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Objective: The quality of histopathological specimens obtained from the upper urinary
tract with conventional flexible ureterorenoscopic biopsy needs to be improved. We
investigated the feasibility and biopsy quality of specimens obtained by cryobiopsy,
compared with standard ureterorenoscopic biopsy techniques in a human ex vivo model.

Materials and Methods: Human ureters obtained from nephrectomy specimens (N=12)
were dissected and canulated with an ureteral access sheath. Ureterorenoscopic biopsies
were randomly obtained from different sites of the renal pelvic caliceal system using
different types of instruments. The performance of two newly developed flexible
cryoprobes with outer diameters of 1.1 mm (CB11) and 0.9 mm (CB09) was compared
with that of the biopsy forceps(FB) and Bigopsy®(BiG) and two different Dormia baskets
N‐Gage (NG) and Zero‐Tip (ZT). We assessed the feasibility of the various biopsy
techniques based on the number of biopsy attempts needed to obtain macroscopically
discernible biopsies. The specimens were examined histopathologically for size, biopsy
quality, presence of various artifact types, and representativeness.

Results: Biopsies taken with the cryoprobes showed a higher biopsy quality than biopsies
taken with the comparative instruments. The CB11 provided significantly larger biopsies
than forceps biopsies and also than biopsies with ZT. The CB09 was able to collect larger
samples when compared with the FB and BiG biopsy forceps. There were no significant
differences in artifact area, except for the CB11 cryoprobe compared with the NG. To clarify
the results a subdivision of larger or smaller than 20% artifact area was performed. A
significant difference was found between CB11 and the forceps biopsies, as well as
between CB11 and NG and ZT in favor of the cryoprobe. The representation of the
histopathological sample was also determined. Biopsies taken with CB11 were more
representative compared with forceps biopsies BiG and FB and basket biopsies NG and ZT.
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Conclusions: In a standardized comparative ex vivo setting, larger biopsies were
obtained by using the cryobiopsy technique with the CB11 probe. Qualitatively,
cryobiopsy specimens were overlaid by fewer artifacts and a higher biopsy quality
was achieved in histopathologic examination compared with standard instrumentation.
Further stepwise development will transfer the promising cryobiopsy technique into the
clinical setting.
Keywords: upper tract urinary cancer, cryobiopsy, biopsy devices, UTUC, new biopsy devices
INTRODUCTION

Upper urinary tract carcinoma (UTUC) is a relatively rare entity,
representing 5-10% of all urothelial carcinomas (1). UTUC has
similar morphology as bladder carcinomas and almost all
UTUCs are urothelial in origin. Surprisingly, UTUCs are much
more frequently invasive compared to urothelial carcinoma of
the urinary bladder at the time of diagnosis (1). Organ-
preserving treatment strategies have been developed for many
other tumor entities and are also available for UTUC under
certain conditions (1). The decision for or against a kidney-
preserving therapy procedure is based on a correct histological
classification of the tumor into low- or high-risk tumor.
Histopathological grading and staging are essential for
determining treatment options and prognoses. Without
biopsies, the diagnosis rate is only 50-60%. With additional
ureterorenoscopic biopsies, the rate is 80-90%. The biopsy
procedure used must allow for a differentiation between these
two groups. The type of biopsy technique influences the
diagnosis. The combination of forceps biopsy and Dormia
basket shows the best biopsy quality to date (1). However,
despite current biopsy instruments and procedures, a
considerable number of biopsies are proven to be too small
and of insufficient diagnostic value due to artifact overlay. This
means that sampling is prone to errors and does not allow a
reliable diagnosis in every case. In a quarter of all cases, adequate
grading cannot be performed because the tissue sample is too
small (1-2mm) or crush artifacts and associated disturbances of
the tissue architecture occur (2). Restaging or regrading after
radical nephroureterectomy is required in approximately one
third of all cases (3). It was reported that biopsies <1mmmay not
allow for reliable diagnosis (4). The quality of the preparation
depends on the type of biopsy forceps used. Novel frontloading
biopsy forceps are superior to the classic backloading ones,
especially for flat or sessile lesions (5). To overcome these
limitations, the arsenal of biopsy instruments is expanded to
include the “Dormia baskets”. For papillary lesions, basket
biopsy is particularly suitable (5).

