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LAPAROSCOPIC RENAL PARENCHYMAL HYPOTHERMIA
WITH NOVEL ICE-SLUSH DEPLOYMENT MECHANISM

CAROLINE D. AMES, RAMAKRISHNA VENKATESH, KYLE J. WELD, KEVIN MORRISSEY,
KELLEY V. FOYIL, TABITHA SHEN, STEPHEN DRYER, GREG HRUBY, SALVATORE P. SUTERA, AND

JAIME LANDMAN

ABSTRACT
bjectives. To report the development of a novel, simple-to-use method for laparoscopic deployment of
ne-quality saline ice slush by way of a 10-mm end-effector for laparoscopic parenchymal hypothermia.
ethods. A mechanism for making fine ice slush was created, and a 10-mm laparoscopic end-effector was

esigned and constructed for deployment of the ice slush. The novel ice slush deployment system was tested
n a porcine model and compared with that of standard open ice slush cooling. After atraumatic hilar
lamping, the cortical and medullary temperatures in the upper, middle, and lower poles were measured with
hermocouples.
esults. Six pigs were evaluated in each group. In all cases, the kidneys were successfully cooled to our goal

emperature of 15° to 25°C within 10 minutes and were maintained at the target temperature for 1 hour. The
ore body temperature for the slush group was decreased by 3°C but did not change in the open group. The
enal temperatures quickly returned to normal on unclamping of the renal hilum. One pig in the open group
ied of acidosis and another in the same group experienced thrombosis of the renal artery. No complications
ccurred in the laparoscopic group.
onclusions. We describe a novel, simple-to-use mechanism for producing and delivering fine ice slush in a

aparoscopic setting. The technique achieves optimal parenchymal hypothermia expeditiously. UROLOGY
6: 33–37, 2005. © 2005 Elsevier Inc.
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ephron-sparing surgery has gained accep-
tance as a means to preserve renal function

ithout compromising oncologic control of re-
al tumors.1 Complex renal tumors often require
ransient hilar clamping to allow controlled ex-
ision of the tumor in a bloodless field, suture
epair of the collecting system, and parenchymal
econstruction. However, extended renal warm
schemia times are associated with renal func-
ion impairment.2 Adequate renal hypothermia
ignificantly decreases renal metabolic activity
nd protects the kidney from ischemic insult due
o hilar clamping.3,4 Traditionally, in open sur-
ery, renal hypothermia is obtained by clamping
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LL RIGHTS RESERVED
he renal vasculature and packing ice around the
idney.
Several groups have described their surgical

echnique for laparoscopic partial nephrectomy
nd have replicated the open technique in most
espects.5,6 However, achieving renal hypothermia
as posed a challenging problem for laparoscopic
urgeons. Several techniques for laparoscopic hy-
othermia with delivery of ice slush to the kidney
ave been devised. Gill and colleagues7 reported
nclosing the kidney within a bag and inserting ice
lush into the bag with a 30-mL syringe. Similarly,

akabayashi and coworkers8 described applica-
ion of a funnel insertion device to pour ice slush
nto the retroperitoneum. These techniques suc-
essfully produced renal hypothermia but lacked a
edicated delivery system that could be used in a
onsistent, simple fashion with a standard 12-mm
rocar.
We developed a novel system to produce and

eliably deliver fine quality ice slush around the

idney during laparoscopic procedures through a
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2-mm trocar. We tested this mechanism in a por-
ine model to evaluate the effectiveness of the
ystem.

MATERIAL AND METHODS

The fine quality ice slush was created with a modified
unn Ultra-2 Specialty Drink Machine (Fig. 1) to which
aline was added for generation of a fine ice slush. This
lush was then delivered through 0.5-in. vinyl tubing using
peristaltic pump to a custom-built, laparoscopic 10-mm

IGURE 1. Modified Bunn Ultra-2 Specialty Drink Mach
lush propagated through vinyl tubing by peristaltic pum
pecially designed end-effector (D).

IGURE 2. Flow of ice slush from slush machine throug
nd-effector. To minimize slush melting within the tubing, p

4

slush recycle system was incorporated to circulate the
lush in the tubing from the end-effector back to the gen-
rator when active deployment of ice slush is not in process
patent pending) (Fig. 2).

