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Cryobiopsy in the Upper Urinary Tract:

Preclinical Evaluation of a Novel
Device
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OBJECTIVE To develop a novel device for cryobiopsy of the upper urinary tract (UUT) and to evaluate its fea-
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sibility in a standardized preclinical setting.

MATERIALS AND
METHODS
Flexible cryoprobes (diameter 0.9 mm; cooling agent CO2) were developed and used to extract
biopsies in porcine UUTs. Cryosamples obtained by ureterorenoscopy were systematically com-
pared with biopsy specimens obtained with standard of care devices in terms of physical character-
istics (deflection angle and irrigation flow rates) and histologic criteria (assessability).
RESULTS
 Irrigation flow rates were significantly higher with introduced BIGopsy (2.8 § 0.1) compared with
standard forceps (0.94 § 0.06; P < .001) and cryoprobe (1.1 § 0.1; P < .001). Angular deflection
was significantly reduced by the inserted cryoprobe (130.7° § 1.2° vs 166.9° § 1.1° [BIGopsy] or
161.4° § 1.9° [standard forceps]; both P < .001). Significantly larger UUT tissue samples were
obtained by the cryoprobe (mean specimen area 7.5 § 2.5 vs 4.6 § 2.5 mm2 [BIGopsy] or 1.4 § 1.4
mm2 [standard forceps]; both P < .001). No crush artifacts were observed in cryosamples. Superior
histologic assessability scores were achieved in samples obtained by the cryoprobe (mean 2.8 § 0.8)
and BIGopsy (2.3§ 1.9) when compared with standard forceps (0.4§ 0.9; P < .001).
CONCLUSION
 Cryobiopsy in the UUT is feasible and represents a viable new option to improve the diagnostic
accuracy of histopathologic evaluation. Larger and more representative tissue samples
can be obtained using a cryoprobe and artifacts may be avoided. Further optimization of the probe
will reduce possible restrictions of ureterorenoscopy handling when the device is inserted.
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Ureterorenoscopic (URS) biopsy is the mainstay
in the diagnostic evaluation of suspicious lesions
in the upper urinary tract (UUT).1 The quality

of extracted tissue samples is crucial for adequate histo-
pathologic work-up and clinical decision-making, particu-
larly in patients harboring upper tract urothelial
carcinoma (UTUC). Despite technical advantages with
flexible URS and the use of modern imaging, the accuracy
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of UUT biopsy is poor due to significant technical limita-
tions of the procedure and the frequent occurrence of cau-
tery and crushing artifacts in tissue samples acquired with
available devices.2-4 Biopsy samples are frequently small
and tissue compression or denudation can complicate or
preclude diagnostic evaluation in a significant proportion
of patients, resulting in high numbers of grading and stag-
ing errors, with both upgrading and upstaging observed in
up to 38% of patients undergoing radical nephroureterec-
tomy (RNU).1,4-7 A recent study found that almost 50%
of biopsies obtained from patients considered for pure
endoscopic treatment of UTUC were nondiagnostic.8

Consequently, endoscopic reinterventions with repeat
biopsies are frequently required. Moreover, the charac-
terization of flat lesions in the UUT, including carci-
noma in situ, remains a significant challenge in patient
care, especially when tangential biopsies in the ureter
are needed.6 Moreover, a significant proportion of candi-
dates for nephron-sparing approaches may be overtreated
by RNU,9-11 as proper selection of low-risk patients in
whom renal preservation may be oncologically safe
requires accurate assessment of the stage of UTUC
lesions.
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Development of new forcipes has not successfully resolved
issues with compression artifacts or biopsy size.2,3 The use of
cryoprobes with consecutive tissue extraction may overcome
these problems. Cryobiopsy has been demonstrated to yield
larger tissue specimens and higher quality samples in preclin-
ical studies and clinical trials in lung cancer.12-14

