
THE RENAL FACTOR IN ARTERIAL HYPERTENSION WITH
COARCTATION OF THE AORTA

David A. Rytand

J Clin Invest. 1938;17(4):391-399. https://doi.org/10.1172/JCI100965.

Research Article

Find the latest version:

https://jci.me/100965/pdf

http://www.jci.org
http://www.jci.org/17/4?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI100965
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/100965/pdf
https://jci.me/100965/pdf?utm_content=qrcode


THE RENALFACTORIN ARTERIAL HYPERTENSIONWITH
COARCTATIONOF THE AORTA'
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(Received for publication January 31, 1938)

Consideration of the hydrodynamics in coarcta-
tion of the aorta indicates that the arterial hyper-
tension which is a feature of that disease is not
to be explained upon the grounds of mechanical
obstruction to blood flow per se. Such considera-
tion has led to experiments which show that this
variety of hypertension is owing to interference
with renal blood supply.

Pathological physiology of coarctation of the
aorta. In this condition, arterial pressure is prac-
tically always high in the arms, while it is usually
low or normal (occasionally even high) in the
legs (1). The hypertension in the upper part of
the body is often attributed to the mechanical
obstruction of the stenotic aortic isthmus to blood
flow, but as Lewis (2) pointed out, the total cross
section area of the collateral bed is at least equal
to that of the normal aorta. However, the col-
lateral vessels are long and tortuous and may
easily account for the reduced pressure in the
lower body as compared with the upper. Al-
though the resistance of the collateral bed explains
the difference between arm and leg pressure, it is
not an explanation of the absolute pressure levels;
were mechanical obstruction the only factor, one
would always expect to find low pressure in the
legs and less increase of pressure in the arms than
actually occurs.

If the increased arterial pressure in the arms
were a result of redistribution of blood such as
occurred in the experiments of Barcroft and Sa-
maan (3), then the cardiac output and flow of
blood through the upper part of the body should
be increased; this, however, has not been found
(2, 4, 5, 6, 7). Failure to demonstrate abnor-
mally high rates of flow can mean only that
peripheral resistance is increased in all the small
vessels of the upper part of the body; the in-
creased resistance in this region requires just as
much explanation as does the generalized in-

1 This work was aided by a grant from the Rockefeller
Foundation.

creased resistance in any other variety of hyper-
tension.

The presence of an increased resistance in the
upper part of the body in coarctation of the aorta
may perhaps be made clearer by a mathematical
demonstration, using the well-known formula

Pressure
Resistance

Flow

With pressure in mm. Hg and flow in liters per
minute, resistance may be expressed in arbitrary
units with less confusion than when dynes are
introduced (8).

When the regional fractionation of the cardiac
output of a normal man weighing 70 kgm. and
with a blood pressure of 125/80 mm. Hg is cal-
culated from the data of Levy and Blalock (9)
for the dog, and with mean pressure equal to
diastolic pressure plus 43 per cent of pulse pres-
sure (10), the representative results noted in
Table I are obtained.

TABLE I

Cakulated (approximate) regional blood flow and resistance
for normal man

Resistance in
Region Blood flow arbitrary units

litcrs per / 100 mm. Hg
minue fliters per minut

Upper trunk, arms, head,
neck, and heart .......... 2.00 50 (A)

Kidneys ................... 1.00 100 (B)
Liver and portal bed ...... . 1.50 67 (C)
Lower trunk and legs ....... 0.65 154 (D)
Entire body (excluding lungs) 5.15 19 (E)*

The resistance for the entire body (E) may also
be calculated from A, B, C, and D by the formula
I

+ I+ +D, for calculating the total resistance
offered by several resistances in parallel.

If now we consider a patient with coarctation
of the aorta whose cardiac output is normal (6,
7), whose regional blood flow is normal or very
nearly so (2, 4, 5, 11), and whose blood pressure
is 195/100 mm. Hg in the arms and 80/60 mm.
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100% 109%

FIG. 1. REGIONALRESISTANCE, BLOODFLOw, ARTERIAL PRESSUREAND RELATIVE ARTEOLARRADIUS IN A
NORMALSUBJECT (BLOOD PRESSuRE125/80 MM. HG) AND IN A SUBJECT WITH COARCTATIONOF THE AORTA
(BLOOD PRESSURE,ARMS195/100, LEGS 80/60'MM. HG)

Note. The combined caliber of aortic isthmus stenosis and collateral bed approximates that of the normal
aorta. Its width is narrow in the diagram to indicate the resistance due to length and tortuosity.

