered in half the patients with an
arterial pressure of 190,/120-220/150 mm. . ] B

~ It .may be supposed that the abserce of . changes o
in the urine in such patients is: to be explained by une
development of . ccmpensatory-adantive reactions in the .
vagcular channel of the. kidneys in response to a ‘rise in
the general arterial pressure, The appearance of . traces
of albumin and isolated erythrocytes in the urine with .. .
a small rise in arterial pressure was evidently due to thc
non-adaptability of the vascular channel of the k*dneys
to the fluctuations of the arterial pressure, :

To ascertaln the causes of the pathologic changes
in the urine, we studled the condition of general and -
renal hemodynamics in hypertension cases, The pe;-minute
volume of blood circulation, the arterial pregsire and the
rate of spread of the pulse wave through the vessels. of
an elastic type were studied by the mechanomcardiographic
technique of N, N. Savitskiy with the use of the Bremser-
Ranke physical method, .

Thetechnique .6f determinina "enal blood flow. In
the morninm, under conditions oOf basic metabollsm, the .
subjeot is given 1.5 liters of water to .drinki 1% hours
after this begins examination of renal blood flow. To
create initlial concentration of perabrodil in the blood
within limits of 1-1.5 mg¥, 2.5 ml of a 35% solution of
perabrodil is administered intravenously, after which the
concentration thus created is maintained for 60-70 mi-
nutes by an intravenous drop injection of 2-2,5 ml of the
same solution, dilluted in 20 ml of the physiological
solution. From the moment of injectlon of the maintain-
ing solutlon, a record is kept of the arterial pressure
and pulse from the carotid and the abdominal aorta at
the place where the latter divides Into the hypogasiric
arteries. Then the patient volds the bladder. Next,
separate portlons of urine are collected every 20 mi-
nutes, In the middle of the 20-minute interval 15 ml of
blood are taken from a veln and placed in a centrifuge
tube with sodlum oxalate, .

The lodine concentration in. the blood plasma and
urine wag determined by the Bak, Braun and Raaschou .
technique. (For a detailed description see N, I. Iva-
nov's articles), a

- After centrifuging the blood, the plasna is care-
fully removed with a- plpette and transferred to a second
test tubei then 3 ml of plasma are measured out and -
again transferred to .a small glass. To 3 ml of blood




plasmg are added 21 ml of Aistilled water for dilution,

3 ml of 0,64 N solution of sulfuric acld and 3 ml of a 10%
golution of sodium tungstate to precipitate the albumin.
After precipating the alblihins, the solution 1s filtered
through a folded paper filter. From each portion of al-
buminless flltrate are taken 3 samples of 4 ml each and
these are placed in separate small flasks with wide necks.
To the second sample 1s added 0.15 ml of a four-mol
solution of sulfuric acid and 0.3 ml of a 7% solution of
potassium hypermanganate. All nine samples of albumin-
less flltrate of blood plasma and three control samples
are placed in a bolling water bath for 10-15 minutes,

Then the. samples are taken out and a 7% solution of so”iuu
nitrite is added to them in drops, bheing carefully s.aken,
until the solutions are completely decolorized. To the
decolorized samples is added 1 ml of a 30% solution of urea
to remove the excess sodium nitrite. The sample 1s again
shaken and placed in a bolling water bath; it is shaken a
second time untll the carbon dioxide bubbles are complete-
ly removed and then taken out and cooled in ice water. To
the cooled samples 1s added 0.1 ml of a freshly prepared
solution of potassium ilodide in the proportion of 2 ml

to 3 ml of water, After they have stood for 10 minutes
in a dark, cool place, 0.1 ml of a 0.5% solution of ,
starch 1s added to the samples and then they are titrated
with a 1/400 N solution of sodium thiosulfate.

Under the influence of the potassium permanganate
and sulfuric acid, the lodine in the molecule of perabro-
dil 1s oxldized with formation of potassium lodate.

In the presence of potassium iodide and sulfuric acld, the
potassium iodate forms 6 molecules of iodine, The reaction
proceeds according to the followlng formula:

2KIOs + 10KI + 6HpSO, = 6I5 _ 6KoSO04 + G6HoO.