With the approval of the Washington University School of
edicine Animal Studies Committee, 12 domestic pigs weigh-

ng 30 to 40 kg were randomized to either laparoscopic
n � 6) or open (n � 6) renal hypothermia. After renal mobi-
ization, five thermocouple probes were inserted into the kid-
ey: three in the cortex of the upper, mid, and lower poles
0.5 cm deep) and two in the medulla of the upper and mid-

A,B) used to create fine ice slush from sterile saline. Ice
) and delivered through 12-mm laparoscopic port with

ristaltic pump and end effector and into surgical field.
ine (
p (C
oles (1.5 cm deep). Baseline temperature readings of the kid-
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ey were recorded. Each animal’s core body temperature was
ecorded using a thermometer in the animal’s nostril. Animals
ere placed on a heating blanket and warmed air was applied
nder the surgical drapes as necessary to maintain the core
ody temperature.
In both groups, after clamping the renal artery using a Sat-

nsky or laparoscopic bulldog clamp (the vein was left patent),
enal parenchymal hypothermia was induced. In the laparo-
copic group, ice slush produced by a modified commercial
lush generator (Bunn-O-Matic, Springfield, Ill) was propelled
y a peristaltic roller pump (Cobe Cardiovascular, Arvada,
olo) through 0.5-in. vinyl tubing (Tygon Flexible Tubing,
aint-Gobain Performance Plastics, Paris, France) and deliv-
red through a specially designed 10-mm end-effector. The
nd-effector delivered the ice slush under laparoscopic vision
nd control. In the open group, ice was created using standard
perating room practice and was packed around the kidney in
he traditional manner.

During the ensuing 1 hour of cold ischemia, the renal pa-
enchymal and core body temperatures were recorded every
0 minutes. After 1 hour, the renal artery was unclamped, and
he ice was suctioned off the field. The renal and core body
emperatures were monitored until the renal temperatures
ame within 5°C of body temperature or for a maximum of 1
our, then the animals were killed. Partial nephrectomy was
ot performed, because the purpose of these experiments was
imply to prove that our novel slush system can provide cold
schemia in a laparoscopic system.

The slush generator, tubing, and end-effector were steril-
zed with ethylene oxide. Samples of sterile ice slush from both
he novel laparoscopic system, as well the ice slush produced
n the standard method by operating room staff, were cultured
o prove successful sterilization of the system.

RESULTS

In all cases, the kidneys were successfully
ooled to our goal temperature of 15° to 25°C
ithin 10 minutes and were maintained at the

arget temperature for 1 hour. Figure 3 illus-

IGURE 3. Renal parenchymal and core body tempe
echanism. Goal temperatures of 15° to 25°C were co
rates the cortical and medullary temperatures in a

ROLOGY 66 (1), 2005
he upper, middle, and lower poles at baseline
nd on laparoscopic deployment of the novel ice
lush mechanism. In the laparoscopic group, the
ore body temperature decreased by a mean 3°C
uring cooling. The early animal (with the most
atery ice slush) experienced a drop in body

emperature to 34.3°C but the last animal (with
lush that was less watery) only had a drop in
ody temperature to 36.4°C. After 1 hour of re-
al hypothermia, the renal parenchymal temper-
tures returned to normal within 10 minutes.
The results of the open renal cooling group are

hown in Figure 4. The target renal temperatures
f 15° to 25°C were obtained within 10 minutes
ithout a change in the core body temperature.
he nadir parenchymal temperature for the ani-
als in the laparoscopic group ranged from 7° to

6°C and in the open group ranged from 5° to 8°C.
hese numbers were not statistically significant
P � 0.07). One pig in the open group died of
cidosis and another developed renal artery throm-
osis. No complications occurred in the laparo-
copic group. Ice slush from both the novel lapa-
oscopic system and the standard operating room
ethod were proven to be sterile.

