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ABSTRACT
Objective: To build up a new microcontroller thermoelectric system to achieve renal hypothermia.

Material and methods: Renal hypothermia system was tested under in vivo conditions in the kidneys of ten
Mongrel dogs. Ambient temperature was evaluated using two different microcontrollers. In order to ensure
hypothermia in the renal parenchyma, selection can be made among 4 modules and sensors which detect
the temperature of the area. The temperature range of the system was adjusted between -50°C and +50°C.

Results: When single and double poles of the kidney were cooled, initial mean intraperitoneal temperature
values were found 37.7°C for rectum and 36.5°C for renal cortex and medulla. After the temperature of the
cooling module was set to 12°C, the module was placed on the poles of the kidney. After fifteen minutes,
temperature was 15.4°C in the lower pole of the kidney, 28.1°C in the cortex of the other side and 29.2°C in
the intramedullary region. The temperature was found to be 15°C in the vicinity and 26.1°C in the cortex
across the module. After the system was stabilized, a very slight change was observed in the temperature.

Conclusion: Hypothermia system developed ensured desired cooling of the targeted part of the kidney;
however, it did not cause a change in the temperature of other parts of the kidney or general body tempera-
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ture. Thus, it was possible to create a long-term study area for renal parenchymal surgery.

Keywords: Hypothermia; partial nephrectomy; renal surgery; thermo-electric system.

Introduction

Partial nephrectomy (PN) has become the gold
standard procedure for the treatment of small
renal tumors (especially <4 cm), and will be
performed more commonly as the incidence
of incidentally diagnosed small renal tumors
increases.! Open partial nephrectomy (OPN)
is advised much more as recent literature has
showed that nephron-sparing surgery (NSS)
has the advantages of improved renal function
and prolonged life expectancy.!"

Nowadays minimally invasive NSSs, such as
laparoscopic partial nephrectomy (LPN) and
a much newer technique of robotic partial
nephrectomy (RPN), are being performed in-
creasingly parallel to the developments in the
technology. Cooling the kidney is more diffi-

cult and complex in LPN, and mean ischemia
time is generally longer than OPN. This prob-
lem has been overcome to some degree in RPN
with the technical properties of the robotic sur-
gery system.?!

Providing a bloodless operative field and pre-
venting renal dysfunction during the postop-
erative period are the most important issues in
long-lasting renal parenchymal surgery. The
easiest method used for this purpose is clamp-
ing the renal artery, which has a disadvantage
of limited time of only 30 minutes in order to
avoid loss of renal function.™ This time can be
extended in a hypothermic setting.

Among other methods used for hypothermia
up to now, the one that has been most fre-
quently and easily used is the in situ cooling
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of the renal surface by external ice-slush.* In this surface hy-
pothermia method, it is difficult to maintain the temperature
at the same level in the renal cortex and this method may lead
to renal injury. Another method is to provide hypothermia by
a cooling instrument that is completely wrapped around the
kidney.”! Besides these methods, there are invasive techniques
such as renal artery perfusion and retrograde endoscopic renal
hypothermia.l*#!

The aim of this study was to noninvasively create an ideal state
of renal hypothermia (RH) which will ensure ideal hypother-
mia setting in distant parts of the renal cortex and medulla, and
maintain the targeted level of temperature at a certain part of the
kidney for a particular period of time.

Material and methods

The protocol of this experimental study was approved by the
Selguk University Animal Experiments Ethics Committee (ap-
proval number: 2013.HDEK.2010008), and it was performed
in accordance with principles of laboratory animal care in the
Selcuk University School of Veterinary Medicine.

In this study, a RH system was controlled by using two 8-bit
separate microcontrollers, PIC16F84 and PIC16F877 in com-
pliance with MPASM package program. The temperature value
obtained from the PIC16F84 outlet was fed to the second mi-
crocontroller PIC16F877. A 10-bit counter that can be adjusted
as 4 ups-downs separately between 0 and 700 was placed in
PIC16F877 in order to determine the temperature value at dif-
ferent parts of the kidney. Thus, not only the temperature of the
area could be adjusted by its own counter, but also the thermo-
electric module and the sensors that perceive the temperature of
these modules could be selected.

Microcontroller calculated the difference between the adjusted
temperature and the actual temperature. This difference was
multiplied by the system’s proportional gain, to obtain the pro-
portional tension which was used as the control tension that
changes duty cycle of the Switch Mode Power Supply (SMPS).
When the control tension of SMPS was proportionally altered,
the outlet tension automatically changed proportionally. This
tension fed the thermoelectric module in the selected area. The
system was equipped with a continuous cycle, required for cool-
ing in thermoelectric systems.

