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Modern concepts of renal physiology are based
on the assumption that, at least in normal subjects
without impotent or aglomerular tubules, nearly
all the blood goes first through the glomeruli be-
fore reaching the peritubular capillaries (1).
Therefore, blood supplying the tubular system is
thought to come entirely from the efferent arteri-
oles. Anatomists have described almost every kind
of anastomosis, however, which could shunt vari-
ous parts of the functioning parenchyma (2).
Except by Spanner (3), little consideration has
been given to their possible significance in the
normal kidney (4-6). Likewise, very little is
known of the role of renal lymphatic vessels in
the function of the kidneys (7, 8).

The recent work of Trueta, et al. (9) aroused
general interest in this subject, because for the first
time 3 an attempt was made to demonstrate the
importance of renal vascular channels which by-
pass the cortex. Although these authors offer only
morphological evidence and employ rather vigor-
ous methods (crushing a limb, very large doses of
epinephrine, etc.), they were able to show under
these conditions a shift between cortical and medul-
lary blood flow in the rabbit. Therefore, it seemed
rewarding to investigate whether a similar phe-
nomenon occurs in human subjects and dogs un-
der normal or pathological circumstances, and
whether, as Trueta indicated, this is related to the
presence of arterial hypertension. The experi-
ments here reported were made in order to detect,
if possible, any changes in the relative blood supply
of the different parts of the nephron after adminis-
tration of certain drugs in pharmacologically active

'Aided by a grant from the National Institute of
Health, U. S. Public Health Service.

2Fellow of Swiss Foundation for Medical and Bio-
logical Research.

8 Actually, several years previously, Fuchs and Popper
(10) dealt with the problem of the "medullary" circula-
tion, but their evidence, based upon the separation of
India ink during diuresis, was not too convincing.

doses. It was believed that the opening or closing
of anastomotic channels between arteries and veins
would be reflected by relative changes in the renal
extraction of p-amino hippurate and/or mannitol,
the utilization of oxygen, or both.

METHODS

Catheterization of the right renal vein was performed
in 14 patients using the technique described by other
authors (11, 12). Eight suffered from arterial hyper-
tension and six did not. Catheters Nos. F-8, -9, or -10
were used. In four of the earlier experiments a single
intravenous injection of sodium para-amino hippurate
(PAH) and mannitol solutions was given as soon as the
position of the catheter had been checked by roentgeno-
grams. The concentration of the solutions was chosen
so as to provide acceptable plasma levels during one hour
or longer. In later experiments, a continuous infusion of
PAH and mannitol was used instead of the single injec-
tion in order to provide relatively constant levels of these
substances in the blood. After one, two or three simul-
taneous samples from the femoral artery or antecubital
vein and from the right renal vein had been drawn,
epinephrine or histamine was given subcutaneously, and
two or three more simultaneous blood samples collected
three to 45 minutes later. In one case pentothal-sodium
in anesthetic dose was injected intravenously. In all ex-
periments PAH and mannitol were determined in renal
and peripheral blood. In six the oxygen content and in
four the oxygen capacity and the hematocrit were also
measured. All blood samples were centrifuged as soon as
possible in order to avoid diffusion of PAH from red
blood cells. PAH and mannitol were measured by the
method of Goldring and Chasis (13) modified only as
regards the technique for estimating the plasma and urine
mannitol "blank" (14). The oxygen content and capacity
were determined by the method of Van Slyke and Neill
(15). Hematocrits were read in Wintrobe tubes. The
blood pressure was measured by the auscultatory method.