COMMENT

Renal hypothermia decreases renal metabolism
nd thus protects renal tubular cells and minimizes
schemic renal injury. Wickman and colleagues3

nd Ward4 elegantly demonstrated that the tem-
erature range of 5° to 20°C induces a hypothermic
tate that significantly decreases renal metabolic

res with laparoscopic deployment of novel ice slush
ently reached within initial 10 minutes of cooling.
ratu
ctivity. Several investigators have recently sug-
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ested that renal function is not impaired during
hort warm ischemic times.9,10 Nonetheless, renal
ypothermia has been the standard practice for
omplex open partial nephrectomy requiring isch-
mic times longer than 30 minutes.11 As the tech-
ical success of laparoscopic partial nephrectomy
ounts, larger tumors that more deeply invade the

arenchyma will be approached laparoscopically
ith associated longer ischemic times.
Multiple techniques for inducing renal hypo-

hermia have been reported. We have previously
escribed renal hypothermia achieved by retro-
rade endoscopic cold saline perfusion through a
reteral access sheath.12 The limitations of the “in-
rarenal cooling” technique included the need for
ostoperative stenting and that the renal cortex did
ot cool as efficiently as the medulla during retro-
rade cold saline perfusion. Despite these limita-
ions, the intrarenal cooling technique remains our
tandard clinical practice when parenchymal hy-
othermia is required for laparoscopic partial
ephrectomy.
Renal parenchymal hypothermia has also been

escribed by way of vascular perfusion of the renal
rtery with Ringers lactate.13,14 These techniques
lace the vasculature at risk of injury or thrombo-
is, subject the patient to potential volume over-
oad, and require special skills not typically pos-
essed by the practicing urologist. Herrell and
olleagues15 developed a novel approach for
chieving renal hypothermia by applying a cooling
heath to the kidney. The sheath was efficacious
ut could not be deployed using a standard 12-mm
rocar.
Despite the emergence of novel ideas to induce

IGURE 4. Renal parenchymal and core body tempera
idney in ice.
enal hypothermia, the application of ice slush t

6

round the kidney remains the most reliable and
fficacious technique. With our novel system, a
ne ice slush is generated that can be propelled
hrough tubing using a roller pump from the
enerator to the end-effector. The surgeon has the
bility to control the flow rate of slush easily and
onveniently by depressing the handle of the end-
ffector.
The advantages of this technique include the re-

ycle system that ensures ice slush at a near perfect
onsistency, the capability of the surgeon to con-
rol the placement and flow rate of the slush, and a
urely laparoscopic delivery system without the
eed for trocar site enlargement. The paste-like
onsistency of the slush and the presence of the
neumoperitoneum, which separates the kidney
rom the bowel, preclude the need for a bag, which
s occasionally used in open surgery to contain the
lush around the kidney. Such a bag is cumber-
ome to deploy laparoscopically (as suggested by
he fact that most laparoscopists still use warm
schemia for partial nephrectomy despite the de-
cription of other ice systems). Finally, that a bag is
ot necessary in our system will make laparoscopic
old ischemia a more simple undertaking for the
urgeon. Although cooling of the bowel is a poten-
ial problem, no interruption to arterial perfusion
f the mesentery occurs and, therefore, any ice that
eaches the bowel melts immediately. Bowel loops
emained pink throughout the experiment.
Ice slush can be easily added during the case if
elting occurs. We noted a small amount of melt-

ng on first application of the slush; however, once
he ischemic kidney was cooled, additional appli-
ation was unnecessary. The animals involved in

s with traditional open renal exposure and packing of
ture
he early experiments had a drop in core body tem-
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erature; however, this problem was reduced by
sing a machine with greater control over the slush
onsistency. By creating a slush that had a consis-
ency of toothpaste, the run off around the perito-
eal cavity was less, and, therefore, less systemic
ooling occurred.
All components of this design were sterilized.
urrently, design modifications are in progress to
ptimize the function of the system and allow for
ommercial development. Because the novel ice
lush machine and deployment mechanism are
ighly efficacious and easy to use, it is anticipated
hat the device will have applications outside of
rologic surgery and that it will have application in
oth open and laparoscopic procedures that re-
uire parenchymal hypothermia.

CONCLUSIONS

The results of our study have indicated that renal
arenchymal hypothermia with the ice slush gen-
rator using a 10-mm end-effector is feasible and
chieves excellent hypothermic effect expedi-
iously. In the in vivo porcine model, the system
esulted in only a minimal decrease in core body
emperature without the need for a bag, which is
umbersome to place laparoscopically.
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