There is a trend toward understaging; for example, 45% of
tumors initially classified as Ta have to be graded to pT1 or higher
postoperatively. Some tumor entities, such as carcinoma in situ,
almost completely escape diagnoses. Thus, histopathologic
diagnosis needs much improvement (6).

Improving the diagnostic accuracy is currently subject to several
research projects. For this purpose, non-invasive diagnostic
techniques such as narrowband imaging, optical coherence
2

tomography, confocal laser microscopy or photodynamic
diagnostics have been investigated. These technologies improve
the optical detection of tumor tissue and allow an in-situ
assessment of tumor tissue. However, this does not affect the
biopsy quality itself.

The cryoprobe itself is already used in other medical fields, such
as in the ablation of tumors or in the treatment of atrial fibrillation
(7, 8). Cryotechnology has been successfully and diagnostically
used on humans in pulmonology for transbronchial lung
biopsies in suspected interstitial lung diseases (9). Larger, higher
quality samples with fewer complications can be obtained from
human tissue (10–12). The sample size depends on the type of
tissue, the probe diameter, the application time and the contact
pressure (13). In addition, despite the freezing process, molecular
markers can be retained in the tissue, which indicates that the tissue
integrity remains intact (14). Ureterorenoscopic cryobiopsy could
decisively improve the quality of the histopathological biopsate
obtained, thus making a significant contribution to organ
preservation in UTUC.

We have previously shown that cryobiopsy is feasible in the
upper urinary tract of porcine kidneys. In this animal study,
larger samples with a low artifact load have been successfully
obtained (15). In addition, compared to the other biopsy devices,
the cryoprobe did not produce crush artifacts and consistently
yielded pathologically assessable samples. There are no data in
the literature on the use of cryobiopsy in the human upper
urinary tract. In order to evaluate the feasibility and value of
cryobiopsy in this field, the use of the cryoprobe was performed
in an ex vivo experiment on the human urinary tract.
MATERIALS AND METHODS

Study Design and Patient Selection
The study had a controlled, prospective, single-blinded,
monocentric design. Patients for whom removal of the kidney
was indicated for various reasons were enrolled in the study.
Patients with renal tumors and patients with high-risk UTUC
requiring nephrectomy were included. To determine the
feasibility of cryobiopsy, the sample volume, and the artifact
area, we also included patients with chronic kidney disease and
clinically non-functioning kidneys (e.g., chronic pyelonephritis
or shrunken kidney) that needed to be removed for appropriate
indications, such as hypertension, chronic urinary tract infection,
or recurrent pain. In total, N=12 patients were enrolled in
the study.
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Patients with florid local renal inflammation, systemic
inflammation in the context of sepsis or acute renal trauma
who required emergency nephrectomies and transplant kidneys
were excluded because the pathomorphological changes
expected in these patients could have confounded the results.
In addition, patients under 18 years of age, pregnant patients and
patients unable to give their own consent were excluded. This
study was approved by the local ethic review board.

Cryoprobe
Two disposable types of cryoprobes (Erbe Elektromedizin
GmbH, Germany) were used in this study: one with an outer
diameter of 1.1 mm (CB11), which is already available on the
market, and one prototype of a new cryoprobe with an outer
diameter of 0.9 mm (CB09). The cryoprobes are connected to a
standard carbon dioxide gas pressure cylinder via the control
unit, the ERBEKRYO2 device (Erbe Elektromedizin GmbH,
Germany), which are inserted in retrograde into the
ureterorenoscope. Activation and activity duration, and thus
ice ball formation at the cryoprobe tip, can be determined via
a foot pedal connected to the control unit.

The principle of the cryoprobe is based on the Joule-Thomson
effect, which describes a temperature reduction through the
sudden decompression of a gas (here CO2). The probe itself
consists of an outer tube, an inner lumen and an outer lumen. In
the inner lumen, the compressed gas flows at a pressure of
approximately 55 bar to the tip of the probe, where an abrupt
decompression of the gas occurs resulting in the cooling of the
metal probe tip. The gas flows through the outer lumen back to
the control unit and is released to the room.

The metal tip is brought into contact with the tissue to be
biopsied. The activated metal tip of the cryoprobe cools the
tissue. Very fine ice crystals form initially, and on further
activation, an ice ball encloses the tissue undergoing biopsy.
The ice crystals cause the tissue to adhere to the metal surface of
the probe, so that the sample adheres to the metal tip by adhesion
and can be released from the tissue dressing with a jerk of
the probe.