In 15 dogs blood from the renal vein and from the
renal artery and/or femoral artery was drawn slowly
and more or less simultaneously after the vessels had
been exposed under nembutal anesthesia. For technical
reasons, only partial experiments could usually be per-
formed due to the large amounts of blood necessary for
complete analyses. In some dogs the arterio-venous oxy-
gen difference and the hematocrit, and in others, the

114



115CAN RENAL SHUNTING BE INDUCED BY VASOACTIVE DRUGS

TABLE I

Changes in arlerio-renal venous differences after intravenous injection of epinephrine in dogs

Oxgn Hemo- Hemo- Oxgn Pam
Dog No. Dose Time after Ocygen concentrationrconcentration Oxygcen Plasmar PAHt PAHtDog.ND |injection nFA-RVt RV-FA RV`-RA CRApaiVt proVtins extraction clearanceA-V RV RV R-V R

19

20

22

29

102

105

106

110

112

116

117

205

217

221

231

mgm.
0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.15

0.2

500§
0.2

500§

0.25

0.2

0.1

0.2

mix.
0
5

16.5

0
2
8

0
3

10

0
8

20

0
6

15

0
7

32

0
3

12

0
2

0
3.5

0
2.5

10

0
3

10

0
4

0
4

28

0
5

28

0
3

Vol. %
3.20
2.00
4.80

3.70
1.20
2.00

1.95
1.40
2.55

2.45
1.60
2.70

1.50
1.85
2.20

1.80
2.10

2.40
1.85
2.95

1.30
1.90

11.1
7.5

-0.1
16.3

-2.7

1.8
0

0.1
5.0
5.8

-8.8
-2.2
-3.6

6.8
3.9

4.8
9.0

5.0

3.3
13.1

1.8

2.5
4.0
1.0

1.6
10.8

6.75
7.95

Vol. %

4.9*

-1.1

-0.5
-3.1

gm. %

7.08
7.50

4.67
5.03

85.0

29.0

70.0
85.0
82.5

83.0
76.7
61.5

68.5
48.0
65.0

57.0
66.5
64.0

Note: FA indicates sample taken from femoral artery, RAfrom renal artery, and RVfrom renal vein.
* FA-RV.
FA-RV

FA

t 15-minute periods.
§ Caffeine.

cc./mi.

90.0
61.2
10.8

84.8
84.5
51.2
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TABLE II

Oxygen content, hematocrit, and corrected oxygen content in dog experiment No. 106

O Content Hematocrit Corrected 02 content *

Condition
Femoral Renal A-V Femoral Renal Hemo- Femoral Renal A-V

artery vein diff. artery vein conc. artery vein diff.

vol.% Vol.% Vol.% % % % Vol.% Vol.% ho. %
Control 18.80 16.40 2.40 54.75 54.10 -1.1 18.80 16.60 2.20
3 minutes after epinephrine 0.2 mgm. 20.00 18.15 1.85 57.10 68.20 + 16.5 19.20 14.60 4.70
12 minutes after epinephrine 18.15 13.20 2.95 53.90 52.50 -2.6 18.40 15.80 2.60

* Corrected to a constant hematocrit of 54.75.

PAH extraction,4 were determined before and after the
intravenous injection of epinephrine (50 to 200 gamma)
using the methods described above.

RESULTS

a. Experiments in dogs (Tables I, II). After
epinephrine was injected the difference between
the oxygen content in femoral arterial and renal

P-R
4The "extraction" is defined by the expression P

where P is the concentration of the substance in the
peripheral and R in the renal venous plasma.

venous blood was lower in five dogs (Nos. 19,
20, 22, 29, and 106), and higher in three (Nos.
102, 105 and 112). The reaction to the drug was
minimal in the latter (Table I). Renal arterial
hematocrit values were consistently lower than
venous, and the usual rise occurring after epineph-
rine was less marked than in renal venous blood.
Femoral arterial hematocrit values were not con-
sistent, being sometimes higher and sometimes
lower than those from renal arterial blood. Epi-
nephrine produced less hemoconcentration in fem-

Renal Extraction of PAH in 8 Human Subjects

90.

65.

75.

