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Changes of Renal Blood Flow Following Various Renal Denervation

Procedures in Intact Kidneys of Rabbits Using Colored Microspheres

Hiroyasu Miura, Yukihide Tsuchida, Naoki Koyama™, and Takao Harashina

Plastic and Reconstructive Surgery and *Institute of Laboratory Animal Science, Saitama Medical Center, Saitama
Medical School, Kawagoe 350-8550, Japan

Abstract: We investigated effects of acute renal denervation procedures on renal hemodynamics in intact kidneys
of rabbits. Fifty-one Japanese white male rabbits were used. Renal blood flow (RBF) was measured by colored
microspheres. In basic studies, first, colored microspheres 15um in diameter were histologically trapped within
glomerular capillaries, indicating measurement of glomerular blood flow. Secondly, we used right kidney as
control and left kidney as experimental side in each rabbit because there was no bilateral difference in normal
RBF (n=15). Renal ischemia (n=8) was produced by clamping left renal artery for 10 min. Renal denervation
procedures were produced by end-to-end anastomoses of renal artery (n=10), those of renal vein (n=10), and
renal sympathectomy (n=8) by stripping the adventitia of left renal artery. Following reperfusion, bilateral RBF
was measured by colored microspheres. At 5 min after reperfusion, RBF of renal ischemia increased to 146.2 &
9.4 % of normal RBF (p=0.0018). At 5 min, RBF of end-to-end anastomoses of renal artery and renal sympathectomy
decreased to 53.6 6.7 % (p <0.0001) and 64.7 =12.5 % (p=0.0258) of normal RBF, respectively. At 35 min,
RBF of renal ischemia, end-to-end anastomoses of renal artery, and renal sympathectomy all recovered to normal
RBF. Section of renal vein did not affect RBF responses. In summary, RBF is transiently decreased due to section
of renal artery and renal sympathectomy, and acute renal denervation and/or vascular spasm may influence RBF.
RBF in intact denervated kidneys all recovers to normal RBF at 35 min. These findings indicate that the renal
sympathetic regulation of RBF is overruled by renal autoregulatory mechanism in initial renal hemodynamics after
acute renal denervation.

Keywords: renal blood flow, renal denervation, renal ischemia, colored microspheres, and rabbit

J Saitama Med School 2002,29:109-116

(Received October 3, 2001)

Schroeder HA and Cohn AE demonstrated that partial

Introduction . )
occlusion of the renal artery produced only a transient

Renal blood flow (RBF) is controlled by the renal
sympathetic nerve, renal autoregulation, hormones
and autoacids™. The renal sympathetic nerves enter
the hilum of the kidney in association with the renal
artery and renal vein and thereafter are distributed
along the renal arterial segments in the renal cortex
and outer medulla. In response to normal physiological
stimuli, changes in efferent renal sympathetic nerve
activity contribute to homeostatic regulation of RBF and

1-4)

glomerular filtration rate™. Current evidence supports

that renal sympathetic nerve activity does not play a
significant role in the mechanisms involved in RBF

autoregulation™”.

decrease in RBF followed by a rapid return to the
control levels?. This phenomenon has been observed
in denervated kidney, during blockade of intrarenal
ganglia, and in isolated perfused kidney”. From these
observations, RBF is normally determined by an
autonomous intrinsic activity of the renal arterioles, and
is independent upon tonic activity in the sympathetic
pathways'™. It is now generally agreed that under
normal physiologic conditions basal renal nerve activity
is generally too low to influence renal hemodynamics™”.
In the preliminary study, we encountered that acute
renal denervation induced by section of the renal artery
produced a transient decrease in RBF, followed by a
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return to the normal levels at 35 min after perfusion
using colored microspheres®.

In 1985 Shell et al ¥ developed nonradioactive, colored
microspheres (CMS), which are chiefly applied to
measurement of regional myocardial blood flow'” As this
procedure uses microspheres labeled with various colors
instead of radioactive material, it has the advantage
of not requiring special facilities and apparatuses.
CMS injected into the left ventricle are distributed in
each organ proportional to regional blood flow in the
organs. As CMS 15pum in diameter are unable to pass
through capillaries, they are retained in arterioles and
thus they are suitable in measuring regional blood flow
in the glomeruli*?. Tsuchida, Y et al have evaluated
that two measurements of jejunal blood flow and RBF
by changing the color of CMS in the same rabbit are
quantitative and useful®".