The objective of the present study was to develop a
minimized cryoprobe for use in URS. We assessed the fea-
sibility of cryoextraction of tissue samples in porcine
UUTs using a standardized setting. The future potential
for clinical implementation to improve the diagnostic
accuracy of the biopsy procedure was evaluated.
MATERIALS AND METHODS
The study was performed in an ex vivo setting. In accordance
with the federal animal protection law, there was no need for an
approval of the governmental review board. Specifically, the study
was performed in porcine kidneys explanted from cadavers.
CRYOBIOPSY DEVICE
New flexible cryoprobes were developed (Erbe Elektrome-
dizin GmbH) and minimized to a diameter of 0.9 mm in
order to fit into the working channel of flexible URS
while maintaining angulation (Fig. 1A,B). The probe was
connected to the ERBECRYO2 device (Erbe Elektrome-
dizin GmbH), which allowed foot pedal activation of the
probe. After activation, pressurized cooling agent (CO2)
is immediately applied through the central channel of the
cryoprobe. When the gas reaches the tip of the probe, it
expands due to a sudden decrease in pressure (Joule-
Thomson effect), causing a temperature drop and subse-
quent freezing of the surrounding tissue. The size of the
biopsy can be regulated by the activation time12; there-
fore, activation has to be maintained by keeping the foot
pedal pressed until a desired cooling time has elapsed.
For the biopsy procedure, the cryoprobe was inserted

into the working channel of the scope until the tip of the
cryoprobe was visible. The tip of the probe was then
placed either vertically or horizontally on the target tissue,
Figure 1. (A) Retrograde pyelograms in a standardized porcine U
URS (Storz 11278 VK/VUK (Flex-XC) with different inserted devic
new mini-cryoprobe with a tube diameter of 0.9 mm (a) and freez
0.9 mm (c), and the BIGopsy forceps with a tube diameter of 0.8
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depending on the position of the target, without pressure.
Immediately after the predefined activation time of 10
seconds had elapsed, the biopsy sample was retrieved with
a quick jerk, thereby retracting the scope together with
the cryoprobe. Activation of the cryo unit was maintained
until the biopsy and the scope were entirely outside the
lumen to avoid loss of the specimen by defrosting of the
probe and specimen.
EX VIVO MODEL

The standardized ex vivo setting using a porcine UUT
model was previously described.3 Devices were tested in a
standard flexible digital URS (Storz 11278 VK/VUK
(Flex-XC). Briefly, the URS was introduced into the por-
cine UUT and connected to the SCB Image 1 HD Hub
camera control unit (Storz Image 1 Hub 22201020).
Images were displayed on a HD-Monitor. A 3-l irrigation
solution bag was positioned 50 cm above the level of the
table with continuous irrigation. Biopsies from the UUT
were obtained from the renal pelvis under direct vision.
The back loading BIGopsy device (115CM; 2.4 Fr.; IN)
and a standard forceps (Richard Wolf; 829.601; 3 Fr.;
Knittlingen, Germany) were used as reference standards.
INSTRUMENTS AND MEASUREMENTS
All experiments were performed by an experienced
endourologist (JTK). Initially, active deflection (angle)
and irrigation flow rates (mL/min) were repeatedly
measured with different biopsy devices inserted into
the same scope (frequently used; Flex-XC), as described
previously.3 Measurements of active deflection with
inserted cryoprobe were repeatedly performed in 3 dif-
ferent additional scopes with different degrees of wear
and tear (new single use device; PUSEN PU3022
[Zhuhai Pusen Medical Technology Co., Ltd., Tangjia-
wan Town, Zhuhai, Guangdong, PRC]; Olympus
URF-V [less frequently used; Olympus Europa SE &
Co. KG, Hamburg, Germany] and Wolf Boa Vision
UT model, showing intrapelvic positions of the flexible digital
es (standard forceps a-d; cryoprobe e-h). (B) Overview of the
ing activation (b), a standard forceps with a tube diameter of
mm (d); (scaling in mm). (Color version available online.)
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[frequently used; R. Wolf GmbH, Knittlingen, Ger-
many]). To retrieve tissue samples, the different biopsy
devices were individually inserted into the scope and
introduced into the UUT. Up to 12 biopsies were
taken from 3 different positions of the calices (upper,
middle, and lower if possible) with each device. The
order of instruments within the experiment and the
site of biopsy per instrument were randomly assigned.
The biopsies were directly processed for pathologic
examination.
PATHOLOGIC EVALUATION
All biopsy specimens were fixed in 4.5% neutral buff-
ered formalin, processed into paraffin blocks, and
stained with Hematoxylin and Eosin for evaluation of
total sample area (mm2), percent of artifact-free tissue,
and presence of crush artifacts. All samples were
assessed by 1 reference pathologist (H.B.) using prede-
fined histologic criteria, as previously described.15,16