Minutes .4

FIG. 1. VARIATIONS IN THE EXTRACTION OF PARA-AMINO HIPPURATE BY THE RIGHT KIDNEY AFTER
EPINEPHRINE WAS INJECTED SUBCUTANEOUSLY

The control values to the left of the vertical line were taken at least ten minutes apart, and
after sufficient time had elapsed to allow the blood levels to come to equilibrium. The vertical line
indicates the time of injection of epinephrine. Except for three cases, there is no significant change
in the extraction of PAH (see Table III). Note that the reduction occurs only in the last deter-
mination. Patients F. W. and W. D. suffered from arterial hypertension, as did D. B. and V. R.
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Renal Extraction of PAH in 5 Human Subjects

V
Minutes v 4U 4D av Ovs4

FIG. 2. VARIATIONS IN THE RIGHT RENAL EXTRACTIONOF PAHAFTER THE SUBCUTANEOUSINJEC-
TION OF HISTAMINE ( ) ANDTHE INDUCTION OF PENTOTHALANAESTHESIA (---)

All patients were hypertensive but F. C. The vertical line indicates the time of injection. Note
that a significant decrease occurred only in one case (E. C.), and this 23 minutes after injection.

oral arterial blood than in that from the renal
vein, except in one dog (No. 231).

Changes in the oxygen capacity paralleled the
hematocrit values, and the same is roughly true
with regard to the plasma proteins, indicating that
actual hemoconcentration occurred. Caffeine in
two experiments appeared to lessen the arterio-
venous hematocrit difference. The extraction of
PAHby one kidney was influenced by intravenous
epinephrine in four of five dogs, but the direction
of the change was inconsistent (Table I). In one

(No. 105) it decreased progressively, in one (No.
217) temporarily, and in two it rose. One experi-
ment indicated a pronounced fall (No. 29) but the
blood sample may have become contaminated with
ureteral urine.

b. Experiments in human subjects (Table III).
Fourteen successful experiments were completed.
Renal arterio-venous differences in oxygen con-

tent were determined in six patients. After pento-
thal anesthesia was given in one (M. P.) the dif-
ference was slightly increased. When epinephrine

was injected it became decreased in two (W. G.
and F. W.), but renal venous blood became more

concentrated as evidenced by plasma protein levels.
In two other subjects (P. C. and W. D.) the ar-

terio-venous oxygen difference was increased. It
was probably unchanged in patient D. B., although
the second arterial determination of oxygen was

not entirely reliable, a small clot having been found
in the syringe. Hematocrit values, determined
in four cases, were increased in two by epinephrine
and in one (W. D.), this was greater in renal ve-

nous than in femoral blood. They were unchanged
during pentothal anesthesia in one, and slightly in-
creased in one after histamine was injected.

The renal extraction of PAHbecame decreased
16 to 40 minutes after epinephrine was injected in
three subjects. This decrease ranged from 91.0 to
84.5 per cent in subject P. C., from 79.7 to 69.6 in
F. W., and from 89.5 to 83. 7 in W. D. (Figure
1). No significant changes were observed in six
patients. After histamine was given, changes oc-

curred in two (E. C. and A. B.), where the ex-

0
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xw
I
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traction fell from 87.1 to 80.2 and from 80.7 to 77.0
respectively (Figure 2).

The mannitol extraction usually increased
shortly after epinephrine was injected, suggesting
that efferent arteriolar constriction occurred, re-
turning to its previous level later (except in case
F. W. where it was definitely lower in the last pe-
riod). After histamine was given, it increased in
three cases, and markedly decreased in one (E.
C.). Variations in the one experiment during
which pentothal anesthesia was induced were not
consistent.

In some of these patients urine was collected
during the renal venous catheterization, and the
urinary excretion of mannitol and PAHwas com-
pared with their renal extraction. A discrepancy
between the plasma flows calculated from Cm/EM
and CPAH/EpA was found (16). This discrep-
ancy cannot be explained by the presence of arterio-
venous shunts, as the extraction percentages of
these materials were not unduly altered. These re-
sults will be reported elsewhere (17).

DISCUSSION

It is conceivable that shunts of several types
exist in the kidney. It could reasonably be ex-
pected that our experiments would be capable of
demonstrating at least three of them, if they were
physiologically important and responded to ordi-
nary doses of vasoactive drugs, namely:

1. Direct arterio-venous anastomoses between
relatively large vessels (arcuate or interlobular),
arteriola rectae, "juxta-medullary by-passes" (9,
18), which short-circuit both glomeruli and tu-
bules. Opening of these shunts would decrease
PAH and mannitol extractions and renal arterio-
venous oxygen differences.5 This was not found
to be the case.