- The i1odine content in the blood plasm 1s calculated
by the following formula:

Q = 0,053 * 10 * 100 * T,

, 4 _ '
where Q 1s the iodine concentration in me%, 10 the dilu-
tion of the blood plasma, 100 the recomputatlon per 170 ms
of blood plasma, T the amount of thiosulfate used in ti-
tration. The atomic weight of ilodine 1is 126.92, The .
oxidizing gram-equivalent of j;lodine is 126,92 = 21,15,

6

hence, l'ml of & one-mol solutlon of thiosulfate corre-~

N
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sponds to 21.15 mg of iodine, and 1 ml of a 1/400 N golution
of 1t corresponds to 0,053 .mg 61 todine ' ,
| The iodine concentration in the turine was deter-
mined by exactly the sameé technique, excépt for the mani-
pulations in the precipitation of the albumins, V
The coefficient of purification of perabrodil (pldsma
flow) and the renal blood flow were computed by the follow-
ing formulas: P1 = Iu, M4.: Ky = P1.100,
I G
b

where Pl is the coefficient of purification of perabrodil,
or plasma flow, Iu the lodine concentration in the urine,
I, the lodine concentration in the blood, Ma the per-
m?nute diuresis, Ky the kidney blood flow, and G the per-
centage of plasma in the blood,

Seventeen practically healthy persons and 80 hy-
pertenslon patients were examined by the above described
technlque. o ,

In the control group the kidney blood flow was
900-1300 ml per minute, the per-minute volume of circue
lation 3900-5200 ml. With respect to the general hemody-
namics, the kidney blood flow was 21-27% of the per-minute
voilume of circulation. The same dependence of the kidney
blood supply upon the general hemodynamics was established
by Bolomey and Bredly; according to these authors, the ¥k’ -
ney blood flow 1s 20-30% of the per-minute voiume. Fro-
this 1t follows that the per-minute volume of the cir-
culation exerts a definite influence upon the magnitude
of the kildney blood flow,

The condition of the blood supply to the kidneys in
stage I of hypertension was studied in 40 males aged 20-45,
The arterial pressure in the patlents examined was withw
in limits of 150/90 and 190/120 mm; the function of the
kidneys was good, changes in the urine were absent., In
this group of patients, the kidney blood flow was 947
1800 ml per minute, the per-minute volume of circulation
4000-7000 ml (table 2),

The different magnitudes of the kidney blood flow
were determined by the passability of the precapillary
channel and by the magnitude of the per-minute volume
of the circulation., The figure shows the dependence of
the kldney blood flow upon the per-minute volume of cir-
culation. ~ :
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In Stage I of hypertension theratio between the kidney blood
flow and the per-minute volumws wes determined in 21 patients out of
Lo, n 16 of them the kidney blecd flow was 2L-27% of the perurinute
volume, which is reflected in the figure by the eppyoach of the 1ittle
eircies o the line of ,:mmv‘bmmifi*’w in thres vatients thie robio
was found to be ineressed (28.324) and in two ddwindshed (20-19%%,

The ahove data show that the ratic of the Widney blood fow
to the per-minute voluse in most pstients in hyperbension stage I row
waine nomsl: only in 2 saall nusber of them ls 4t dizturbed in the
directlon of an lncrease or denvcsse,

The megniiude of the kidney blosd flow is affected by the
pasasbility of the presapillary chamel. The totsl resisteonce of the
preceriliary channel of the kidreys is computed by the Paisel (7)) fore
muiz transformed by H. B, Savitekiy:

W ;Eiu.éw 1333,

vherc W is the totel vesistance of the precapillsry channel of b
kidneys, P the sversge pregsure, T the tise iv seremds, 4 The kid-ev
Blood fiow in wl per winute, 1333 the fuoler for awversion of the

(pressure, empresved in milliseteve of meroury, into dmes.