The pathologist was blinded to the biopsy method.
Evaluation focused on sample size, general quality, the
presence of crushing artifacts, and infiltration depth of
the biopsy sample, using a standard microscope (Axio
Vision LE REL 4.4; Carl Zeiss Microimaging,
G€ottingen, Germany). Specimens were declared repre-
sentative if (1) the sample area was large enough for
analysis, (2) characteristic tissue was present, (3)
crushing artifacts were limited, and (4) the histologic
assessability achieved a score of 2 or greater (Table 1).
STATISTICAL ANALYSES
All data were analyzed using GraphPad 6 (GraphPad Soft-
ware Inc.). Continuous variables were presented as means
and standard deviations or median. The chi-square test
was used when comparing proportions. One-way analysis
of variance or nonparametric testing (Kruskal-Wallis test
with post hoc multiple comparison) was used where
appropriate to evaluate differences between the groups.
Table 1. Histologic assessment score, defining the quality grad
tologic features (according to scoring method previously describ
quality specimens, which are unsuitable for potential diagnos
allowing for “feasible” to “unrestricted” histologic evaluation. S
scores 0, 2, 4, and 6

Score
0 Due to very poor specimen q

relevant morphologic and
1
2 Due to poor specimen quali

structures and features is
3
4 Despite moderate limitation

morphologic and histopat
5
6 The specimen allows for com

morphologic and histopat
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Pairwise comparison between groups was performed using
Dunn’s Test for nonparametric data. P values < .05 were
considered significant.
RESULTS
All renal calices were reached by flexible URS with inserted for-
ceps (Fig. 1A; a-d); however, the lower medial calyx was difficult
to scope with the cryoprobe due to limited deflection (Fig. 1e-h).
When the cryoprobe was bent before insertion into the scope,
lower parts could be more easily reached. Irrigation flow rates
were highest with BIGopsy (2.8 § 0.1 mL) and significantly
lower flow rates were found with the standard forceps (0.94 §
0.06 mL) or cryoprobe (1.1 § 0.1 mL) inserted (both
P < .001), with no significant difference between the latter
devices (P = .443; Fig. 2A). The degree of angular deflection var-
ied between cryoprobe, BIGopsy, and standard forceps when the
Flex-XC scope was used (Fig. 2B). The cryoprobe (130.7° §
1.2°) caused higher impairment of the deflection angle of the
scope when compared with the BIGopsy (166.9° § 1.1°; P <
.001) and the standard forceps (161.4° § 1.9°; P < .001).
Angular deflection of the BIGopsy forceps was superior to the
standard forceps (P = .002). The deflection angles of the cryo-
probe inserted into the Wolf Boa Vision (158.0° § 0.7°; P =
.029), Olympus URF-V (172.7° § 4.9°; P = .016), or PUSEN
PU3022 (146.1° § 1.1°; P = .029) were higher than the
Flex-XC.

Biopsy samples were obtained during each procedure. The
mean specimen area obtained by the cryoprobe was 7.5 § 2.5
mm2, significantly larger compared with 4.6 § 2.5 mm2 for the
BIGopsy forceps (P < .001) and 1.4 § 1.4 mm2 for the
standard forceps (P < .001; Figs. 2C, 3A-C). There was also a
significant difference between the BIGopsy and standard forceps
(P < .001).

Histologic assessability mean score was 0.4 § 0.9 for the stan-
dard forceps, significantly less than the 2.8 § 0.8 for cryoprobe
samples (P = .0002) and 2.3 § 1.9 for BIGopsy (P = .001;
Fig. 2D). There was no statistically significant difference
between the scores of the cryoprobe and the BIGopsy (P = .903;
Fig. 2D). Figure 3 illustrates representative and nonrepresenta-
tive (in case of forceps use) samples obtained with each instru-
ment. No significant artifacts were observed in cryosamples, and
according to further evaluation criteria (type of tissue,
area, histologic assessability) all cryosamples were considered
ations of the specimens with regard to morphologic and his-
ed in references 14 and 15). Scores 0 and 1 represent poor
is. Scores 2-6 range from acceptable to excellent quality,
cores 1, 3, and 5 are fine gradations between the denoted