In the present study, renal ischemia for model of
innervated kidneys was employed. Three renal
denervation procedures in the renal hilum of intact
kidneys were produced®'*'". First, end-to-end
anastomoses of the renal artery were produced after
section of the renal artery. Secondly, end-to-end
anastomoses of the renal vein were produced in order
to elucidate the effects of density difference of the
renal nerves on RBF?. Thirdly, renal sympathectomy
was produced by stripping the adventitia of the renal
artery. At 5 and 35 min after reperfusion, bilateral
RBF was measured by CMS*". Difference in the initial
renal hemodynamics in acute intact innervated and
denervated kidneys was analyzed.

Materials and Methods

Fifty-one Japanese white male rabbits (2.5 to 2.9 kg,
mean 2.7 kg) were used. The care of the rabbits
complies with the principles of Laboratory Animal Care
and the Guide for the Care and Use of Laboratory
Animals (DHHS publication No. [NIH] 85-23, revised
1985). The protocols of the present study were approved
by the Animal Care Committee of Saitama Medical
Center, Saitama Medical School.

Animal preparation All rabbits were anesthetized with
intramuscular ketamine hydrochloride (40 mg/kg).
After intravenous injection of tubocuranine chloride
(1 mg/kg) mechanical ventilation was commenced via
tracheostomy with room air. Following thoracotomy, a
20-gauge angiocatheter was inserted in the left ventricle,
to which a three-way stopcock was connected. One side
was used for injection of CMS and the other side for
monitoring left ventricular systolic pressure, which was

constant within the range of 80 to 90 mmHg throughout
the duration of the experiments. A polyethylene tube
(0.40 mm 1.D., 0.8 mm O.D., Dural Plastics, Australia)
was inserted in the femoral artery for collection of
arterial reference blood sample.

Basic studies Trapping of blue and yellow CMS in
the normal kidneys was histologically examined by
hematoxylin and eosin stain. In the present study, as
the right kidney was employed as the control side and
the left kidney of the same rabbit as the experimental
side, the bilateral normal RBF (n=15) was determined
by CMS. The bilateral difference in normal RBF was
analyzed.

Experimental groups Operative procedure was not
conducted on renal vessels of the right intact kidney
of the rabbit which was employed as control side,
while the left intact kidney was used as experimental
side. Following midline laparotomy and incision of
retroperitoneum, left renal artery and renal vein in the
hilum of the intact kidney were dissected under the
operating microscope. The rabbits were classified into
four groups.

Group 1 Renal ischemia Renal ischemia for model
of intact innervated kidney was used in 8 rabbits. The
left renal artery with all renal nerves running to the
left kidney kept intact was clamped for 10 min with
micro-clip. Clamp time of the left renal artery for 10 min
was established so that it would correspond to renal
circulation blockage time of 10 min in the following
renal denervation procedures. The bilateral RBF was
measured at 5 min and 35 min after reperfusion.

Renal denervation procedures All visible renal nerves
running to left intact kidney were sectioned under the
operating microscope and the rabbits were classified
into three groups. The caliber of the renal artery and
that of the renal vein were uniform, being 1.5 mm and
2 - 3 mm, respectively. Mechanical anastomosis (Precise
microvascular anastomotic system, 3M, St. Paul, MN)
was employed in end-to-end anastomoses of the renal
artery and those of the renal vein because the operative
time required was as short as 5 - 9 min. Furthermore, as
there was no leakage of RBF from the anastomosis site
even after reperfusion, RBF was not impaired. Patency
in all vessels was assessed by an “empty-refill” test
performed distally on the renal artery and renal vein"®.
At 5 min and 35 min after reperfusion, bilateral RBF was
measured.