Mmmml, . the total reslotance of the procapillary channel
of the kidnays wag 5500-6500 dynes times eorditimes ssconds=d, In
hypertansion stage I the pagzabllity of the precapillary chunnel proved
to be nowend dn ¥ mt&m&a and inereagsed from 7000 to 9000 dynes tmeas
em™l Uimas secondgged - dn the wmmh«,g it potients (Table 3)e

Tuble 3
mm‘i@mvw of tha Fxmwwm Ary fmmmeﬁi in Vardons

Stages of Eyportenaton

e ‘ © Resistonee of the Precapillavy Chizrnel
%ﬁ;ﬁ“ﬁti 5 . (in Dvnes s em™t s goa=)

e TEH00 | 6060 | €500 | 7060 | B0AG, 9000 | 11000= | 20000 | 550G

o c f A5000 1

Control Growp | 3 | L | 10 | we | we| e | s | em |
Patients 4n . o - - 1
Stage I B2l 1 03 &1 3 o] e ] e
In Stags II R e N il o2 7 2 o
™ Stags TII S B B R B 1 S |




The blood supply to the kidneys in hypertension
stage II was studied in 34 males aged 22-66. The ar-
terial pressure in this group kept persistently at a
high level; +the minimum pressure was 100-140 mm, the
maximum 160-220 mm. Hypertonic retinopathia was de-
termined in all the patients; albuminuria and hema-
turia with a lowering of the concentrating power of
the kidneys was detected in 13, The kidney blood
glow andits ratio to the per-minute volume were found
to be the same as in stage I in all the patients in
which pathologic changes in the urine were absent.
Diminution of the kidney blood flow was detected in
1% patients with pathologic changes in the urine, the
kidney blood flow in such cases being 11-16% of the
per-minute volume (see table 2 and figure). The de~
gree of diminution of the kidney blood flow depended
upon the extent of the changes in the urine, especieally
upon the lowering of the ccncentrating capacity of the
kidneys. The diminution of that part of the per-minute
volume which determines the blood supply to the kidneys
indicated a pronounced difficulty in the movement of
the blood through the vessels of the kidneys.

This is attested by the presence of the sharr’;



increased resistance of the precagillary ch%nnel of the
kidneys (11,000-20,000 dynes °* cm sec
Stage 11I of hYpertehsion wag found in 6 patients
aged 22-45, In tHis group more pronounced changes in the
back of the eye and in the urine were noted'; the arterial
pressure kept perstéstently at a very high 1ével: minimum
130-150 mm, maximum 230 mm. The kidney blood fiow in 4
patients was 400-700 ml; 1in two with nitrogenemia. (azo-
temizgl it was 150n200 ml This diminution of the blood
supply to the kidneys was caused by the sharply increaseﬁ ;
resistence of their vascular channel, .since the resistpv '
to the blood flow reached 20,000-85, 000 dynes * cm” *sec™
- The sharp decrease in the kidney blood flow and the
increase in the resistance of the precapillary chdnnel
of the kidneys indicate the development of arterioclo-
sclerotic changes with a wasting and sclerosis of a large
part of the neurons.. Ischemia of the kidneys results’
in organic changes In them, the appearance of albumin . . -
and erythorcytes in the urine and a reduction in- the
concentrating capacity of the kidneys. It is 1mpossible
to imagine the rise of ischemia in the kidneys without
organic: changes in them and without the appearance of
pathologic elements in the urine., .In stage I of hyper-
tension ischemia  of the kidneys.is absent; hence -no patho-
logical changes in the urine are detected., They appear
in stage II, when a diminution of the blood supply to
the kidneys takes place. In the initial periods, ische-
mia of the kidneys is inconstant, since it disappears
under the influence of sedatives and vessel- -eXpanding
drugs, which indicates the rise of spastic phenomena
in the vessels of the kidneys.l In subsequent periods, when
the concentrating capacity of the. kidneys is being lowered,
ischemia of the kidneys becomes persistent, "Proof of this_
are the data on repeated examinationg of the kidney blood
flow of eight patients after use of the sleep-inducinp
drugs diabasol and papaverine. .
- From table 4 1t may be seen that’ 1n 5 patients with
slihht ‘albuminuria and hematuria but without disturbance
of the concentrating capacity of the kidneys the kidney.
blood flow was increased all ‘the way to normal; . in trve
patients with lowered concentrating capsecity of ‘the fidneys
there was . no restoration of the blood flow. The toial re-
sistance of the kidney arterioles dropped. distinctiy
after treatment. Consequently, the increase in the blood
flow was due.to a decrease in the- spastic pehnomena in
the vascular channel of the kidneys. SR