Quality Denotation
uality, it is not possible to assess the
histopathologic features

ty, assessment of relevant morphologic and histopathologic
severely compromised but possible

s in specimen quality, assessment of the relevant
hologic structures and features is possible

plete and unrestricted assessment of all relevant
hologic structures and features
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Figure 2. Irrigation flow rates (A) and active deflection angles (B) measured with inserted biopsy devices (cryoprobe,
BIGopsy, and standard forceps) into the same scope (Storz). Measurements of active deflection with inserted cryoprobe
were additionally performed in 3 different scopes with different degrees of wear and tear (Cryoprobe [O]: Olympus, Cryoprobe
[W]: Wolf, and Cryoprobe [P]: PUSEN). Mean sample area (C) and histologic assessability scores (D) of the specimens
obtained by the different biopsy devices. Specimens obtained by the cryoprobe were significantly larger and of higher quality
compared with the forceps.
representative for complete histopathologic evaluation. A signif-
icantly lower proportion of representative samples was found in
biopsies obtained by BIGopsy (50%, P = .014; Fig. 3B,E) and
standard forceps (8%, P < .0001; Fig. 3C and F), while no statis-
tically significant difference was detected between BIGopsy and
standard forceps (P = .069).
DISCUSSION

Obtaining representative tissue samples from the UUT by
URS biopsy represents a major challenge. Biopsy samples
are often insufficient in size and tissue quality, precluding
valid pathologic evaluation and limiting diagnostic accu-
racy with regard to stage and grade.1,4-6,8,17-19 In a series
of patients who underwent RNU, pathologic upstaging
occurred in up to 45% of tumors preoperatively classified
as stage pTa.20 In particular, flat UUT lesions are difficult
276
to biopsy.6 This may lead to a failure to diagnose UUT,
including carcinoma in situ.6,8 Some of the limitations of
most currently available biopsy devices are inherent to
the small working channel size of URS; however, conven-
tional biopsy forcipes additionally induce compression
artifacts of samples. In a recent comparative study, Lama
et al compared the results of UUT biopsies obtained by 3
different devices (BIGopsy, standard forceps, and a nitinol
basket).7 The specimen size and quality obtained by the
basket and BIGopsy device were significantly better when
compared with the standard forceps. However, the overall
grade concordance of UTUC biopsy with surgical speci-
mens was still limited to 77%.

To address this clinical need and to avoid the need for
repeat biopsies, we developed and tested a novel biopsy
method using cryoextraction of UUT urothelial tissue in
a standardized preclinical setting. We have demonstrated
UROLOGY 123, 2019



Figure 3. H&E-stained sections of representative biopsies obtained with a cryoprobe (A), a BIGopsy forceps (B), or with a
standard forceps (C). While all specimens obtained with the cryoprobe were representative, only 50% of the BIGopsy and 8%
of the specimens obtained by standard forceps were rated “representative.” Biopsies taken with cryoprobes were signifi-
cantly more representative (D) compared with the forceps biopsies. Nonrepresentative samples are illustrated for the
BIGopsy (E) and standard forceps (F). (Color version available online.)
for the first time that cryobiopsy via URS is feasible and
offers high potential for use in the UUT. Histologic eval-
uation revealed that significantly larger tissue samples
were obtained by the cryoprobe, with all samples consid-
ered representative for adequate histopathologic evalua-
tion without crushing artifacts. The device allows for
frontloading, with inherent advantages for use in standard
flexible URS procedures. Moreover, the method is suit-
able for obtaining tangential biopsies of suspicious flat
lesions in the ureter.
Different biopsy forcipes are commercially available and

have been systematically evaluated in terms of irrigation
flow, deflection, and field of view.2,3,7,21-23 The Cook
BIGopsy best retained flow rates and deflection but
needed backloading and restricted the field of view.3

Another study found that the BIGopsy was more likely to
obtain adequate tissue for diagnostic evaluation than
other devices.21 Kramer et al recently presented a newer
generation biopsy forceps, “EF-120-00-3F,” which is reus-
able and has a rotating tip activated when grasping tissue.2

Functional properties and usability for histopathologic
evaluation in humans showed improved tissue quality and
better tumor staging. No significant tissue artifacts were
observed; however, the ability to evaluate deep layer
involvement and invasive growth was still limited to 80%
and 75%, respectively.
Cryobiopsy offers the potential for improved staging

and evaluation of tumor invasion depth. The depth of
freezing can be controlled by freezing time and allows for
acquisition of sufficient tissue in different layers and even
from suspicious flat lesions.12 The tissue architecture and
UROLOGY 123, 2019
different layers generally can be preserved during the
freezing procedure with no compression artifacts. How-
ever, cryoartifacts may occur and the pathologist must
know how to distinguish cryoartifacts from malignant
lesions when evaluating the specimens. Casoni et al
reported characteristic cryoartifacts in tissue samples
obtained with cryoprobes from patients with fibrotic inter-
stitial lung diseases, but the artifacts did not significantly
interfere with pathologists’ interpretations.24 In agree-
ment with previous studies, no significant tissue damage
induced by the freezing process was observed in the pres-
ent study.