Two factors determine the sample size: first, the probe contact
pressure, which can be determined manually by the surgeon.
Second, which is the most influencing factor that can be set on
the control unit, is the freezing duration.

To obtain optimal biopsy sizes, it is important that the ice ball
surrounding the tissue is not too large, so that the ice ball’s
adhesion to the tissue is weaker than to the probe; otherwise, this
would cause the ice ball to detach from the probe tip. In addition,
the sample must be large enough to allow for histopathological
evaluation. We have determined these parameters to be optimal
at a sampling time of 7 seconds for both cryoprobes. In this case,
cell morphology is preserved despite the freezing process and the
sampling can reliably succeed.

The timer of the ERBEKRYO device starts as soon as the
pedal is pressed and can be read on a connected display or can be
detected acoustically. With the cryoprobe, biopsies can be taken
both tangentially or frontally. After the specified activation time,
the probe and endoscope are pulled out as a unit with a jerk
movement through the ureteral access sheath, as the sample
Frontiers in Oncology | www.frontiersin.org 3
adhering to the probe is too large to fit through the working
channel of the endoscope. After the extraction process is
complete, the cryoprobe is deactivated and the ice ball forms
back. The biopsy detaches from the metal tip and can be
preserved in a formalin-containing container for pathology.

Ex Vivo Model Human Nephrectomy
Specimen
The nephrectomy specimen was harvested. One specimen was a
nonfunctional hydronephrotic kidney, seven kidneys had been
removed for locally advanced renal cell carcinoma, and four
kidneys had been removed for upper tract urothelial carcinoma.
The ureter was dissected, dilated and a ureteral access sheath
(Navigator®, 13/15 Ch, 28cm, (Boston Scientific, Marlborough,
Massachusetts, US) was inserted and fixed. In order to create an
optimal basis for comparison, we always used a brand-new
disposable flexible ureterorenoscope LithoVue® (Boston
Scientific, Marlborough, Massachusetts, US). The biopsies were
performed under 0,9% saline irrigation with the different devices
in a randomized order. The experimental setup is shown in
Figure 1. The following biopsy instruments were used: two
different disposable cryoprobes with outer diameters of 1.1 mm
(CB11) and 0.9 mm (CB09) (Erbe Elektromedizin, Tuebingen,
Germany), reusable biopsy forceps (FB) for flexible ureteroscopy
(No. 829.601, Richard Wolf GmbH, Knittlingen, Germany), and
a frontloading disposable biopsy forceps for the upper urinary
tract (BIGopsy® No. BLB-024115, Cook Medical, Bloomington,
IN, US). Additionally, two different tipless Dormia baskets were
used: a front grasping N-Gage® basket (No. NGE-022115, 2.2F
Cook Medial, Bloomington, IN, US) (NG) and a side grasping
Dormia basket: Zero-Tip® (No. 390105; UPN M0063901050,
Boston Scientific, Marlborough, Massachusetts, US) (ZT)
(Figure 2). This corresponds with the standard instruments
for biopsies in the upper urinary tract. For data processing, a
study ID was determined for each patient and recorded in
an Excel spreadsheet in CRF format, which ensured the
pseudonymization of the patients. Only when the data were
complete and representative were they entered into the study
database. A histopathological examination was performed using
a standard microscope (Axio Vision LE REL 4.4; Carl Zeiss
Microimaging, Göttingen, Germany). Up to three biopsies were
obtained with each probe. The number of biopsy attempts and
potential biopsies obtained per instrument, per kidney in all
twelve kidney specimens examined are shown in Table 1.

We assessed whether it was generally possible to obtain a
biopsy with the different devices, regardless of the quality or
quantity of the biopsy. “Yes” meant that a macroscopically
identifiable sample could be obtained within 3 attempts and
hence feasible, “no” meant that a sample could not be obtained.
This was assessed immediately after each biopsy.