Hg in the legs, we may make the following cal-
culations. Since the mean pressure in the lower
aorta is approximately 70 mm. Hg and that above
the stenosis of the isthmus is 140 mm. Hg, the
resistance of the stenosis and collateral bed is
represented by the pressure gradient (140-70
-70 mm. Hg) divided by the blood flow which
they carry (abdominal viscera, lower trunk, and
legs, or, 3.15 liters per minute), or 22 arbitrary
units. As the tissues just mentioned are perfused
with a normal volume flow per minute (2, 11) at
a reduced pressure head, the resistance in this re-

gion must be decreased by 30 per cent. If the
resistance had not decreased and the pressure had
fallen from 125/80 to 80/60 mm. Hg, then the
flow would have been 30 per cent less than the
observed level. But in the upper trunk, arms,
head, neck, and heart, 2.0 liters per minute still
circulate under a pressure head of 140 mm. Hg,
so that here the resistance must have increased

from 50 to 70 arbitrary units or by 40 per cent.
Figure 1 shows these changes, the fundamental
significance of which is not altered by the probable
inaccuracies in the calculated absolute values of
the regional flows.

Since the resistance varies inversely with the
fourth power of (arteriolar) radius, a decrease in
radius of 10 per cent increases the resistance 50
per cent, and a decrease in radius of 15 per cent
doubles the resistance. In coarctation of the aorta
the resistance of the upper part of the body usu-
ally varies between 150 and 200 per cent of that
in the lower part, so the radius of an arteriole
from the arm would be only 15 per cent smaller
than that of one from the leg. Bearing in mind
the difficulties inherent in measuring fixed arteri-
oles, one could have predicted that no significant
difference in caliber of such vessels from arm and
leg would be observed, a theoretical conclusion
compatible with actual measurement (12). In
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this particular series, the calculated expected dif-
ference was only 10 per cent.

It seemed that the cause of the increased re-
sistance and pressure in the upper body in co-
arctation of the aorta might be the same as that
of the generalized changes in the Goldblatt dog
(13), for in each case renal tissue is distal to a
partially occluded artery. It has been shown that
the kidney is apparently unique in the pathogene-
sis of hypertension when an organ's artery is par-
tially occluded (13). Bell's suggestion that the
hypertension in coarctation of the aorta is funda-
mentally similar to that in the dog with a par-
tially occluded renal artery was rejected by Gold-
blatt (14); 2 the problem has now been studied
experimentally.

Hypertension as evidenced by left ventricular
cardiac hypertrophy was produced in 11 rats by
partial occlusion of the aorta between the right
(proximal) and left (distal) renal arteries. With
similar occlusion hypertension did not occur in 25
other rats when the left kidney was removed
simultaneously. In other words, partial occlusion
of the aorta at the same site in two groups of rats
produced hypertension only in that group with
renal tissue distal to the occlusion, even though
the blood flow was hindered by the same mechani-
cal obstruction owing to stenosis and a collateral
bed in both groups. Hypertension was also pro-
duced in 12 rats by partial occlusion of the aorta
just above both kidneys, a site more nearly analo-
gous to that of the obstruction in coarctation of
the aorta.

METHODS

The results in this paper were obtained from over 175
experiments on albino rats, each sacrificed 20 days after
operation. The general conditions and methods used in
this laboratory have been reported previously; the diet
contained 10 per cent casein and 19 per cent total pro-
tein (15).

Operative technique. The operative technique is a
modification of Collins' method (16). No attempt at
asepsis is made. The rat is anesthetized with ether and
a long midline abdominal incision made. If the left
renal artery is to be tied, it is dissected free, usually be-

2Goldblatt and Kahn (J. A. M. A., 1938, 110, 49,
footnote 1 (h), and personal communication) find in
the dog that partial occlusion of the aorta below both
renal arteries is not followed by hypertension; similar
occlusion immediately above both renal arteries produces
hypertension.

tween the kidney and the suprarenal vein; occasionally it
is best freed between the latter and the aorta. A wire
0.4 mm. in diameter is placed parallel to the exposed
artery, and a silk thread passed beneath both wire and
artery. The thread is then tied, the ligature of course
including wire and artery. The wire may then be gently
withdrawn, the ligature remaining; the abdominal inci-
sion is closed in the usual manner. If the aorta is to be
tied, it may be freed at the desired site (between the
renal arteries or just above them) and tied together with
a wire 0.9 mm. in diameter. Occasionally the thoracic
duct is ruptured, but heals spontaneously. The sizes of
the wires given above are satisfactory for rats of about
100 to 200 grams, but practice is necessary to learn the
appropriate force with which to tie the ligature. In a
successful experiment, the kidney blanches on tying, then
undergoes reactive hyperemia immediately on removal of
the wire.