5 It is possible that "juxta-medullary by-passes" re-
sulting from blood flowing through nephrons in this
region, produce about the same effect as direct arterio-
venous shunts. It is not likely that glomeruli, which
have efferent arterioles as large as afferent (9), per-
form much filtration, and therefore little mannitol would
be filtered. Even if the tubules corresponding to these
glomeruli are functioning, relatively small amounts of
PAH will be extracted from the blood by the tubular
cells, unless there is an adequate intratubular flow of
urine. Moreover, the proportion of juxta-medullary neph-
rons to cortical ones is probably not greater than 10 per
cent (18). Therefore, if these nephrons should become

2. Vessels supplying the tubules by-passing the
glomeruli. Opening of these would decrease the
mannitol extraction alone, PAH and oxygen dif-
ferences remaining unchanged. The same effect
would be produced by the presence of "aglomerular
tubules" (1). Changes in the mannitol extraction,
however, were not consistent.

3. Direct communications between efferent glom-
erular arterioles and renal veins by-passing the
peritubular capillaries. Opening of such anasto-
moses would decrease the PAH extraction and
decrease slightly the oxygen differences, mannitol
extraction being unchanged. One would expect
the same from "impotent nephrons" (1). Ex-
tractions of PAH, however, remained relatively
constant in most cases.

It is also conceivable that some of the substances
entering the kidney leave it via lymphatic vessels
and by-pass the renal vein either after being re-
absorbed, or after interstitial diffusion. Unfortu-
nately, there is at present no innocuous way to
demonstrate such a mechanism in man.

The first type of shunt should be easily demon-
strable and would probably be the most important
in physiopathological conditions of the kidney.
There is some evidence that such shunts exist, at
least in animals. Trueta claims to have seen "red
blood" in the renal veins of rabbits (9). Wehave
observed it in dogs only during trauma to the
kidney at operation. Unexplained low PAH or
diodrast extractions have been observed both in
the dog and in man (12, 19, 20). The existence
of shunts has been postulated in order to explain
"reflex anuria" (21), and the "crush syndrome"
(9). These observations have been made usually
under experimental, operative or severe pathologi-
cal conditions. The importance of anastomoses
would be greater if they were concerned with
ischemia of certain parts of the kidney, and if rela-
tively mild stimuli (nervousness, autonomic insta-
bility, emotional factors, pain) would be able to
shift the cortical circulation to a medullary one.
For that reason, epinephrine was used in our ex-
periments. Histamine was employed as well, be-
cause a renal action somewhat similar to that of
epinephrine has been demonstrated (22).

functional to any great extent, at the expense of the
cortex, one might expect a considerable depression of
the extraction of both mannitol and PAH.
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When renal arterio-venous oxygen differences
were measured in the dog, Trueta's findings ap-
peared to be confirmed, i.e., the oxygen content in
renal venous blood increased after the intravenous
injection of epinephrine. However, when hema-
tocrit, oxygen capacity and plasma proteins were
also determined, (Table I), it appeared that this
increase was simulated by a marked hemoconcen-
tration (according to oxygen capacity and hema-
tocrit), of as much as 22.2 per cent in the renal
blood, and of only 4.4 per cent in the peripheral
blood in one case (Figure 3). The increase in
plasma proteins was not as striking. When ar-
terio-venous differences were corrected to a con-
stant oxygen capacity, epinephrine appeared to
cause an increase (from 2.2 to 4.7 volumes per
cent). Weobserved the same increase in experi-
ments in which mild reactions to epinephrine were
elicited and negligible hemoconcentration occurred
(Nos. 102, 105, and 112).

% % Changes in Renal H

Caffeine
2 20 mgrn.

9

60. 7

c5 6
0

5.