A serpentine formed from a 4-mm copper tube was mounted at
the opposite side of the module’s surface cooling the kidney.
Water at room temperature was pumped through a plastic pipe
to the serpentine, which traveled along the serpentine and re-
turned to the depot. Thus, the temperature of the module was

maintained at a stable level. In case of the presence of insuf-
ficient water in the system or sensor errors, alarm system would
be automatically activated and give a sonorous warning. More-
over, the type of the error can be monitored from the Liquid
Crystal Display (LCD) monitor. When the temperature value in
the system reaches or exceeds the warning limit, the alarm sys-
tem is activated. The temperature range can be adjusted between
-50°C and +50°C, and the system can readily provide the ideal
temperature value of hypothermia (15°C) within 15 min. When
the temperature of a module reaches the desired cooling value,
the system can maintain the same temperature for as long as
necessary.

The main body of the system covers an area of 50x25x25 cm.
Each module is square in shape and 3x3x0.3 cm in size. It can be
used in the form of a box that can house renal poles depending
on the modular position. The development of this system and
the initial successful experience obtained with it, was published
previously.”

The system was tested for 60 min at room temperature in order
to provide hypothermia in the kidneys of ten Mongrel dogs, di-
vided into two groups as Groups 1, and 2, in the Research and
Development Laboratory of Selcuk University, School of Vet-
erinary Medicine. The dogs were anesthetized by intramuscular
administration of xylazine hydrochloride 2 mg/kg + ketamine
hydrochloride 20 mg/kg, and then transperitoneal incisions were
made. The median dimensions of the kidneys of the dogs were
measured as 6.8x4.3x2.9 cm. At the beginning of the operation,
renal pedicle was freed and clamped. Sensors were placed in the
lower and upper poles of the kidney, opposite side of the thermo-
electric module and intra-medullary areas. The module, which
was sterilized with ethylene oxide gas, was placed at the lower
poles of the kidneys in Group 1, and at the lower and upper poles
of the kidneys in Group 2 (Figure 1). Schematic view and ap-
plication of the developed RH system are presented in Figure 2.
Temperatures measured by thermocouple near the module, at the
opposite side of the module, upper pole and intra-medullary ar-
eas were recorded. The measurements were repeated for a total
of 13 times, once at the beginning and then every 5 min thereaf-
ter. Mean values were calculated and possible measurement er-
rors were minimized. In addition, body temperature was rectally
measured every 5 min for 60 min.

Statistical analysis

All statistical analyses were performed with the Statistical Pack-
age for the Social Sciences for Windows® Version 15.0 (SPSS
Inc.; Chicago, IL, USA). Statistical analysis was based on paired
t test, Wilcoxon signed ranks test and Mann-Whitney U test
where applicable. A p value of <0.05 was considered as statisti-
cally significant.
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Table 1. Average temperature values of the cooled lower poles of the kidneys in Group 1

Time Rectal Lower Pole Opposite Side Upper Pole Intramedullary
(min) Temp. (°C) Temp. (°C) Cortical Temp. (°C) Temp. (°C) Temp. (°C)
0 37.7 36.4 36.3 364 36.4

5 37.6 34.7 35.6 358 359

10 37.6 292 313 322 31.1

15 375 15.7 30.1 313 302

20 375 15.2 28.3 304 29.5

25 375 150 28.1 292 29.1

30 375 15.3 28.0 29.3 29.3

35 374 152 283 293 294

40 374 150 28.1 29.0 292

45 374 149 28.0 29.1 294

50 37.3 15.1 282 293 29.2

55 37.3 15.2 28.2 29.1 293

60 37.3 150 28.1 292 29.1

Figure 1. a, b. Intraoperative pictures showing the application of the developed system and measurement of the temperature.
(a) The kidney is dissected, mobilized, and placed on the cooling module. (b) The temperatures of the upper and lower poles
are being measured

Results

Table 1 presents the mean time-dependent average temperatures
measured from different areas of the kidney during the opera-
tion using the newly developed RH system for the Group 1, and
Table 2 shows the corresponding values for Group 2.

Intramedullary

sensors
Upper pole

=— K-type thermocouple

As demonstrated in Tables 1 and 2, it was found that although
renal parenchymal surgery could be performed by cooling only
one pole, cooling both poles produced better results. Double-
pole cooling system should be preferred in interventions that

¥ will last more than 60 min.