Organ weights. In rats sacrificed 20 days after opera-
tion, the heart and kidneys were weighed on torsion bal-
ances and compared with the predicted weights of those
organs in normal rats of the same weight and sex. The
predictions were based on the following formulae derived
by Dr. T. Addis from data collected in this laboratory on
over 1500 rats:

Male heart:
Female heart:
Male kidney (single)
Female kidney (single) :

HW= 12.6BW° T + 8.
HW= 12.56BW75 + 1.5.
KW= 15.OBW`1TlT + 10.3.
KW= 20.18BW'."' + 6.1.

In these formulae, more accurate than the similar f or-
mulae based upon surface area (kBWV ), organ weights
are in milligrams, body weights in grams. Statistical
studies show that the normal variability of heart weight
is so small that its coefficient of variation at a given
range of body weight of 10 grams is only 3.7 per cent.
This means that an observed deviation (from the weight
predicted by the equations) of + 10 per cent occurs only
once in 143 normal rats; a deviation of ± 15 per cent
occurs once in every 15,770 rats; any individual deviation
of + 12 per cent or more is " almost certainly " signifi-
cant. Kidney weight is normally more variable, its co-
efficient of variation being 9.8 per cent. Therefore, an
observed deviation in kidney weight of ± 10 per cent
occurs as often as once in every 3 rats, ± 15 per cent
once in 8, + 25 per cent once in every 143; in order to
be statistically significant, a single observed kidney weight
must deviate + 28 per cent from the prediction. Aver-
ages of groups of hearts or kidneys are much less vari-
able. The rats in the present experiment were under
exactly the same conditions as were those from which
the data were obtained for the formulae (same diet, con-
stant temperature, etc.), and the formulae are believed
to apply only under constant conditions.

The degree of cardiac hypertrophy was used as an in-
dex of the effect of the procedures on the arterial pres-
sure. In the absence of anemia or metabolic disease, and
when an increased LIR ratio is present, the increase in
heart weight seems to be a better criterion of the average
daily level of arterial pressure than readings obtained
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a:

under anesthesia by methods which are, in our hands, not
satisfactory. Anemia was excluded by the fact that
hematocrit values in a group of hypertensive rats aver-
aged 93 per cent of those of controls. The hearts from
23 nonhypertensive and 14 unselected hypertensive rats
were fixed, and the right and left ventricles separated
and weighed. The LIR ratio, corrected as previously
described (15), was 21 per cent greater in the hyper-
tensive group, a difference five times its probable error
and therefore statistically significant.

In order to translate the observed cardiac hypertrophy
into blood pressure levels, it may be noted that Chanutin
and Barksdale (17) have shown that in the rat a hyper-
trophy of 25 per cent occurs with a chronic hypertension
of 160 to 170 mm. Hg, 50 per cent with 180 mm. Hg or
over. Since the present experiments were of shorter
duration, the existing pressure levels were probably
higher at any given degree of cardiac hypertrophy.

RESULTS

Detailed protocols are given in the Tables; a
summary is presented in Figure 2. The experi-
ments are best discussed in six divisions.

EXPERIMENT ORGANWEIGHTS,.
%DEVIATION FROMNORMAL

KIDNEY NUMBER
RIGHT LEFT Of RATS

A IL. +2% +38% -100% 14

-r 0% +39% -75% 3

a -2% +34% -100% 25
0% +28% -76% I

c ! ! +28% +39% -65% 9

D +26% +37% -49% 7

E 3 §+29% -100% +16 % 4

F m9 +20% -1% -4% 12

FIG. 2. SUMMARYOF RESULTS OBTAINED IN RATS
SACRIFICED 20 DAYS AFTER THE OPERATIVE PROCEDURE
INDICATED BY THE DIAGRAMS

A. Partial occlusion of the left renal artery,
uwth left nephrectomy. This combined procedure
was of course a control. These 14 rats were not
expected to have hypertension and in fact did not.
The average heart weight was + 2 per cent of

that predicted, while the right kidney presented
the usual degree of compensatory hypertrophy
(+ 38 per cent). In addition, three more rats
(operated upon as in Experiment C) are included
because in them the ligature was too tight; as a
result the left kidney became necrotic (auto-
nephrectomy).