Whereas flow rates with cryoprobe were comparable to
conventional forceps, 1 potential limitation of the cryo-
probe is a reduction of the deflection angle of the URS.
Although the cryoprobe prototype was optimized toward
more flexion than other cryoprobes available on the mar-
ket, further optimization of the probe may be necessary to
achieve deflection angles similar to standard equipment.
Theoretically, further minimization of the outer diameter
of the probe may reduce restrictions of URS handling
when the device is inserted into the scope. However,
since significant forces are applied to the probe during
extraction, further miniaturization is challenging. Also,
the lumen for gas flow decreases with smaller diameters,
reducing the cooling capacity, and smaller probes would
lead to smaller specimens.12

The strong dependency of deflection on the wear and
tear of the URS device represents further challenges for
clinical application. The specimens in our study were
extracted with a frequently used flexible scope (Flex-XC),
277



which was probably used more often than would be
required for routine URS needs and therefore must be
considered as the worst-case scenario. As hypothesized,
higher deflection angles were achieved with scopes that
were newer or had lower degrees of wear and tear.
Although this was not systematically evaluated, there
seem to be differences in the deflection depending on the
system used (fiber optic vs chip on the tip) and the manu-
facturer. Multiple cryobiopsy samples were taken with the
different scopes in the present study and we did not
observe any damage or significant signs of wear and tear
during the procedure. Since it cannot be stipulated what
URS to use in conjunction with cryobiopsy, the use of a
more flexible probe may be advantageous and should be
considered for further investigation.
During the freezing process of the tissue on the tip of

the cryoprobe, the chip or the optical fibers of the scope
are at risk of damage, which can be avoided if the probe is
activated only if the isolation covering of the probe is visi-
ble. Given the relatively large sample size of cryobiopsies,
a retraction of the cryoprobe into the working channel of
the URS would cause loss of the specimen, so retraction
of the complete instrument together with the cryoprobe
as 1 unit is necessary. To guarantee the adherence of the
specimen to the tip of the cryoprobe, the probe is acti-
vated during the whole extraction process. An access
sheath allows the surgeon to retract the specimen without
damaging the mucosa of the ureter, and may facilitate tis-
sue acquisition in some patients.25,26

Any new technology potentially results in additional
costs. Several reports on the cost of cryobiopsy for lung
diseases suggested that this procedure may be cost-effec-
tive compared with open or video-assisted surgical biopsy
and would become self-financing within 6 months of
introduction.27-29 It is too early to speculate about the
costs of cryobiopsy in the UUT at this stage of develop-
ment. The costs of biopsies in the UUT depend on the
devices (reusable vs single-use) and the technique used as
well as on pricing policies.30 However, the authors expect
that cryobiopsy in the UUT will be cost-effective, given
that re-interventions are frequently required after conven-
tional biopsy because of diagnostic failure. Moreover, it is
increasingly recommended to combine forceps biopsy
with nitinol baskets for UUT biopsy7, further increasing
the costs of conventional biopsy.
Our study is limited by its ex vivo setting and use of

porcine kidneys. The results can therefore not directly be
translated into clinical practice. Potential bleeding com-
plications induced by the cryoprobe will need to be
assessed, potentially with ex vivo perfusion. The kidney
model was not pathologic and therefore we were unable
to evaluate a “diagnostic yield” of cryobiopsies. However,
we focused on the quality of cryospecimens using stan-
dardized semi-quantitative scores that have been previ-
ously applied,15,16 and porcine renal tissue provided well-
defined histologic landmarks such as glomeruli, collection
tubes, and renal vasculature, allowing us to assess level of
preservation of structures. In summary, we focused on the
278
feasibility of obtaining cryobiopsies from UUT tissue via
URS, and aimed to provide preliminary proof-of principle
data on this method.
CONCLUSION

To our knowledge, this is the first systematic report on
cryobiopsy during ureterorenoscopy. Cryobiopsy in the
UUT is feasible and represents a viable new option to
improve the diagnostic accuracy of histopathologic evalu-
ation. Larger and more representative tissue samples can
be obtained by using a cryoprobe, while concurrently
avoiding crush artifacts. Further optimization of the probe
will reduce possible restrictions of URS handling when
the device is inserted. Clinical trials should further shape
the applicability of cryobiopsy techniques for UUT
lesions.
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