The biopsy reliability was determined by the number of times
a biopsy had to be performed before a sample was successfully
obtained. The number was recorded. The tissue sample was
considered “not obtained” if macroscopic tissue could not be
obtained, even on the third attempt. Subsequently, whether a
sample could already be successfully obtained was analyzed
during the first biopsy attempt.
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Histopathologic Evaluation
All obtained biopsy specimens were fixed in 4.5% neutral buffered
formalin, processed into paraffin blocks, and stained with
hematoxylin and eosin. Subsequently, the samples were analyzed
by the reference pathologist (TB) using a predefined histology score
for the following parameters: Total area of the specimen in mm2,
biopsy quality score, percentage of artifact area and presence of
squeeze artifacts.Thebiopsyareawasdeterminedbasedon the length
and width of the sample. There is already a scheme for assessing
quality from pneumology (13, 16), which has been adapted in more
detail for urology (15). The histopathologic quality score is evaluated
using an ordinal scale and was also assessed by an experienced
pathologist (TB). The artifact area was defined by the area fraction of
the artifacts in relation to the cross-sectional area of the sample. A
specimenwas considered representative if,first, itwas large enough to
perform a histopathologic examination, second, it had an artifact
score of 0-1, and third, if the quality was rated at least at 2.

Statistical Analyses
Statistical analysis of the samples was performed using IBM SPSS
Statistics version 27 for Windows (released 2020, Armonk, NY,
IBM Corp.). The chi-square test was used to test whether two
categorically distributed variables were statistically different. We
used this test to determine whether the biopsy was successful in the
first attempt and to examine whether it was possible to obtain
Frontiers in Oncology | www.frontiersin.org 4
samples at all. We also used it to calculate whether the specimens
differed significantly in their artifact area, by dividing them into
specimens with an artifact area greater than 20% and also less than
20%. The chi-square test was used to test representativeness for
statistical significance. A one-way analysis of variance (ANOVA)
with Welch correction was used for unpaired data from the
Gaussian distribution with unequal standard deviation, with a
Dunnett multiple comparison correction for multiple
comparisons as post hoc analysis. This was used to compare the
cross-sectional area of the samples. The Kruskal-Wallis H test was
used to test rank-based nonparametric values between two ormore
groups of independent variables. In this case, our post-hoc
nonparametric test was the Dunn multiple comparison test. We
used these tests to examine the percent artifact area and biopsy
score. Descriptive statistics were reported using standard deviation
and mean, or median and range for nonparametric distribution.
Rank correlation was calculated using the Spearman rank
correlation coefficient. Plots were presented using the mean ± the
standard error of the mean.
RESULTS

No difference was found between CB11 and CB09 when directly
compared in any of the factors examined. The analysis focused
FIGURE 1 | Experimental setup and procedure. 1: Experiment setup-surgeon performing a endoscopic biopsy under irrigation with sodium chloride solution utilising
a digital ureterorenoscope. 2: Kidney specimen with attached ureter cannulated with an access sheath. 3: Endoscopic visualization of cryoprobe (CB11) in the renal
pelvicocaliceal system almost in contact with the tissue, shortly before activation. 4: Ureteroscope (RS) after biopsy with the cryoprobe (CB11) with ice ball (IB)
adhering to the tip of the cryoprobe and a biopsy specimen (B) enclosed within. 5: Container for the biopsy specimen. The formalin solution cotains a
macroscopically visible cryobiopsy specimen.
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on the performance of the cryoprobes in comparison to the other
devices. Table 2 shows the summary of the results for the
different factors.

Biopsies were obtained with each instrument. The cutoff was
set at 3 biopsy attempts. A total of 175 histologically evaluable
biopsies were obtained from 266 biopsy attempts (Table 2).
Forceps biopsies were superior to the other techniques, with the
BiG being superior to all other instruments tested in terms of
biopsy collection feasibility. 36/36 biopsies (Bx) were taken with
the BiG (100%) and 31/36Bx with the FB (88%). Both cryoprobes
were slightly less effective. 29/36 Bx (80.6%) were retrieved with
the CB09 and 30/36 Bx (83%) with the CB11. The least efficient
technique was the Dormia basket biopsy. 23/36 (63%) of biopsies
were obtained with the NG Dormia basket and 26/36 (72%) with
the ZT (Figure 3).