E c 4.
I_0

However, only renal venous and femoral arter-
ial blood were compared. According to Dole, et
al. (23) unexplained differences in the oxygen
capacity of renal and peripheral blood can be ob-
served in the dog. Therefore, in later experiments
samples were drawn simultaneously from the renal
vein, renal artery, and sometimes from the femoral
artery. At variance with the assumption of Dole,
it was found that there was a consistent difference
between venous and arterial renal hematocrits
(and oxygen capacities), the former being more
concentrated. This difference was increased by
epinephrine and decreased by caffeine (Nos. 116
and 117). This hemoconcentration cannot be en-
tirely explained by the amount of excreted urine.
With a diuresis of 0.5 cc. per minute, the expected
hemoconcentration would be only 0.,5 per cent.
Even if epinephrine reduces renal blood flow more
than urine flow, hemoconcentration greater than
2 or 3 per cent is not likely. Therefore, some loss

democoncentration

Minutes

FIG. 3. CHANGESIN THE HEMATOCRIT ( ) AND HEMOCONCENTRATION(- - -) IN ONE
DOGFOLLOWINGTHE INTRAVENOUSINJECTION OF CAFFEINE AND EPINEPHRINE

V refers to that in the renal venous, A to that in the renal arterial blood. Note the rise
immediately after epinephrine was given.
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of fluid from the kidney occurs which is not- ac-

counted for except by passage through lymphatic
or capsular vessels (7) 6 or by what is unlikely and
was not seen, a marked swelling of the kidney
itself.

The increase in the hematocrit difference after
epinephrine indicates that this removal of fluid is
not dependent on the blood flow but rather on the
filtration rate. This suggests that lymphatic ves-

sels might be concerned in the tubular reabsorption
of fluid. The inverse action of caffeine can best be

6 According to Kaplan, Friedman and Kruger (24)
renal lymph in the dog is derived from both renal blood
plasma and tubular reabsorbed fluid. These authors do
not believe that the flow of lymph is very great. Tech-
nical difficulties, however, in determining the rate of
lymph flow would, in our opinion, leave this question still
open.

explained by decreased tubular absorption and the
increased renal blood flow which it produces in
the narcotized dog under operative conditions.
The fact that the difference in serum proteins is
less marked than the difference in hematocrit or

oxygen capacity is not surprising, since the protein
content of renal lymph is about one-half that of
the plasma (25).

In human subjects the arterio-venous oxygen

difference was increased except in two (W. G.
and F. W.). Unfortunately, hematocrits were not
determined, but total proteins measured in stored
plasma samples were significantly higher in renal
venous blood after epinephrine was given. The
same mechanism as in the dog experiments can be
tentatively applied to this observation. It should
be kept in mind, however, that in human beings

TABLE III

Changes in arterio-renal venous differences in patients after injection of vasoactive drugs

Drug Time Oxygen PAH PAH Mannitol Mannitol Plasma Hemato-

content cotent conteac Diagnosisdose injection FA-RV P -RV Extrac- R-RV |xta RV RV-FA
tiont tiont

mgm. mi. Vol. % mgm. % % mgm. % % gm. % %
*W. G. 6 0.5 E 0 4.7 1.29 86.0 5.6 Diabetes, arterio-

10 1.8 0.80 83.3 6.2 sclerosis
33 0.7 0.71 84.5

*P. C. i' 0.5 E 0 1.5 3.36 91.0 27 13.5 Cong. heart dis-
5-8 3.1 2.46 90.5 37 21.4 ease, syphilis

19-27 1.6 1.22 84.5 27 18.2

*F. W. 9 0.5 E 0 1.6 6.95 79.7 19 13.6 6.0 Hypertension,
6-8 0.3 4.54 77.7 22 16.9 6.2 obesity

16-19 2.3 3.16 69.6 11 9.2

W. D. c3 0.7 E 0 2.1 2.61 89.5 21.4 20.1 -.35 Hypertension
4-6 2.7 2.62 90.0 31.1 30.8 .65

20-21 2.8 2.93 87.0 33.0 33.3 .00
40 2.95 83.7 17.8 19.1

D. B. 9 0.5 E 0 1.9 3.33 88.8 31 26.7 .10 Hypertension
0 3.21 85.7 27 24.1
6 1.6 3.61 87.6 36 32.5 .00

12 3.66 89.0 23 21.7
26 3.24 86.4 24.6 24.1

G. S. 9 0.4 E 0 1.88 44.7 11 9.8 Hypernephroma
0 1.91 41.1
0 1.88 38.5 10 8.9

5-19 2.21 42.4 18.5 16.3
33 2.36 44.0 14.5 13.0
41 2.23 42.7 11.0 10.0
48 2.26 42.5 10.5 9.7