B. Partial occlusion of the aorta between the
renal arteries, with left (distal) nephrectomy. If
the hypertension of coarctation of the aorta is to
be explicable upon the basis of mechanical ob-
struction, these rats should have hypertension.
On the contrary, the average heart weight of 25
rats was 2 per cent less than predicted, and not a
single rat had cardiac hypertrophy. A possible

.objection is that the ligatures may have been too
loose; the answers are (a) that these rats were
operated upon alternately with those of Experi-
ment D, in which hypertension occurred in one-
third of the rats, and (b) in 6 rats of this series
the aorta became completely obstructed (pulsa-
tions entirely absent) by intimal proliferation
(Figure 3 shows the collateral circulation in such
a rat). To these 25 rats may be added 1 from
Experiment D in which the left kidney was com-
pletely necrotic.

C. Partial occlusion of the left renal artery.
This series was designed to demonstrate that a
modification of the Goldblatt technique would
produce hypertension in the rat. That it does in
fact do so is shown by the cardiac hypertrophy in
9 animals, as much as + 54 per cent and averag-
ing + 28 per cent. In these animals the left
kidney atrophied (- 65 per cent) with little or
no necrosis.

D. Partial occlusion of the aorta between the
renal arteries. In this experiment 7 rats had hy-
pertension as evidenced by cardiac hypertrophy
averaging + 26 per cent (as high as + 37 per
cent), and in these the left (distal) kidney at-
rophied (-49 per cent) just as in Experiment C.

This is a series of rats operated upon alter-
nately with those of Experiment B and at exactly
the same site; hypertension occurred only when
there was renal tissue distal to the obstruction,
and only when this tissue was atrophic but not
necrotic.

E. Partial occlusion of the aorta between the
renal arteries, wvith right (proximal) nephrectomy.
So far in these studies hypertension has been uni-

1--
U.
W HEARTJ
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FIG. 3. ROENTGENOGRAMAFTER INTRACARDIAC INJEC-
TION OF OPAQUEMATERIAL SHOWINGTHE COLLATERAL
CIRCULATION IN A NONHYPERTENSIVE RAT (LEFT
NEPHRECTOMIY, COMPLETEOCCLUSION OF AORTA DISTAL
TO RIGHT KIDNEY)

f ormly associated with unilateral renal atrophy.
In this series there were 4 rats with cardiac hyper-
trophy up to + 55 per cent (average + 29 per
cent), and in these there was actually hypertrophy
(+ 16 per cent) of the remaining kidney distal to
the partial occlusion. In 3 of these the aorta was

completely occluded.
F. Partial occlusion of the aorta above both

kidieys. In this series the situation is unlike the
previous ones or the Goldblatt dog but is similar
to that existing spontaneously in coarctation of
the aorta. Here, as in coarctation, the aorta is
partially occluded above both kidneys and there
is (as in Experiments B, D, and E) a collateral
circulation supplying tissues distal to the obstruc-
tion. In 12 rats in this series the cardiac hyper-
trophy averaged + 20 per cent (as high as + 38
per cent) and the kidneys were entirely normal
(within 4 per cent of the prediction). The aortic
obstruction was complete in 1 rat and very nearly
so in another.

In Experiment C there were 6 rats and in D 16
rats in which neither cardiac hypertrophy nor left
renal atrophy occcurred; presumably, the ligatures
in these instances were too loose to alter hydro-
dynamics appreciably. Likewise, there were 23
rats in Experiment E and 7 in F without cardiac
hypertrophy; the same explanation probably holds.
Such animals are therefore omitted from consid-
eration since there is no evidence, direct or in-
direct, of aortic or renal artery stenosis. Since
they serve as controls, their pertinent data are
included in Tables IV to VII, but averaged sep-
arately. In another 51 rats in which the ligature
was too tight, necrosis of tissues beyond it oc-
curred in a few days; when this occurred with
the tie on the left renal artery the kidney became
necrotic, with the aorta tied the animal died.

