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ABSTRACT
Objective: To investigate to what extent the urothelium of the renal collecting system is affected
when performing deep endophytic cryoablation.
Methods: The study was conducted as an in vivo animal model with a total of 15 female pigs. Each
animal was subjected to bilateral endophytioc renal cryoablation and randomized to a postoperative
follow-up period of either one, two or four weeks. At the end of follow-up all animals had a magnetic
resonance imaging (MRI) examination and bilateral nephrectomy was performed. On MRI-imaging the
extent of the cryolesions, as well as signs of urinomas or fistulas, were examined. Histopathologic
examinations were performed to investigate the effect on the urothelium.
Results: All animals tolerated the procedure well without any postoperative complications. MRI exami-
nations found the renal collecting system to be involved in the cryolesions at all three stages of fol-
low-up and revealed no signs of hematomas, urinomas or fistula formations. Epithelial edema was
found at all three stages of follow-up while significant parenchymal fibrosis adjacent to the urothelium
was most pronounced in the four weeks of follow-up group. The urothelium was significantly affected
with luminal hemorrhage as well as hemorrhage in and underneath the urothelium and urothelial dis-
sociation from the underlying renal parenchyma. Despite these impacts on the urothelium, this was
found to be intact and vital at all three stages of follow-up, in sharp contrast to the renal parenchyma
that underwent fibrotic changes.
Conclusions: In this, in vivo non-tumor pig model CA effectively destroyed the renal parenchyma
while the impacted renal urothelium remained intact and did not undergo fibrotic changes, nor was
urinomas or fistulas observed.

Abbreviations: CA: Cryoablation; MRI: Magnetic resonance imaging; TSE: Turbo spin echo; FS: Fat sat-
uration; BGP: Bodil Ginnerup Pedersen; HE: Hematoxylin/eosin; MT: Masson Trichrome; MA: Malene
Aastrup; HV: Hanne Vinter; RFA: Radiofrequency ablation.
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Introduction

The increased use of cross-sectional imaging for otherwise
unrelated conditions has significantly contributed to the
early detection of renal masses, many of which are T1a can-
cers less than four cm [1,2]. According to urological guide-
lines partial nephrectomy remains the recommended
modality for the treatment of small renal masses [3,4]. But
for the past decade, ablative techniques have proven to be
effective in selected patients, where the modality can offer a
minimally invasive approach with the potential benefits of
low complication rates, decreased morbidity and acceptable
oncologic outcomes [5–7]. These techniques, including cryoa-
blation, radio frequency ablation and microwave ablation, is
considered safe but can be complicated with unintended
thermal injury to the surrounding structures such as bowel
loops, nerves or the urinary collecting system [8]. The effi-
cacy of cryoablation (CA) depends on the biological

characteristics of the targeted tissue, namely the rate of
blood flow, density, specific heat and thermal conductivity,
and therefor concerns for the possibility of persistent tumor
cells following CA can be raised when treating deeper
tumors located adjacent to the pelvicaliceal system [8,9].
While the management of small renal masses has been, and
still is, evolving toward minimally invasive and nephron-spar-
ing surgery, the treatment of central and endophytic tumors
still remains a challenge. Treating such tumors with cryoabla-
tion can be challenging due to the tumors proximity to the
renal vasculature and the collecting system, resulting in a
possible disturbance in the ablation zone due to a natural
heat sink primarily caused by the flow of blood and urine
production [9,10].

In contrast to other ablative modalities CA appears to
spare the renal collecting system, but this aspect is based on
very limited and contradictory evidence [9,11,12].
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In the present study, we systematically investigate the
impact of CA on the urothelium of the renal collecting
system in an in vivo pig model by utilizing magnetic reson-
ance imaging (MRI) examinations and histopathologic
examinations.