It was found that the kidney surface where only one module

Opposite side

Power

Thermoelectric module

Lower pole

was placed, returned to its normal initial temperature within 5

Figure 2. Schematic external view of the developed system i o 3
min. and other areas within 2 min. after the renal clamp was re-
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Table 2. Average temperature values of the cooled lower and upper poles of the kidneys in Group 2

Time Rectal Lower Pole Opposite Side Upper Pole Intramedullary
(min) Temp. (°C) Temp. (°C) Cortical Temp. (°C) Temp. (°C) Temp. (°C)
0 37.6 36.6 36.6 36.6 36.6
5 37.6 294 33.1 29.5 35.5
10 37.6 222 293 222 31.1
15 37.5 15.1 26.1 15.3 28.2
20 374 152 243 154 26.5
25 374 15.0 24.1 152 25.1
30 374 15.3 24.0 15.3 253
35 37.3 152 233 15.3 254
40 373 15.2 23.1 15.0 252
45 372 15.1 22.0 15.1 254
50 372 15.1 223 15.3 252
55 372 15.1 20.2 15.1 243
60 372 14.9 20.1 152 241
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Figure 3. a, b. (a) Time/average temperature graphs of the values obtained when only lower pole is cooled. (b) Time/average tem-

perature graphs of the values obtained when lower and upper poles are cooled at the same time

moved. It was also established in this experiment that the double
module-cooled areas returned to their normal initial tempera-
tures with only a slight time difference. When the experiment
was completed, the dogs were awakened and kept alive, and no
complication was observed during the postoperative period.

As shown in Figure 3, in both single and double-pole cooling
systems, temperatures of the cooled areas significantly de-
creased within 15 min. and remained fixed approximately for
60 min. There was a slight decrease in the temperatures of other
areas that also remained fixed. General body temperature did not
change throughout the procedure.

Discussion

Partial nephrectomy has become the gold standard treatment
in the management of small renal tumors.!"! NSSs, whether
open or minimally invasive, are being performed more com-
monly as much more small renal tumors are incidentally diag-
nosed. The major problems in renal parenchymal surgery are
hemorrhage and loss of renal function. Researchers studying
in the field of renal surgery aim at finding a bloodless and
long-lasting method of hypothermia that does not result in re-
nal dysfunction.
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Renal cortex and medulla are vulnerable to the damages related
to ischemia.'y Tissue ischemia causes the release of various
inflammatory and vasoactive products that cause further dam-
age, and continued ischemia leads to cell death."” Because renal
metabolic activity is almost completely suspended at tempera-
tures of 5°C to 20°C, the goal of RH should be to provide a re-
nal temperature within this range in order to minimize ischemia
related organ damage. In the past, Ward!'!! has established that
optimal RH is 15°C, which is not easy to achieve.

Although the easiest method to provide a bloodless situation
is clamping the renal artery, this method has a disadvantage of
limiting the operation time to 30 min in order to avoid renal
dysfunction.®! Although there is a common generalization that
warm ischemia time (WIT) for over 30 min. leads to renal dys-
function, a recently well-designed small prospective study has
shown that 25 min is a cut-off value in WIT for irreversible renal
damage."? In addition to this, a recent publication suggests that
every minute of warm ischemia can affect the risk of developing
stage IV chronic kidney disease.!"!

It has been reported that arterial occlusion at 20°C has provided
an operation time up to 2 hrs in practice and this time interval
has been extended up to 4 h in some cases by opening and clos-
ing the artery."'! However, in contrast to this, there is evidence in
the literature that intermittent clamping of the renal artery with
short periods of recirculation may also be more damaging than
continuous arterial occlusion.!*!

In the surface hypothermia obtained with ice-slush, a volume of
about 300-750 mL is required and 15 min should be ensured in
order to cool the cortex. This leaves 5-20 min time for manipula-
tion. It is difficult to keep the cortical temperature at the same
level since the ice-slush warms up very rapidly, thus a stable
hypothermia cannot be provided in all parts of the kidney. Be-
sides, there is a loss of temperature in the tissues near the kidney
contacting with the ice-slush. Against its disadvantages, this
method has been used commonly in open surgery as it is easy
and cheap to apply.

In retrograde endoscopic RH, cold saline serum was cooled
down to -1.7°C and circulated by the retrograde urethral route.
Meanwhile, the temperature measured by thermocouple was
24°C in the cortex and 21°C in the medulla. This method length-
ened the operation time for 35 min, but it must not be forgotten
that it is an invasive method. Landman et al.® reported the clini-
cal technique and preliminary results of efficacy of RH achieved
by high-flow retrograde instillation of ice-cold saline.