At 66.7%, the BiG was the most efficient device for obtaining a
biopsy in the first bite, followed immediately by the two
cryoprobes. Both CB09 and CB11 proved to be almost as
efficient as the BiG, with 63.9% biopsies in the first attempt.
The FB took the first bite in half of the cases (50%), while the
Dormia baskets NG (33.3%) and ZT (36.1%) proved to be less
efficient than forceps biopsies. (Figure 4)

The average area of the biopsies obtained with the cryoprobes
CB11 and CB09 yielded the largest samples with 14.5 mm2 and
12.7 mm2, respectively. The basket biopsies were also of sufficient
size, at NG 9.5 mm2 and 6.7 mm2. Relatively little tissue could be
obtained with forceps biopsies: BiG 4.3 mm2 and FB 1.4 mm2. The
CB11 yielded significantly larger biopsies than the FB (p<0.005),
the BiG (p<0.005) and the Dormia basket ZT (p=0.037). The CB09
collected significantly larger samples compared to the FB
(p<0.005) and the BiG (p<0.005) (Figure 5).

Consequently, the quality of CB11 and CB09 were superior to
all other devices in terms of biopsy quality (Figure 6).

The average area of the biopsy specimen overlaid with
artifacts was determined. Interestingly, the pronounced artifact
overlays were seen in the biopsies obtained with the Dormia
baskets ZT (33%) and NG basket (48%). This was followed by the
forceps biopsies FB (28%) and BiG (24%) and the least artifact
overlays were obtained from the cryo-tissue sample CB11 (11%)
and CB09 (19%). Due to a wide distribution of measured values,
there were no significant differences between the cryoprobes and
TABLE 1 | Possible numbers of biopsy attempts and possible biopsies to be obtained per instrument, per kidney, for all twelve kidney specimens examined including
the trial results.

Parameter Minimum Maximum

Possible number of attempts
per device per kidney 3 9
using all six devices per kidney 3*6 = 18 9*6 = 54
in N=12 kidneys 3*6*12 = 216 9*6*12 = 658
Possible number of biopsies
per device per kidney 0 3
using all six devices per kidney 0 3*6 = 18
in N=12 kidneys 0 3*6*12 = 216
Trial results (N=12 kidneys, 6 devices)
Number of attempts performed 266
Number of biopsies obtained 175
February 2022 | Volume 12 | A
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FIGURE 2 | Overview of the instruments used and exemplary representation of
the histological specimen (HE strain, 20x magnification) obtained. (A, B)
cryoprobe with outer diameters of 1.1 mm and 0.9 mm (Erbe Elektromedizin,
Tuebingen, Germany). (CB11) & (CB09) (C) frontloading disposable biopsy
forceps for the upper urinary tract (BIGopsy No. BLB-024115, Cook Medical,
Bloomington, IN, US). (BiG) (D) reusable biopsy forceps for flexible ureteroscopy
(No. 829.601, Richard Wolf GmbH, Knittlingen, Germany). (FB) (E) tipless front
grasping Dormia basket N-Gage (No. NGE-022115, 2.2F Cook Medial,
Bloomington, IN, US). (NG) (F) tipless side grasping Dormia basket: Zero-Tip
(No. 390105; UPN M0063901050, Boston Scientific, Marlborough,
Massachusetts, US). (ZT).
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TABLE 2 | Comparison of the parameters: feasibility, reliability, mean biopsy area, mean artifact area, artifact scores, pathology score and representativeness score of
the different devices.

Feasibility in 3
attempts in %

Reliability biopsy on first
attempt in %

Mean biopsy
areaIn mm2(SD)

Mean artifact
area in %

Artifact score
0-1 in %

Artifact score
2-3 in %

Patho score
mean AU

Rep score
In %

CB11 83 63.9 14.5 (±9.7) 11 89.7 10.3 4.9 89.7
CB09 80.6 63.9 12.7 (±6.0) 19 77.8 22.2 4.7 77.8
BiG 100 66.7 4.3 (±5.8) 24 69.3 30.7 3.2 80.6
FB 88 50 1.4 (±2.1) 28 65.2 34.8 3.6 60.9
NG 63 33.3 9.5 (±11.6) 48 53.3 46.7 3.3 53.3
ZT 72 36.1 6.7 (±7.9) 33 59.1 40.9 2.9 54.5
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FIGURE 3 | Number of biopsy attempts per biopsy device (A) and number of sample already received in the first biopsy attempt (B). P values in B determined via
chi-square test (n.s. = not significant). Samples were collected using the different biopsy devices (disposable biopsy forceps BIGopsy®, standard biopsy forceps,
Dormia basket Cook-N-Gage and Dormia basket Zero-Tip-x-axis).
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FIGURE 5 | The biopsy size of the paraffine in mm2. P-values via Welch ANOVA for variance inhomogeneity with Dunn's multiple comparison of means. ANOVA,
analysis of variance, Graph: median ± 95% confidence interval (n.s. = not significant). In (A) cryoprobe 1.1 mm vs. other deviced (disposable biopsy forceps
BIGopsy®, standard biopsy forceps, Dormia basket Cook-N-Gage and Dormia basket Zero-Tip- x-axis. In (B) cryoprobe 0.9mm vs other devices.