Materials and methods

The present study was conducted at the Department of
Urology, Aarhus University Hospital and the Department of
Clinical Medicine, Aarhus University. The study was approved
by the Danish Authority on Animal Experiments (registry
number: 2013-15-2934-00778). The Animal Research:
Reporting of In Vivo Experiments guidelines on reporting ani-
mal experiments were adhered to [13]. All animals were
female Danish Landrace pigs, weighing approximately 40 kg
and being approximately 100 days old. A total of 15 animals
were used. All animals were kept for one week at a certified
research pigsty for acclamation and optimization of bowl
function prior to intervention. Before treatment, each animal
was randomized into one of three follow-up groups after
which laparoscopic-assisted bilateral renal CA was performed.
After the treatment, all animals were returned to the pigsty
facilities and dependent on randomization they were kept at
the pigsty for one, two or four weeks postoperatively before
undergoing MRI examination prior to nephrectomy. All pigs
were humanely euthanized using an overdose of pentobar-
bital after nephrectomy.

Anesthesia and postoperative care

Preanesthesia medication consisted of 2mL Penovet Vet
(300.000 IU/mL), 4mL Stresnil (40mg/mL), 4mL Dormicum
Vet (5mg/mL), and 10mL Hypnomidate (2mg/mL). During
surgery, animals were under general anesthesia using
Propofol 15mL/h and kept pain free with an infusion of
10mL/h Fentanyl (50mg/mL). At each laparoscopic port site,
2.5mL of Bupivacain (5mg/mL) was injected. A dose of
750mg Cefuroxime was given both pre- and postoperatively,
and an injection of 2mL Finadyne (50mg/mL) was adminis-
trated after surgery as well. All animals were given a catheter
a demure during the procedure.

Postoperative pain management consisted of Finadyne
paste (50mg/g) for the first four days postoperatively. The
well-being of the animals was systematically monitored and
registered daily by means of a scoring chart for the first five
days and thereafter by daily interactions with the ani-
mal caretakers.

Cryoablation procedure

Using a standard three-port laparoscopic approach, the kid-
neys were identified and mobilized, allowing for ultrasound-
guided cryoprobe placement (BK Medical 4-Way
Laparoscopic 8666-RF; Herlev, Denmark). One 17-gauge cry-
oprobe (IceSphere, BTG Galil Medical, Arden Hills, Minnesota,
USA) was inserted to a depth of 30mm at the lateral rim five
cm from the top of the upper renal pole, ensuring close

proximity to the renal collection system and confirming this
by intra abdominal ultrasound. A 17-gauge multipoint
Thermal Sensor (BTG Galil Medical) was placed parallel to the
cryoprobe at a distance of approachable 10mm. CA was per-
formed and monitored using the Visual-ICE System (BTG Galil
Medical) with argon gas for freezing and helium gas for
thawing. The CA procedure consisted of a standard double
freeze cycle with ten minutes of freezing followed by six
minutes of passive thaw and then two minutes of active
thaw. The same procedure was performed on the contralat-
eral kidney.

MRI examination

The MRI examination of the renal parenchyma involved a
respiration-triggered examination of the animals in the
supine position on a 3-T magnet (Siemens Magnetom Skyra,
Siemens, Erlangen, Germany) with an 18 channels body coil.
Three sequences were performed before intravenous contrast
was administered; axial 4mm T2 turbo spin-echo (TSE), axial
5mm T1 gradient echo sequence with fat saturation (FS),
and coronal 4mm T2 TSE. Intravenous contrast, Dotarem
(gadoterate meglumine, 279.3mg/mL; Guerbet, France), was
administered at 0.2mL/kg body weight, and a nondynamic
postcontrast 4-mm coronal T1 TSE sequence with FS was
undertaken (T1-FSþgadoterate meglumine contrast agent
[Gd]). A board-certified senior radiologist (BG?) with 8 years
of experience in body MRI evaluated all images. The radiolo-
gist was blinded to the length of the follow-up period.