The concentration of urea in the blood is nor-
mal in coarctation. In the rats of Experiment F
it varied from 30.6 to 38.9 mgm. per cent, well
within normal limits. In those experiments in
which unilateral nephrectomy was done, the blood

TABLE II

Experiment A. Partial occlusion of the left renal artery
with left nephrectomy

Weight of heart Weight of kidneys

Right kidney Left kidney
Body Devia-

eXweight re -tion of
StPre- Ob observed Pre- Devia- Devia-

dicted served from pre- dieted Ob- tion of Oi- tion of
dicted served observed served observed

from pre- from pre-
dicted dieted

grams mgm. mgm. per cent mgm. mgm. per cent mgm. per cent

F 230 743 823 +11 691 990 +43
F 176 608 662 + 9 581 816 +40
F 212 699 744 + 6 655 977 +49
F 166 582 604 + 4 560 730 +30
F 186 634 645 + 2 602 834 +38
F 174 603 616 + 2 577 780 +35
F 186 634 644 + 1 602 757 +26
F 194 654 662 + 1 619 840 +36
F 176 608 610 i 0 581 870 +50
F 174 603 600 ji 0 577 912 +58
F 194 654 650 - 1 619 848 +37
F 212 699 696 - 1 655 873 +33
F 182 624 612 - 2 594 730 +23
F 152 544 512 - 6 530 706 +33

Average, 14 rats + 2 +38

(Necroti'c)
F 160 565 588 + 4 547 778 +42 150 -73
F 190 644 664 + 3 611 850 +39 134 -78
F 208 689 633 - 8 647 880 +36 164 -75

Average, 3 rats 41 0 +39 -75
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TABLE III

Experiment B. Partial occlusion of the aorta between the
renal arteries, with left (distal) nephrectomy

Wei,ht of heart Weight of kidneys

Right kidney Left kidney
Body Devia-Sxweight Pr-O-tion of

Peobserved Pre- Devia- Devia-
dicted served from pre- dicted Ot- tion of Ob- tion of

dicted served observed served observed
from pre- from pre-

dicted dicted

grams mgm. mgm. per cen t mgm. mgm. per cent mgm. per cent
M 166 590 628 + 6 596 744 +25
M 170 600 630 + 5 606 954 +57
F 143* 521 545 + 5 509 732 +44
F 146 529 552 + 4 516 672 +30
M 164 585 608 + 4 591 834 +41
M 180 626 646 + 3 631 842 +33
M 153 556 572 + 3 563 786 +40
M 184 637 645 + 1 641 908 +41
M 164* 585 582 4: 0 591 872 +48
M 138 515 517 i 0 523 694 +33
M 184 637 636 4± 0 641 980 +53
M 184 637 634 ±4 0 641 870 +36
M 164 585 580 - 1 591 848 +43
M 140 521 514 - 1 528 660 +25
M 170* 600 587 - 2 606 846 +40
M 188 648 632 - 2 651 894 +37
F 108 422 412 - 2 425 537 +26
M 290* 894 860 - 4 885 1020 +15
F 138 507 486 - 4 498 592 +19
M 210* 704 672 - 5 704 952 +35
F 152 544 510 - 8 530 764 +44
F 122 462 422 - 9 459 580 +26
M 154 558 506 - 9 565 680 +20
F 122 462 414 -10 459 522 +14
M 122* 470 415 -12 480 604 +26

Average, 25 rats - 2 +34

(Necrotic)
M 174 610 612 i 0 616 786 +28 150 -76

* Represents complete occlusion of aorta.

urea concentrations of the hypertensive rats were
40.3 to 50.0 mgm. per cent, the usual values for
nonhypertensive rats 20 days after unilateral
nephrectomy.

Proteinuria is not ordinarily present in coarcta-
tion of the aorta. Nor was it found in these
hypertensive rats (average 1.3 mgm. per day (fe-
males), as compared to the controls of 1.1 mgm.
per day).