A B

FIGURE 6 | Biopsy score in A.U (arbitrary unit). P values were collected via rank based nonparametric Kruskall-Wallis test, post hoc test via Dunn’s multiple
comparison of means. Graph: mean ± standard error of the mean (1x). In (A) cryoprobe 1.1mm vs other devices (disposable biopsy forceps BIGopsy®, standard
biopsy forceps, Dormia basket Cook-N-Gage and Dormia basket Zero-Tip-x-axis). In (B) cryoprobe 0.9mm vs other devices.

Klein et al. Upper Urinary Tract Cryobiopsy
the other devices, with the exception of the CB11 compared to
the Dormia basket NG (Figure 7).

A subgroup analysis was performed to identify the differences
more clearly. In the subgroup analysis, the artifact area was
categorized as less than (artifact score 0 & 1) and larger than 20%
(artifact score 2 & 3). Tissue was the least altered by the
cryoprobe removal, resulting in a low artifact score (0–1).
CB11 (89.7%) and CB09 (77.8%) preserved tissue best with a
A B

FIGURE 7 | The artifact area within the paraffine section in mm2. P-values via Welch AN
analysis of variance, Graph: means ± standard error of the mean (1x) (n.s. = not significan
standard biopsy forceps, Dormia basket Cook-N-Gage and Dormia basket Zero-Tip- x-ax

Frontiers in Oncology | www.frontiersin.org 7
low artifact score. Forceps biopsies with FB (65.2%) and BiG
(69.3) showed inferior tissue preservation. Biopsy with the
Dormia basket was the most overshadowed by higher grade
artifacts, but was still able to achieve an artifact score of 0-1 in >
50% of cases: NG (53.3%) and ZT (59.1%). The statistical
analyses showed that a significant difference was observed
between the CB11 and the BiG (p=0.049), the FB (p=0.032),
and the NG (p=0.006) and ZT Dormia baskets (p=0.011) in favor
OVA for variance inhomogeneity with Dunn's multiple comparison of means.ANOVA,
t). In (A) cryoprobe 1.1 mm vs. other deviced (disposable biopsy forceps BIGopsy®,
is. In (B) cryoprobe 0.9mm vs other devices.
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of the CB11. This trend was also observed for CB09, but the
values were not statistically better (Figures 8 and 9).

Taken together, the CB11 achieved the best results compared
to the other instruments with representative tissue samples in
90% of cases. The superior quality of samples obtained with the
CB11 proved statistically significant compared to the BiG
(p=0.049), FB (p=0.014), NG (p=0.006) and ZT (p=0.004). The
CB09 with 78% representative samples did not prove to be more
representative than all the other devices used (Figure 10).
DISCUSSION

Preliminary studies in the ex vivo porcine model using CB11
showed that the ureterorenoscopic cryobiopsy of the upper
urinary tract is feasible (15). In our ex vivo study of human
tissue, cryobiopsy also proved feasibility and reliability
comparable to forceps biopsy (BiG, FB), and was more reliable
as a Dormia basket biopsy (NG, ZT). The flat lesions and scarless
tumor-free tissues were also biopsied in the study, which explains
the comparatively poor performance of the baskets, which are
normally very effective for exophytic lesions.