Histopathology

Nephrectomy was performed immediately after MRI. A sec-
tion cut was placed through the middle of the cryolesion in
order to obtain optimal fixation (10% buffered formalin). The
tissue containing the cryolesion and the surrounding renal
parenchyma was cut in four mm thick sections and dehy-
drated in a Tissue-Tek VIP tissue processor (Sakura, Nagano,
Japan). Following dehydration, tissue was embedded in par-
affin and cut at two to three lm and stained with hematoxy-
lin/eosin (HE) and Masson Trichrome (MT). Each specimen
was systematically examined by microscope to identify the
affected urothelium and determine whether it was intact or
urothelial dissociation had occurred (categorized as yes/no).
Likewise, the presence of liponecrosis and hemorrhage in the
urothelium, underneath the urothelium and luminar hemor-
rhage were examined and categorized as yes/no. Urothelial
edema and parenchymal fibrosis were categorized as much/
little/none. Inflammatory cells were categorized as many/few.

Whole slide images were captured by Nanozoomer 2.0HT
(Hamamatsu Photonics K.K., Hamamatsu City, Japan) at mag-
nification 20X. The distance from the cryoablative induced
tissue necrosis to the urothelium was manually outlined and
measured using NDP Viewing software U12388-01
(Hamamatsu Photonics K.K., Hamamatsu City, Japan).

Histological examinations were independently performed
by MA and HV, and in case of discrepancy the case was dis-
used and settled with a genitourinary pathologist with more
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than 35 years of experience (SH). All examiners were blinded
to the length of follow-up and all specimens were examined
twice using the same microscope.

Results

Apart from expected perioperative gross hematuria all 15
animals tolerated the procedure very well with no postopera-
tive complications. No animals were excluded from
the study.

Macroscopic examination

In the one-week group, the cryolesions appeared edematous
with blood stasis surrounding a large part of the renal collec-
tion system. In the two and four-week groups, the cryole-
sions gradually retracted and the edematous appearance
changed toward a more sharply demarcated fibrotic appear-
ance that extended toward the renal collection system
(Figure 1).

MRI findings

At all three stages of follow-up, the cryolesions were found
to extend through the renal parenchyma involving the adja-
cent renal collecting system (Figure 2). No urinomas or fistu-
las in relation to the cryolesions were observed at any of the
three stages of follow-up.

Pathology

The histopathologic findings for each of the three follow-up
groups are listed in Table 1. Each group consisted of five ani-
mals with a total of ten kidneys treated in each group.

The shortest distance from the urothelium to the affected
parenchyma was found to be 580 mm (IQR 494), 444 mm (IQR
589) and 2411 mm (IQR 783) in the one, two and four weeks
of follow-up groups, respectively (Table 2). Luminal hemor-
rhage within the renal collecting system was observed in
90% of the specimens in both the one and two-week follow-
up groups and in 80% of the specimens with four weeks of
follow-up. Urothelial dissociation from the underlying renal
parenchyma was found in 63%, 33% and 50% of the speci-
mens in the one, two and four weeks of follow-up groups,
respectively. Hemorrhage underneath the urothelium and
hemorrhage within the urothelium was observed in 80%,
50%, 20% and 80%, 60%, 30% of the specimens in the one,
two and four weeks of follow-up groups, respectively.
Significant urothelial edema was found in 30%, 60% and
20% of the specimens in the one, two and four weeks of fol-
low-up groups, respectively. Liponecrosis was observed in
25%, 38% and 10% of the specimens in the one, two and
four weeks of follow-up groups, respectively. Significant par-
enchymal fibrosis adjacent to the urothelium was found in
33%, 40%, 90% and a high number of inflammatory cells
was observed in 50%, 40% and 20% of the specimens in the
one, two and four weeks of follow-up groups, respectively.
Examples of histology sections are found in Figure 3.