DISCUSSION

Partial occlusion of either the aorta or one
renal artery in rats is followed by cardiac hyper-
trophy only when there is living renal tissue be-
yond the occlusion: the left ventricle undergoes
hypertrophy relative to the right, and other
causes of cardiac hypertrophy are absent; under

these conditions we feel justified in stating that
such rats are hypertensive. Proteinuria does not
occur and renal function is normal as judged by
blood urea concentration, just as in coarctation
of the aorta. The nutritional state of the animals
is not impaired. On the other hand, when renal
tissue is absent distal to the occlusion, hyperten-
sion does not occur even though blood must flow
in the presence of the same degree of mechanical
obstruction.

just as the pressure head beyond the stenosis
of the aortic isthmus is lower than that proximal
to the stenosis, so Blalock and Levy (18) have
shown that the pressure beyond a partial occlu-
sion of the renal artery is lower (by 50 per cent)
than the general arterial pressure. It is not
known whether the important hypertensive factor
in interference with the renal blood supply is local
hypotension, reduced pulse pressure, or reduced
blood flow.

The kidney beyond a partially occluded renal
artery has often been spoken of as " ischemic."
Oln the other hand, its function is said to be nor-
mal. If Van Slyke et al. (19) are correct in
correlating renal functioni with blood flow, one or

TABLE IV

Experiment C. Partial occlusion of the left renal artery

Weibht of heart WN-eiTht of kidneys

Left kidniev Riht kidniey
B ody Devia--Sxweight tiono rPre- Ob- nobserved - Devia- Devia-

dicted served from pre- dicted o tioil of tion of
dicted served observed osrefron pre- sevdfrom pre-

dicted dicted

grams mgm. mgm. per cent mgm. mgm. per cent mgrn. per cent

F 180 619 955 +54 590 135 -77 791 +34
F 154 549 756 +38 534 180 -67 952 +78
F 194 654 902 +38 619 426 -31 740 +20
F 122 462 591 +28 459 126 -73 650 +42
F 172 598 767 +27 573 174 -70 856 +50
F 174 603 730 +21 577 182 -69 770 +33
F 184 629 740 +18 598 184 -69 835 +40
F 254 801 940 +17 736 338 -54 1000 +36
F 196 659 742 +13 623 162 -74 720 +16

Average, 9 rats +28 -65 +39

F 228 739 795 + 8 687 667 - 3 710 + 3
F 214 704 760 + 8 659 650 - 1 754 +14
F 190 644 680 + 6 611 468 -23 675 + 10
F 162 571 588 + 3 551 514 - 7 668 +21
F 154 549 560 + 2 534 560 + 5 594 +11
F 170 593 584 - 2 569 570 ± 0 596 + 5

Average, 6 rats + 4 - 6 +11
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TABLE V

Experiment D. Partial occlusion of the aorta between the
renal arteries

Weight of heart Weight of kidneys

Left kidney Right kidney
Ele Body Devia-

weigt P,e- O-~ tion of Pre- D)evia- Devia-
dieted Osrved from iet tion of | tion ofdictedve obwvd obuerved(hCted se ~rved p ved from pre-

dicted dicted

grams mm. mom. pfe cmt mgm. ,nm. per cent mm. pr cent
M 150 548 748 +37 555 296 -47 774 +40
M 132 499 655 +31 507 128 -65 834 +65
M 122 470 606 +29 480 252 -48 608 +27
M 122 470 606 +29 480 396 -17 576 +20
M 132 499 640 +28 507 240 -53 698 +38
M 320* 962 1130 +17 948 514 -46 1240 +31
F 204 679 762 +12 639 196 -69 886 +39

Average, 7 rats +26 -49 +37

M 206 694 754 + 9 694 652 - 6 696 4 0
M 194 663 725 + 9 666 665 :t 0 692 + 4
M 202 684 738 + 8 685 666 - 3 744 + 8
M 180 626 673 + 7 631 598 - 5 622 - 1
M 172 605 638 + 7 611 682 +12 700 +15
M 170 600 634 + 6 606 580 - 4 572 - 6
M 160 574 590 + 3 580 500 -14 544 - 6
M 192 658 680 + 3 661 634 - 4 680 + 3
M 128 487 500 + 2 496 437 -12 484 - 2
M 176 616 630 + 2 621 602 - 3 615 - 1
M 180 626 641 + 2 631 624 - 1 672 + 7
M 160 574 570 0O 580 548 - 6 574 - 1
M 314 949 950 0O 935 890 - 5 970 + 4
M 292 899 880 - 2 889 772 -13 768 -14
M 320 962 940 - 2 948 864 - 9 890 - 6
M 305 928 876 - 6 916 872 - 5 825 -10