A distinct advantage of cryoprobe biopsy is that flat lesions can
be biopsied due to the possibility to contact the tissue tangentially
and the size of the biopsy can be controlled by the activation time of
the probe. In addition, the lack of forceps blades and the cold
exposure of the tissue results in fewer squeezing artifacts and better
preservation of the different tissue layers (15). For a successful
biopsy an optimal tissue sample under ideal freedom of movement
and perfect visibility is desirable.
FIGURE 8 | Percent artifact scores per category were determined by dividing the nu
biopsies were previously assigned to an artifact score category.The devices were liste
BIGopsy®, standard biopsy forceps, Oormia basket Cook N-Gage and Oonnia bask
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The handling of cryoprobe-guided biopsy is relatively simple for
the experienced endourologist. The probe is inserted in retrograde
through the instrument channel. The tip of the probe is blunt
enough not to damage the inside of the endoscope. The tip of the
probe is clearly visible in the image and, in contrast to BiG, only
obscures a fraction of the endoscopic monitor image compared to
the FB, evenmore with the 0.9 mm cryoprobe prototype. Although
there was nearly no difference between the two cryoprobes, the
0.9 mm probe was slightly more bendable and showed a better
irrigation flow rate compared to the 1.1 mm (data not shown),
which can be explained by the small outer diameter (15).

One disadvantage is, that the probe must be passed through
an access sheath; there is debate as to whether this is a potential
risk to the patient from a tumor biology perspective. However,
the cryoprobe must always be taken together with the endoscope.
Particularly in the case of biopsy in the lower calyx groupwith a steep
calyxneck angle, a tissue enclosed ice ballmaybe shearedoff the tip of
the cryoprobe by the edge of the access sheath when the instrument
is withdrawn. Theoretically, in these cases a secondary removal of
the specimen using a dormia basket should be technically feasible.

The therapeutic spectrum of UTUC is diverse and associated
with different risks and long-term consequences for the patient,
depending on the method chosen. A purely visual ureteroscopic
decision would misclassify 30% of tumors (17). Biopsy can
increase the diagnostic rate to as high as 90% (18), but in
biopsies taken with conventional biopsy techniques, only one
in four specimens collected is diagnostic (19). If diagnosis is not
possible due to incorrect biopsies, reinterventions are likely to
occur with the renewed risk for patients of bleeding, ureteral
perforation, tumor spillage or urinary tract infections. If the
mber of biopsies per artifact score category by the number of total biopsies. All
d on the x-axis:cryoprobe 1.1mm, cryoprobe 0.9mm,disposable biopsy forceps
et Zero-Tip.
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FIGURE 9 | The relevant number of biopsies on the total biopsies falling into artifact score category 0 or 1 [score in A.U.(arbitrary unit)] were compared among each
other. In (A) cryoprobe 1.1 mm vs.other devices (disposable biopsy forceps BIGopsy®, standard biopsy forceps, Dormia basket Cook N-Gage and Dormla basket
Zero-Tip-x-axis). In (B) cryoprobe 0.9mm vs.other devices. P values were determined by chi-square test (n.s. = not significant).

A B

FIGURE 10 | The proportion of representative samples in the total biopsy number. Representative = sufficient size + artifact score category 0/1+ biopsy score 2 6.
In (A) cryoprobe1.1 mm vs. other devices (disposable biopsy forceps BIGopsy®, standard biopsy forceps, Dormia basket Cook-N-Gage and Dormia basket Zero-
Tip-x-axis). In (B) cryoprobe 0.9 mm vs other devices. P value-s were determined by chi-square test (n.s. = not significant).
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primary diagnosis is incorrect, necessary radical surgical therapy
is delayed with a potentially worse outcome for the patient.

For low-risk carcinomas, kidney-preserving endoscopic
interventions are the method of choice (20). However, correct
staging is crucial (21). Rojas et al. demonstrated that 57% of
biopsies were classified as understaged, which may lead to
erroneous renal preservation procedures despite invasive tumors
(22). A high proportion of biopsies still cannot be utilized. Al-
Qahtani et al. listed 10 of 40 biopsies as too small and not evaluable.
Tavor et al. also showed 25% non-evaluable biopsies, and in a study
by Breda et al., 66 of 302 (21.8%) biopsies were not evaluable (6, 18,
19). Cryobiopsy with a high level of representativeness could be an
alternative to reduce the error rate.

A key advantage of the cryoprobe is the ability for the surgeon
to adjust the sample size by the activation time, and the contact
pressure of the probe on the tissue (13, 23). This gives the
surgeon, in contrast to all previous biopsy techniques, the
possibility to control the biopsy size.