Discussion

In the present study, we examined the urothelium of 30 kid-
neys from 15 pigs that were exposed to a renal cryoablation.
Apart from the expected perioperative gross hematuria, all
15 animals tolerated the procedure very well. MRI examina-
tions found the renal collecting system to be involved in the
cryolesions at all three stages of follow-up but revealed no
signs of post-operative complications. The renal collecting
system was found to be significantly affected by CA but
remained intact, and in contrast to the renal parenchyma the
urothelium did not undergo fibrotic transformation.

In an in vivo pig study by Sung et al. [12] CA was inten-
tionally performed on the renal collecting system, investigat-
ing both the short- and long-term sequelae. At one month
of follow-up, regrowth of normal urothelium occurred with
some scarring of the lamina propria or underlying smooth
muscle and cytoplasmic vacuolization was seen in the acute

Figure 1. (Macro). Macroscopic evaluations of the cryo lesion immediately after
nephrectomy. (A) The cryo lesion one week after ablation with blood stasis in
the ablation zone and the involved collecting system. (B) The cryo lesion two
weeks after ablation in which the ablation zone appears more well defined and
with less blood stasis in the collecting system. Fibrotic transformation is starting
at the edge of the cryo lesion (transformation zone). (C) The cryo lesion four
weeks after ablation with almost complete fibrotic transformation and the col-
lecting system appears completely intact as the ablation zone becomes a
fibrotic scar.
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cryolesions, comparable with the histopathologic findings of
the present study. Also, as found in the present study, the
authors did not see find any signs of post-operative urinary
extravasation. In this study we found the highest

concentration of inflammatory cells in the one and two-
weeks follow-up groups while the number of inflammatory
cells was considerable decreased in the group with four-
weeks of follow-up, indicating only a relative short period of

Figure 2. (MR). T2-weighted magnetic resonance imaging of the endophytic cryo lesions after one (1a/b), two (2a/b) and four weeks (3a/b) of follow-up. The cryo
lesions are involving the entire renal parenchyma and extending into the renal sinus and collecting system. After four weeks (3a/b) the cryolesions decrease in size
as the fibrotic transformation increases.
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time where the urothelium is affected by an acute inflamma-
tory response following CA. Furthermore, hemorrhage within
the urothelium and underneath the urothelium was seen in
80% of the specimens with one week of follow-up, compared
to only 20% and 30% of the specimens with two and four-
weeks of follow-up, respectively. In general, we found the
changes of urothelium to be more similar to each other in
the one and two weeks-groups, compared to the four
weeks-group where the acute inflammatory response
appeared to be in regression. These findings imply only a
short-term, and non-lethal impact, to the urothelium follow-
ing CA. These findings were supported in a study by Janzen
et al. [14], where the authors found that CA resulted in pres-
ervation of the urothelial architecture in 62% of cases, com-
pared to only 8% in radio frequency ablation (RFA) lesions.
In a study by Brashears et al. [15] the authors found a high
risk of urinary fistulas in RFA procedures. RFA procedures are
heat ablation and therefore not completely comparable to
CA. In the present study, we did also not find signs of urino-
mas or fistulas at any of the three stages of follow-up, sup-
porting the findings by Sung et al. [12] and Janzen
et al. [14].

Gross hematuria was seen perioperatively and up to 24 h
after the procedure in all animals, confirming the involve-
ment of the renal collecting system. This was confirmed by
both the postoperative MRI findings and the macroscopic
examination of the specimens after nephrectomy. In the pre-
sent study, MRI was not performed immediately after, which
might have provided a good opportunity to evaluate the
in vivo extend of the cryolesion. An acute inflammatory
response in the urothelium is generally characterized by
edema, presence of inflammatory cells and hemorrhage. In
the present study, the inflammatory response was found to
peak two weeks after CA. Furthermore, to evaluate the con-
solidation of the cryolesions we systematically measured the
distance from the urothelial lining to the presence of the
fibrotic change in the parenchyma. We observed how there
was no significant difference in the distance between the
one and two weeks of follow-up groups, confirming that the
fibrotic transformation of the cryolesion is limited during this
period. In the four weeks, follow-up group this distance was
significantly higher, supporting the macroscopic findings
where the cryolesions were found to consolidate and retract
from the urothelial lining without permanent damage to
the urothelium.