Average, 16 rats + 3 - 4 4 0

* Represents complete occlusion of aorta.

the other of the above statements is incorrect.
Actually, neither renal blood flow nor renal func-
tion by rigid tests has ever been studied ade-
quately under these conditions; Mason, Evers,
and Blalock (20) have failed to demonstrate
ischemia, using A-V oxygen differences. In
dogs with ureteral obstruction, renal blood flow
is uniformly reduced but hypertension does not
always occur (21), while in still another variety
of hypertension (after subtotal nephrectomy) rats
have normal renal blood flows (22). It seems

probable that in the Goldblatt dog, renal flow is
near the lower limit of normal as long as hyper-
tension is present.

Perhaps only the kidney, of all the tissues, has
the power to raise general blood pressure when
its blood supply suffers interference. Hartmann,
,rskov, and Rein (23) showed that, in spite of

pressor reflexes and adrenalin, renal blood flow
remains constant although flow through the leg
undergoes simultaneous wide fluctuations; they
suggest that the kidneys may regulate the circula-
tion in the same sense as does the carotid sinus.
It is not clear whether this supposed regulatory
action is explicable wholly on some metabolic
process specific to renal tissue, or whether the
peculiarities of the arrangement (24) of the renal
blood vessel are also involved. The present ex-
periments on rats do not show whether partial
occlusion of the aorta proximal to the celiac axis
can cause hypertension of greater degree than
distal occlusion, nor has it been proved that hyper-
tension does not follow narrowing of the splanch-
nic arteries.

Hypertension may be produced by partial oc-
clusion of the blood supply of a completely dener-

TABLE VI
Experiment E. Partial occlusion of the aorta between the

rend arteries, with right (proximal) nephrectomy

Weight of heart Weight of left kidney

weigt Deviation of Deviation of
Pre- Oh- obheved Pre- Oh- obheved

dicted sved from p dieted srved from pre
dicte dited

gras mgm. mwm. pe cent mm. mun. per cen
F 117* 448 695 +55 447 552 +23
M 178 621 764 +23 626 738 +18
M 114* 447 534 +20 458 494 + 8
F 119* 454 537 +18 452 526 +16

Average, 4 rats +29 +16

F 140 512 561 +10 502 615 +22
M 166 590 642 + 9 596 759 +27
F 112 434 463 + 8 435 546 +25
M 116 453 482 + 6 463 614 +33
M 200 679 714 + 5 680 813 +20
F 126 474 500 + 5 469 556 +18
F 144 523 546 + 4 511 612 +20
M 136 510 530 + 4 518 702 +36
M 168 595 618 + 4 601 702 +17
M 177 618 640 + 3 623 882 +42
M 198 673 688 + 2 675 908 +35
M 150 548 554 + 1 555 770 +39
M 143 529 532 + 1 536 690 +29
M 168 595 596 -40o 601 746 +24
M 202 684 682 4 0 685 850 +24
M 190 653 644 - 1 656 824 +26
M 158 569 558 - 2 575 763 +33
M 93 385 378 - 2 397 433 + 9
M 190 653 634 - 3 656 815 +24
M 196 668 643 - 4 670 763 +14
M 102 412 395 - 4 423 494 +17
M 134 504 478 - 5 513 674 +31
M 136 510 482 - 5 518 694 +34

Average, 23 rats + 2 +26

* Represents complete occlusion of aorta.
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TABLE VII
Experiment F. Partial occlusion of the aorta above

both kidneys

Weight of heart Weight of kidney

Left kidney Right kidney
BBdy Devia-

Pegt e- Ob tion of pr0 ei- Dvaditdmvdobserved dicted
Edieted served from pre- Ob. tion of Ob- tion of

dicted served observed rsed obrvedfrom pre- from pre-
dicted dicted

grams mWm. mgm. per cent mgm. mgm. per cent mm. per cent
M 130 493 680 +38 502 502 4- 0 480 - 4
M 142 526 676 +28 534 568 + 6 667 +25
M 112 442 546 +23 452 412 - 9 435 - 4
M 172 606 736 +21 611 568 - 7 544 -11
M 122 470 568 +21 480 475 - I 510 + 6
M 114 447 536 +20 458 414 -10 445 - 3
M 158 569 666 +17 575 604 + 5 648 +13
M 178* 621 726 +17 626 540 -14 556 -11
M 154 558 640 +15 565 535 - 5 532 - 6
M 162 579 666 +15 586 568 - 3 570 - 3
M 128 487 562 +15 496 474 - 4 460 - 7
M 160 574 657 +14 580 562 - 3 546 - 6