V. R. 9 0.5 E 0 2.58 89.0 29 22.0 Hypertension
0 2.48 91.5 24 18.7
5 2.77 92.0 39 31.3

10 2.47 92.0 34 28.5
22 2.07 93.0 31 27.3
36 2.53 92.5 31 27.1
54 2.51 93.5 27.5 24.4
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TABLE III-Continued

Drug Time Oxygen PAH PAH Mannitol Mannitol Plasma Hemato-
Subject and after content content content content proteins critDiagnosisdose injection FA-RV P -RV |ton tionr| RV RV-FA

H. T. 6' 1 0.8 E

-.70
- .40
- .30

.30

Peptic ulcer

Primary syphilis

Hypertension

Peptic ulcer,
Parkinsonism

Hypertension

Hypertension

Hypertension

Note: FA indicates sample taken from femoral artery, RVfrom renal vein and P from either femoral artery or anti-
cubital vein. All drugs except pentothal were given subcutaneously. E=epinephrine; H=histamine; P=pentothal.

* In these cases one single injection of PAHand mannitol was given except for M. P. who was given two injections.
In the remainder constant infusions were employed.

t P-RV
P.

t Sodium thiosulfate used instead of mannitol.
I RV-FA.

femoral and renal venous blood were compared.
In the dog there may be a discrepancy between fe-
moral and renal arterial samples. At any rate,
under control conditions, there were no signifi-
cant differences between femoral arterial and renal
venous hematocrits in man.

In the evaluation of renal arterio-venous oxygen
differences one point must be emphasized. Re-
duction of blood flow may decrease greatly the
oxygen content of the venous blood and partial
shunting may partly compensate for this change.
For that reason, unless opening of large shunts

H. D. c?
mgm.

0.7 E
min.
0
0
4

10
22
40

0
0
3.5
8

24
39

0
0
0
3

10
23
38

0
0
3
9

17
31
45

0
6

20
24
42

0
0
0
S

21
37

0
0

12-14
22

vol. %

1.8

2.25

mgm. %
2.88
3.08
3.44
3.59
3.59
4.09

1.34
1.41
1.76
1.79
2.04
2.06

4.05
4.02
4.08
4.14
4.38
3.81
3.88

2.27
2.24
2.24
2.36
2.27
2.10
2.30

2.19
2.43
2.19
2.22
2.10

3.97
4.00
3.90
4.21
4.29
3.84

2.30
0.59
3.96
2.68

gm. %

5.47
(-0.28)§

5.95
(0.00)§

E. C. 9

F. C. di

B.C. e

A. B.

*M. P. 9

93.3
93.6
92.0
90.9
92.3
92.4

95.0
94.0
94.7
93.2
95.3
94.5

88.7
88.7
87.1
87.1
87.8
80.2
81.1

94.0
93.8
92.7
92.7
91.3
92.6
93.0

69.8
74.3
70.5
72.5
73.0

80.7
81.0
81.2
81.8
80.2
77.0

85.8
100 ?

91.5
89.9

mgm. %

11
13
15
17

*2.18t
2.56
3.07
3.48
3.08
3.06

29
30
33
29.5
17.5
10.0
23.0

18.9
16.2
22.2
17.4
13.1
11.9
14.5

14
16
15
14
20

21
18
23
26
27
23.5

20
16.3
28.0
33.0

0.5 H

0.4 H

0.5 H

0.5 H

p

10.0
11.5
13.3
14.8

16.2
20.1
25.9
28.8
27.5
26.7

20.8
21.5
23.7
20.9
11.8

6.2
14.1

18.9
16.2
22.7
18.8
14.4
13.3
16.3

11.7
13.1
12.6
11.9
17.4

15.3
13.4
16.9
19.0
19.0
16.9

15.6
22.5
16.8
21.7

I
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occurs, these determinations are of less value than
PAH and mannitol extractions.