Group 2: End-to-end anastomoses of renal artery
After applying 2 % lidocaine hydrochloride for relief
of spasm to the renal artery in 10 rabbits, a double
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approximator clamp was applied to the left renal artery
and the central region was sectioned with microsurgical
scissors. The lumen was irrigated with 2 % lidocaine
hydrochloride® and a solution of physiological
heparinized saline (1,000 IU/L). End-to-end anastomosis
of left renal artery was made under the operating
microscope using 1.5 mm device (Fig. 1). Clamp of left
renal artery was released at 10 min after cession of left
renal artery circulation. RBF was measured at 5 min
after reperfusion in order to effect topical application of
2 % lidocaine hydrochloride on renal vessels.

Group 3: End-to-end anastomoses of renal vein
After renal circulation of left renal artery was first
blocked with micro-clip, the same procedure in 10
rabbits was conducted as end-to-end anastomoses of
renal artery, and end-to-end anastomoses of left renal
vein were performed using 2 mm device. Clamp of left
renal artery and renal vein was released at 10 min after
cession of left renal artery circulation.

Group 4: Renal sympathectomy Without applying
2 % lidocaine hydrochloride to left renal vessels, the
adventitia of renal artery in 8 rabbits was stripped
with the media kept intact, and left renal artery was
simultaneously clamped for 10 min with micro-clip.
Renal blood flow measurement Colored microspheres
(CMYS) with a diameter of 15+ 0.3um (E-Z TRAC, Inc,
Los Angeles, CA) were employed at 100 X 10* per kg
body weight. In each rabbit, bilateral RBF was measured
at 5 min after reperfusion with blue CMS and at 35 min
after reperfusion with yellow CMS. CMS were injected
in one shot in the left ventricle, followed by washout
with 1 mL of physiological saline. A reference blood
sample was collected from the femoral artery at the rate
of 6 mL/min by a Minipuls 3 peristaltic pump (Gilson
Medical Electronics, S.A., France), which was started
at 15 sec before injection of CMS and continued for 60
sec after injection. All the rabbits were sacrificed by an
overdose of pentobarbital sodium. Right and left kidneys
were harvested and weighed.

Blue and yellow CMS of right and left kidneys and
reference blood samples were collected according to
the E-Z TRAC procedures. Each kidney was placed in
a 50 mL polypropylene centrifuge tube, to which 45 mL
of tissue/blood digest reagent I was added. The tube
was placed in a water bath heated to 70°C for alkaline
hydrolysis for 12 hours and vigorous vortex mixing
was made for 30 sec. Tissue/blood digest reagent II
was added to the tissue suspension to bring the total
liquid volume to 15 mL and the centrifuge tube was
centrifuged for 30 min. Each sediment was resuspended
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Fig. 1. Photograph showing end-to-end anastomosis of left

renal artery using 1.5 mm device. Arrow indicates site of
anastomosis.

in 10 mL of CMS counting reagent by vortex mixing
and thereafter centrifuged for 15 min. Moreover, CMS
counting reagent was added to each sediment to bring
the solution meniscus to an accurately measured total
volume of 0.40 mL. Following vortex mixing, the sample
preparation was ready for counting.

Immediately after collection of reference blood, about
7.5 mL of the blood was mixed with EDTA Na, in
a 50 mL centrifuge tube. Blood hemolysis agent was
added to each blood sample to bring the total volume to
50 mL, followed by centrifugation for 30 min. The red
supernate was aspirated down to a volume of 5 mL. The
procedures thereafter were identical to those of kidney
samples.

Four aliquots of the final kidney and reference blood
solutions in each rabbit were respectively placed in four
Fuchs-Rosenthal hemacytometers. Blue and yellow CMS
could be recovered without color change after digesting
with strong alkaline hydrolysis. The number of blue
and yellow CMS in each kidney and reference blood
sample was counted in a hemacytometer chamber under
a microscope. RBF value (mL/ min/g) was calculated
from the following equation:*"

Renal blood flow (mL/min/g)=(C,,X Q, )/C, where
C,, is the microsphere count per gram of kidney sample,
Q, is the withdrawal rate of the reference blood sample
(6 mL/min), and C, is the microspheres count in the
reference blood sample.