Average, 12 rats +20 - 4 - 1

M 170 600 652 + 9 606 660 + 9 660 + 9
M 178 621 670 + 8 626 552 -12 624 :1 0
M 140 521 548 + 5 528 517 - 2 527 4 0
M 175 613 638 + 3 618 588 - 5 604 - 2
M 224 738 718 - 3 737 670 - 9 693 - 6
M 100 406 390 - 4 417 340 -18 350 -16
M 144 532 480 -10 539 466 -14 474 -12

Average, 7 rats + 1 - 7 - 4

* Represents complete occlusion of aorta.

vated kidney transplanted into the neck (18, 25);
all the afferent nerves being severed, some chemi-
cal substance produced in the kidney must be in-
volved. If the hypertension of coarctation is also
brought about, as we believe, by a substance de-
rived from the kidney, then we must explain how
it is that this material increases peripheral re-
sistance in the upper part of the body but allows
a normal or even decreased resistance in the lower
part. This need not be a stumbling block, for
the all important factor in determining blood flow
to a given tissue is the metabolic requirements
of the tissue itself. Prinzmetal and Wilson (4)
and Pickering (5) have demonstrated that when
conditions in the arm tissues are such as to evoke
hyperemia, then hyperemia occurs as adequately
in hypertensive individuals as it does in normal
subjects. In fact, it may be calculated from their
data that peripheral resistance in the reactive-
hyperemic arm of either a hypertensive or a nor-
mal subject is only 7 to 12 per cent as great as

the resistance in the same subject under control
conditions. Since tissue needs for blood may re-
duce local resistance in generalized hypertension
by 90 per cent, it becomes understandable that
the resistance in the lower part of the body in
coarctation may easily be reduced only as much
as the usual 30 to 50 per cent (as compared with
the upper part of the body).

The results of Pickering (5) show a similarity
between patients with essential or chronic renal
hypertension and those with coarctation of the
aorta, while Prinzmetal and Wilson (4) found a
difference. The latter felt that the hypertension
of coarctation was of vasomotor origin, in distinc-
tion to the alleged peripheral origin of other varie-
ties of hypertension (including that of acute
glomerulonephritis in which Pickering (26) af-
firms a vasomotor origin). In view of such di-
vergent opinions, and since local conditions (in-
cluding the metabolites produced locally) act to
maintain an adequate local blood flow as long as
the cardiac output is normal and the arterial pres-
sure not greatly lowered, it seems unwise to at-
tempt to draw conclusions as to the site of action
of the agent causing hypertension in man from
data on blood flow in the arm.

Pickering's (5) explanation of the increased
peripheral resistance in the upper body in coarcta-
tion of the aorta was a supposed failure of growth
of that vascular bed, particularly the arteriolo-
venous anastomoses; such an assumption lacks
supporting evidence and is not necessary.

Blumgart et al. (11) found no difference in
arteriolar pressure between the arms and legs in
coarctation of the aorta. This means only that
the fall of pressure gradient occurred proximal to
the site of measurement; since the method was
an indirect one, the observation is of doubtful
significance.

SUMMARYAND CONCLUSIONS

A consideration of hydrodynamics indicates
that the arterial hypertension which is present in
the upper part of the body in coarctation of the
aorta may not be explained upon the purely me-
chanical grounds of obstruction to blood flow.
In this condition, there is an increased resistance
in the smaller vessels (arterioles) which receive
blood from the aorta proximal to the stenosis of
its isthmus. The cause of this localized increased
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resistance is the same as the cause of the general-
ized increased resistance in a Goldblatt dog (with
partially occluded renal artery); that is, inter-
ference with blood supply to the kidneys.

This conclusion is supported by the production
of hypertension (cardiac hypertrophy) in rats by
partial occlusion of the aorta proximal to one or
both renal arteries. With partial occlusion of
the aorta between the renal arteries, hypertension
occurs only when living renal tissue is present
distal to the occlusion; after simultaneous distal
nephrectomy, hypertension never occurs even
though there exists the same degree of mechanical
obstruction to blood flow offered by the stenosis
and presence of a collateral bed.
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