Changes in PAH extractions in dogs were not
very consistent after epinephrine was given, and
the results are not conclusive. In one case (No.
29) it fell to a very low value, but errors in tech-
nique cannot be excluded. Except for this single
questionable case, there appeared no changes con-
sistent with the opening of shunts. The results
of human experiments are certainly less question-
able, and due to the standard conditions under
which the tests were performed, even slight vari-
ations can be considered significant. It may be
assumed that partial shunting of the first type was
produced by epinephrine in case F.W. (Table III),
as both the PAH and the mannitol extractions
were lower than the control values (11.4 and
33.3 per cent respectively). In cases P. C. and
W.D., where the PAH extraction was reduced
7.1 and 6.7 per cent, the mannitol extraction was
not affected, so that shunting might have excluded
mainly the peritubular capillaries (type of shunt-
ing No. 3). Impairment of tubular excretory ca-
pacity due to anoxia, however, could account for
this reduction (26).

Pentothal anesthesia was without visible effect
in one case, and histamine may have opened shunts
of the first type in one (E. C.) and of the third
type in another (A. B.). At any rate, the greatest
shunting elicited in one case where the reaction
to epinephrine was severe, was not much more
than one-tenth of the total renal blood flow. More-
over, this phenomenon was observed in a diseased
kidney where the extraction was low at the be-
ginning. Although four out of the five patients in
whom changes occurred had hypertension, our
findings do not support the hypothesis of Trueta, et
al. that large shunts may open under physiological
conditions and be responsible for intermittent cor-
tical ischemia concerned in hypertensive disease.
Bradley and Bradley (27) were unable to demon-
strate appreciable reduction in PAH extraction
after abdominal compression in eight normal sub-
jects, although renal blood flow was reduced.
While a persistently low PAHextraction by dam-
aged hypertensive kidneys could be produced by
permanent shunting, tubular impairment and the
destruction of active parenchyma with subsequent
replacement by fibrous tissue seems a more likely
explanation. Shunts of that kind would not have

any etiologic significance, being the result and not
the cause of the renal alterations.

Although these experiments do not disprove
the presence of arterio-venous by-passes in the kid-
ney of man and of the dog, they do indicate that
after doses of epinephrine or histamine large
enough to cause systemic reactions, these vascular
channels do not consistently appear. When they
do, they are not very important. In the dog,
furthermore, they were not demonstrated even
after large doses of epinephrine. It is still possible
that such channels may become functional follow-
ing toxic doses of drugs, during severe shock, or
after crushing wounds. Their significance in
minor physiological alterations in homeostasis is
therefore questionable.

SUMMARYANDCONCLUSIONS

1. Experiments involving determinations of
PAH, mannitol, oxygen content and hematocrit
in renal venous and peripheral (or renal) arterial
blood before and after injection of epinephrine,
histamine or pentothal were performed in eight
hypertensive and six normotensive patients, and
in 15 dogs. In patients, renal venous blood was
collected by catheterization of the right renal vein.

2. The maximal decrease in the extraction of
PAHby the kidneys of patients after subcutaneous
injection of epinephrine or histamine was 11.4 per
cent; dog experiments were inconclusive.

3. In two human subjects, arterio-venous oxy-
gen differences were increased by epinephrine,
and in three, decreased.

4. In dogs, there was a consistent difference in
the oxygen capacity, hematocrit, and plasma pro-
tein content between renal arterial and renal ve-
nous blood, the latter being more concentrated.
This difference was increased by epinephrine. It
is suggested that this loss of fluid from the renal
blood may have occurred through renal lymphatic
vessels or other vascular channels by-passing the
renal vein.

5. From these experiments it can be concluded
that large intermittent renal shunts can not be
elicited in man by physiological doses, or in dogs
by larger doses, of epinephrine. Even in subjects
with essential hypertension, histamine or epineph-
rine produced relatively small and inconsistent
changes which could be ascribed to the presence
of shunts.
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