An invasive method of renal parenchymal cooling has been intro-
duced by Marberger et al.*”! They described this effective cooling

method, in which the renal artery had been occluded intraluminaly
by a balloon-tipped catheter and the kidney had been cooled by an
intermittent hypothermic perfusion, in 26 of 31 extensive nephro-
lithotomies . In their second paper, they again showed that percu-
taneous transarterial hypothermic renal perfusion was superior to
topical ice-slush hypothermia in terms of recovery of postopera-
tive renal function as demonstrated in 95 extensive nephrolithoto-
mies.”! The applicability of this method in LPN, with a modifica-
tion of arterial occlusion by applying a tourniquet on renal artery
was shown by Janetschek et al.') With their initial experience in
a series of 15 patients, they concluded that this method was safe
and feasible in LPN. Later on, Shen et al.l'¥ reported that renal
arterial catheterization for temporary balloon occlusion and hypo-
thermic perfusion of renal artery was safe, effective and feasible
in LPN with postoperative kidney function being comparable to
the preoperative values. Marley et al.'”! have demonstrated that
intravascular perfusion with ice-cold lactated Ringer’s solution
during LPN can achieve RH below 15°C with minimal changes in
renal functions during the early postoperative period.

One of the studies aiming to provide an effective hypothermia
on the renal cortical surface was conducted by Cockett et al.
by using an external cooling device. They developed a stainless
steel surface cooler with a kidney-like shape, which cooled the
completely mobilized kidney to 7-10°C during PN while pro-
tecting the renal pedicle and ureteropelvic junction. This exter-
nal device, manufactured in three different sizes, was found to
be effective for ensuring cold ischemia.”

Several cooling devices have been developed later on, and some
of them have been patented. Herrell et al.l'8 have developed a
cooling sheath device with a bag containing ice slurry, which
can be used for either open or laparoscopic surgery, and have
shown that this device could protect the kidney hypothermically
during 60 min of temporary arterial occlusion in a laparoscopic
swine model. This device was difficult-to-use because of the
tubing placement and bag size, and did not get a patent despite
its application. Thomas et al.'! granted a patent in 2010 for their
cooling device consisting of a bag with a fluid reservoir in which
the kidney can be placed. Despite the preliminary promising re-
sults, none of these devices have been studied further, marketed,
or seen wide adoption.

Summers et al.? have designed, prototyped and evaluated the
effectiveness of a minimally invasive renal cooling device con-
sisting of a fluid-containing bag with foldable cooling surfaces.
This device was deployed through a 15-mm trocar and wrapped
around the kidney. The bag was filled with ice slurry and re-
mained on the kidney for up to 20 min. The researchers showed
that the device successfully cooled porcine kidneys from 37°C
down to 20°C in 6 to 20 min.=*"
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In our study, it was planned to develop a noninvasive RH sys-
tem that could keep a targeted part of the kidney at a certain
temperature for as long as necessary. Renal cortex can be cooled
down to the intended temperature values, totally or locally, and
the temperature of the cooling module reaches to the desired
level for application in as shortly as 3 min. Cooling modules can
be used in two opposite sides of the kidney at the same time.
After the temperature of the module reaches the targeted cool-
ing value, the same temperature can be stably maintained. It is
contemplated that the system not only prolongs the operation
time, but also confers all advantages of hypothermia. Since the
parts of the module not used for cooling are isolated, it does not
have any influence on the body temperature or the tissues around
the kidney.

Our study has certainly some limitations. Firstly, the dog model
may not be applicable to humans, as the dog kidneys are smaller
than the adult human kidneys. The increased mass of the hu-
man kidney may make it more difficult to cool in that it either
requires a longer period of time to cool or it is not possible to
cool the kidney to 15°C using this system. Secondly, this system
is useful for only open surgery at the moment. A new different
version can be developed for minimally invasive surgery in the
future with further researches focusing on decreasing the size of
the modules so as to make it possible to advance the modules
through trocars.

In conclusion, the developed RH system brings any part of the
kidney to the targeted temperature within 15 min and reliably
maintains that temperature for the predetermined period of time.
No significant temperature changes take place in other parts of
the kidney and general body temperature is not affected, either.
It has been observed that this system can simply ensure extra RH
in the targeted way. Further studies should be conducted on vari-
ous animal kidneys before trying this system in humans.
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