Table

4

Change in the Functlon of the Kidneys of HJpertens~on fﬁ
R Patlents in Dvnamlcs PR R

(after treatment w1th antispastic drugs)

. )

Sefﬁﬁyééfé>ﬁArterlal pressureJ Kldney‘ Re81;'f‘Sbecifia
al Nof. -of. in mm __ | blood | stance | ~weight -
e L] exge hlnlj .. {kaxi- | flow.in - of . of
.+ | mina-! . mum. mean mum | ml per| kidney | .urine
] tion | : - - |minute! vessels :
P | R b in
,dynes-‘
. . . ‘,'sec é -
1 [14/1v. | 120 145 | 205" | 755°| 15240 |1010-1021
13/V 11304142 | 200" | 1200 | 9464 {1010-1025
2 27/V | 120 TI58 17200 | 550 [-20060 |1002<1027
-25/VI \ 108 {125} 170 "' 1100|9088 - |1006-10%
G 1oy G i Vo B B 550 T995s T I0L I08
27/VI | 115 {1351 220 '} 980 ;30995  {1016-1031 -
O Y A R R VI o o 576 (16662 [I010=1053
25/111} 95 1120 | 170 | 1300 | 7382 - 11016-1024 -
5 "7?v 7100 (125 I70 | 800 |15820 1T10T0-10°%
|20/ 1205 1125 1170 | 1200 |10553 1015-1026
20/ T T 170 [ 220 | 650 [T7226TT0T0-10T5"
|20/IV | 125 1140 | 220 | 800 -{14000 1015-1021
7 |24/X | 140 [180 | 230 | €60 |I0400 —ITO0TSIoE
o °6/ I| 130 : 160“”‘215 600 121328 [1008-1018
523/ T30 teo—t 220 | 170 (75275 |1004=T008 -
- ?8/V | 185 155 215:;' 200 |63884 |1004-1008

Desplte the 1ncrease 1n pas ablllty of the pre—'faff
capillary. channel of the- kidneys and the improvement -
in the blood supply to them, the arteriasl pressure was |
not lowered substantlally, which indicated the absence

- ]0 -
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.The data given in table 5 coincide to a certain
degree wlth those of table 1. They show that disturbance
of the kidney blood flow and appearance of pathologic
changes 1n the urine arise at various levels of arterial
bressure, which confirms the interdependence of these in-
dlces and thelr insufficiently distinct effect on the
height of the arterial pressure. However, growth in the
frequency of cases with pathologic changes in the urine
end diminished kidney blood flow at a very high arterial
pressure may serve as evldence of a certaln depsndence of
the course of hypertension upon the rise of ischemla in
the kidneys. The rise of renal i1schemia asggravates the
course of the dlsease in the majority of cases.

Thus, 1t must be considered that centrogenic-
nervous mechanisms, the disturbance of whose functions
results in the rlse and fixation of the ypertonic con-
ditlon, 18 of preeminent significance in the pathoge. 3318
of hypertension., Against the background of the disturbed
neurogenle regulation of the arterial pressure appesr
paradoxical spastic reactions in the vascular chennel of
the kidneys, which produces ischemia of the kldneys with
pathologic changes in the urine.

Of definite significance is the functional con-
dltlon of the kldneys in hypertension, depending upon
the intra-renal hemodynamics, which will be the sub ject
of our next paper,

Conclusions

1. The blood supply to the kidneys in patients
in stage I and in the majority of those in stage II of
hypertension 1s at a normal level and is 21-27% of the
per-minute volume of the blood circulation.

2. Diminution of the kidney blood flow first occurs
in stage II of hypertension in the period of appearance
of albumin and erythrocytes in the urine, which is a
clinical manifestation of ischemia of the kidneys,

3. The use of sedatlves and vessel-expanding drugs
enables one to improve the blood supply to the kidneys all
the way to normel, which manifeste itself clinically by a
diminutlon and even disappearance of patholosgic changes
in the urine.

4, A direct dependence between the level of ar-
terlal pressure and renal ischemia 1s lacking.
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