Statistical analysis All data are expressed as means *
SEM. Regression analysis and paired t test were used
to compare right and left normal RBF. When bilateral
RBF after reperfusion was measured twice in each
rabbit, the right RBF of the control on each occasion was
regarded to be 100 % and left RBF of the experimental
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group was expressed as percentage of the control value.
Within-group comparison was made by analysis of
variance and Fisher’s PLSD post hoc test was used to
test statistical significance. P < 0.05 was evaluated to be
significant.

Results

Histology of kidney The histological findings in the
kidney show that blue and yellow CMS 15 pm in diameter
are mostly trapped within glomerular capillaries (Fig. 2).
Thus, the relative number of CMS recovered from the
kidneys should indicate regional glomerular blood flow.
Bilateral difference in normal RBF The mean right
RBF in 15 rabbits was 4.77 &= 0.41 mL/min/g and the mean
left RBF was 4.71 +0.41 mL/min/g, demonstrating no
bilateral difference in normal RBF (p=0.923). Regression
line formula of left RBF (Y) and right RBF (X) is:
Y(mL/min/g)=0.39+0.91 X X(r=0.923, p< 0.0001, Fig. 3)
A close correlation was demonstrated between left RBF
and right RBF. The foregoing results showed that
in each rabbit the kidney on one side can be used as
control side and the kidney on the contralateral side as
experimental side.

Changes in RBF after reperfusion in renal ischemia
In 8 rabbits, RBF of renal ischemia group at 5 min after
reperfusion showed a remarkable increase, being 146.2
=+ 9.4% of RBF of the control (p=0.0018). RBF at 35 min
after reperfusion decreased to 112.1 = 6.1 % of RBF of
the control (NS, Fig. 4).

Changes in RBF after reperfusion in end-to-end
anastomoses of renal artery In 10 rabbits, RBF of
end-to-end anastomoses of renal artery at 5 min after
reperfusion significantly decreased to 53.6 = 6.7 % of
the RBF of the control group (p<0.0001). RBF of
end-to-end anastomoses of renal artery group at 35 min
after reperfusion recovered to 106.4 0.6 % of RBF of
the control group (NS, Fig. 5).

Changes in RBF after reperfusion in end-to-end
anastomoses of renal vein In 10 rabbits, RBF of
end-to-end anastomoses of left renal vein at 5 min after
reperfusion decreased without statistical significance
to 81.5+10.5 % of RBF of the control group. RBF of
end-to-end anastomoses of renal vein at 35 min after
reperfusion recovered to 101.5+10.1 % of the RBF of the
control group (NS, Fig. 6). Though RBF of end-to-end
anastomoses of renal vein did not show any significant
difference from RBF of the control, it presented a same
recovery pattern of RBF of end-to-end anastomoses of
renal artery.

Changes in RBF after reperfusion in renal

sympathectomy In 8 rabbits, RBF of renal sympathectomy
at 5 min after reperfusion significantly decreased to 64.7
+12.5 % of RBF of the control group (p=0.0258). RBF of
renal sympathectomy at 35 min after reperfusion recovered
to 101.9 == 13.0 % of RBF of the control group (NS, Fig. 7).

in the kidney. (Hemtoxyline and eosin stain, magnification X 50).
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Discussion

This study aimed to elucidate the effects of acute renal
denervation procedures on initial renal hemodynamics
in intact kidneys of the rabbits. Our interesting

observations are that first, renal blood flow (RBF) was
damaged due to renal denervation induced by section
of the renal artery and renal sympathectomy, and were
transiently decreased to a level lower than normal RBF.
Secondly, RBF in these denervated kidneys recovered to
normal levels at 35 min after reperfusion. Thirdly, RBF
was not affected by acute renal denervation induced by
section of the renal vein.

Our data indicate that RBF of renal ischemia immediately
after reperfusion showed a remarkable increase compared
to normal RBF. This mechanism can be explained by
reactive hyperemia in the innervated kidneys'. On the
other hand, RBF at 5 min after reperfusion was transiently
decreased due to acute renal denervation induced by
section of the renal artery and renal sympathectomy,
while it was not affected by section of the renal vein.
These differences in RBF after reperfusion reflect that the
distribution density of renal sympathetic nerves is higher
around the renal artery than around the renal vein*"?.
These findings may indicate that renal sympathetic nerve
activity plays a role in the mechanisms involved in RBF
responses.