Advanced surgical technologies and novel techniques are
often evaluated in animal models. However, the pig model
may be a less adequate model for evaluating interventional
impacts in relation to the renal collecting system, especially
with respect to complications. In a study by Souza et al. [16],
it was demonstrated that the pig collecting system regener-
ated after partial nephrectomy without any kind of closure
of the collecting system or internal drainage. The authors
suggest that this might be due to the small and more mus-
cular collecting system found in pigs. Ames et al. [17] sup-
port these findings as no urinomas occurred after partial
nephrectomy without suturing the collecting system, in
eight pigs.

Finally, other studies have suggested that the renal uro-
thelium in pig may exhibit a more rapid regeneration with
fewer tendencies to develop known complication, compared
to human kidneys [16–18].

The present animal model is a non-tumor model and thus
limiting the direct transferability to clinical settings. Also,
only perioperative laparoscopic ultrasound was used to
guide the cryoprobe placement and the monitoring of the
extent of the ice ball, making it difficult to monitor the deep
endophytic margins of the ice ball. The follow-up time being
limited to only one month excludes this study from assessing
any potential long-term sequelae, e.g. strictures, ureteropel-
vic junction obstructions and arteriovenous malformations.

Conclusion

As expected CA effectively destroys the renal parenchyma
while the impacted renal urothelium remains intact and does
not undergo fibrotic changes, indicating that CA is suitable
for treatment of deep endophytic tumors in close relation to
the renal collecting system.

Table 1. Histologic finding.

1 week 2 weeks 4 weeks Total

Intact urothelium, n (%)a

Yes 10 (100) 10 (100) 10 (100) 30 (100)
No 0 0 0 0

Epithelial edema, n (%)a

Much 3 (30) 6 (60) 2 (20) 11 (37)
Little 7 (70) 3 (30) 6 (60) 16 (53)
None 0 1 (10) 2 (20) 3 (10)

Urothelial Dissociation, n (%)b

Yes 5 (63) 3 (33) 5 (50) 13 (48)
No 3 (37) 6 (67) 5 (50) 14 (52)

Parenchyma fibrosis, n (%) b

Much 2 (33) 4 (40) 9 (90) 15 (54)
Little 5 (45) 6 (60) 1 (10) 12 (39)
None 2 (22) 0 0 2 (7)

Liponecrosis, n (%)b

Yes 2 (25) 3 (38) 1 (10) 6 (23)
No 6 (75) 5 (62) 9 (90) 20 (77)

Inflammatory cells, n (%)a

Many 5 (50) 4 (40) 2 (20) 11 (37)
Few 5 (50) 6 (60) 8 (80) 19 (63)

Hemorrhage underneath the urothelium, n (%)a

Yes 8 (80) 5 (50) 2 (20) 15 (50)
No 2 (20) 5 (50) 8 (80) 15 (50)

Hemorrhage in the urothelium, n (%)a

Yes 8 (80) 6 (60) 3 (30) 17 (57)
No 2 (20) 4 (40) 7 (70) 13 (43)

Luminar hemorrhage, n (%)a

Yes 9 (90) 9 (90) 8 (80) 26 (87)
No 1 (10) 1 (10) 2 (20) 4 (13)

HE staineda, MT stainedb.

Table 2. Urothelium measurements.

1 week 2 weeks 4 weeks

Urothelial thickness
Meanvalues, mm 23.4 21.3 26.0

Distance to necrotic tissue�
Meanvalues, mm (IQR) 579.8 (493.8) 443.7 (589.3) 2411.3 (783.3)

�
shortest distance measured from urothel to necrotic tissue.
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