Vascular spasm occurs immediately after renal artery
or renal vein is cut, and results from nervous reflexes,
local myogenic spasm, and local humoral factors. Most
of vascular spasm probably results from local myogenic
contraction of the renal vessels'. In the present study,
2 % lidocaine hydrochloride for relief of spasm was
topically applied around renal vessels in the renal
hilus, and the lumen was irrigated with 2 % lidocaine
hydrochloride™'?. It remains unclear how extent
vascular spasm influenced a transient decrease in RBF
after section of renal artery or renal vein.

End-to-end anastomoses of the renal artery produce
complete renal denervation by cutting both the
adventitia and media®®. On the other hand, renal
sympathectomy involving only stripping of the adventitia
is incomplete renal denervation, as perivascular neural
plexuses around the media are kept intact'*"#?.
Our results showed that there was no difference
in recovery of RBF after reperfusion between
end-to-end anastomoses of the renal artery and renal
sympathectomy. This may indicate that RBF responses
are more strongly controlled by renal nerve bundles in
the adventitia than by the remaining perivascular plexus
around the media. These results also suggested that
initial renal hemodynamics in end-to-end anastomoses
of the renal artery may be not strongly damaged by
endothelial cell injury induced immediately after section

of the renal artery"®.
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It is an important finding of this study that RBF responses
in end-to-end anastomoses of the renal artery and renal
sympathectomy is completely reset to normal values at 35
min after reperfusion. Iversen B. J. et al'¥ have produced
renal sympathectomy in spontaneously hypertensive
rats, and reported that the time course of readjustment
in autoregulatory mechanism is within 10 min when the
blood pressure acutely dropped within the pressure range
of autoregulation. In our present study, as the second
measurement time of RBF after reperfusion was late,
the possibility is high that time for resetting normal RBF
in end-to-end anastomoses of the renal artery and renal
sympathectomy is shorter than 35 min.

It is considered that renal autoregulation is mediated
by tubuloglomerular feedback (TGF) loop involving the
juxtaglomerular apparatus and myogenic response of
vascular smooth muscles in the interlobular arteries and
afferent arterioles’****. Normal TGF responses were

26)

observed in isolated perfused kidneys “” and kidneys
subjected to renal sympathectomy****”. However, TGF
responses were late being within 2 - 3 hours after renal
sympathectomy, and consecutive measurements of TGF
responses indicate that the process of TGF responses is
time dependent™. Kurkus, J et al *” have reported that
resetting of TGF responses that developed 2-3 hours
after renal sympathectomy are partially restored by 20
min of renal nerve stimulation at a frequency of 2 Hz.
These results imply that renal nerves have an important
impact on resetting of sensitivity of TGF mechanism.

TGF activity is often directly proportional to
concentration of angiotensin II, especially in high
renin state”. Iversen, B. M. et al'” reported that
acute normalization of the pressure range of RBF
autoregulation in hypertensive rats is dependent on
the degree of pressure reduction of the renal arterial
pressure, whereas renal innervation and plasma renin
concentration do not play a major role. Though our
present study has a disadvantage that renin-angiotensin
system, renal vascular resistance, and renal perfusion
pressure were not analyzed, current evidences suggest
that TGF mechanism in acute renal denervation
is not a major mediator in initially resetting RBF
autoregulation®™”.

In conclusion, our results demonstrate that RBF in
the intact kidneys was transiently decreased due to
acute renal denervation induced by section of the renal
artery and renal sympathectomy, while RBF in intact
innervated kidneys was rapidly increased immediately
after reperfusion. RBF in these denervated kidneys
is completely restored to normal RBF at 35 min after

reperfusion. RBF is not affected due to acute renal
denervation induced by section of the renal vein. We
conclude that renal sympathetic nerve activity partially
controls renal blood flow responses, and that the renal
sympathetic regulation of RBF is overruled by renal
autoregulatory mechanism in initial renal hemodynamics
after acute renal denervation.
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