The question arises whether a larger sample volume actually
affects histopathological assessment, and in this regard, the
literature contains inconsistent results.
Frontiers in Oncology | www.frontiersin.org 9
The concordance between the biopsy grading and the final
histopathologic diagnosis on the explanted organ ranges from
67% to 93% (22, 24–27). Compared with 5.9/2.4F biopsy forceps,
a Dormia basket, and standard 3.6/3F biopsy forceps, Lama et al.
concluded that the size and quality of the specimen had no effect
on grading (28). This was determined in a retrospective setting
comparing specimens from 145 patients with subsequent
nephrectomies. Rojas et al. also demonstrated that biopsy
volume did not affect grading in 54 patients. Nevertheless, they
showed that biopsy-based staging in particular has great
potential for improvement (22). Consistently, Tavora et al.
reported that in cases where a definitive diagnosis could not be
made by experts, this was mainly due to biopsy size, cell
architecture, and squeeze artifacts in 21.05% of the specimens
(19). Williams et al. showed that larger tissue specimens are
better able to demonstrate the architecture of the lesion, which
seems particularly important in the diagnosis of low-grade
tumors, which tend to have fewer memorable cytologic
features than high-grade UTUCs (27).

Correct staging is often not possible, which, in turn, can
complicate treatment decisions. Rojas et al., in a study of 51
February 2022 | Volume 12 | Article 810367
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patients, showed that correct staging was present in only 43% of
patients (22). Brown et al. attempted to draw conclusions about
staging from bioptic grading. They calculated positive predictive
values for staging in the different grading groups. Patients with G3
UTUC had pT3 or higher tumors in 43% of the cases. Patients with
high-grade biopsies had pT2 UTUCs in 66% of the cases. In
contrast, 72% of patients with low-grade biopsies had a final
histologic staging of less than pT2 (29). This was confirmed by
another studywith aPPVof 60% for high-gradebiopsies (24). Brien
et al. showed that of 74 patients with high-grade biopsies, 62%had a
T2 tumor on the final histopathologic evaluation, and 68% with
low-grade biopsies were actually classified as maximum T1 (30).

Overall, the trend is toward undergrading and understaging.
In a direct comparison between biopsy and subsequent
nephroureterectomy, tumors had to be upstaged in a study by
Margolin et al. (31). For Guarnizo et al., in 10 of the 22 cases
(45%) from pTa, pT1+ was elevated (range pT1 to pT3) (25).
Smith et al. also had to upgrade 24 (43%) of their patients from
low-grade, non-invasive to high-grade invasive (32).

Since staging is composed of tumor infiltration depth, among
other factors, it is reasonable to assume that incorrect stagingoccurs
because the surgeon tends to perform biopsies too shallowly, rather
than too deeply, to avoid perforation and bleeding, particularly in
the ureter. Stewart et al. suggest that the tunica muscularis in the
upper urinary tract is more likely to be completely infiltrated
because it has a very thin layer (33). However, a pTa tumor
entails different therapy than a pT1+ tumor (34). Given these
findings, it is clearly advantageous to use the instrument for the
biopsy that provides the best quality and size of the tissue sample.
Whether the cryoprobe also produces an improvement in staging
needs to be investigated in further studies. For example, by using
the cryoprobe in addition to the standard 3F biopsy forceps in the
study by Guarnizo et al. and then comparing the results (25).

A recent meta-analysis by Nowak et al. evaluated the risk of
developingabladder tumorafterureterorenoscopic biopsyhasbeen
performed. An association was shown between biopsied and non-
biopsy patients. The group of biopsied patients showed a higher
incidence rate of tumors in the urinary bladder. Seeding offloating
tumor cells may occur but the exact mechanisms for this have not
been determined. The study collectives were too different for this.
The application of various techniques, such as the use of a ureteral
sheath as protection against recurrence in the urinary bladder, also
showed no improvement (35). The extent to which cryobiopsy can
circumvent this phenomenon is not yet clear. In contrast to other
biopsy techniques, in cryobiopsy the biopsy specimen is tightly
enclosed by the ice ball and cell spreading may thus be reduced.
However, this still needs to be investigated in further studies.

Our study has some limitations. The number of samples and trials
requiredwascalculated inapoweranalysisbefore the start of the study
and was determined with N=12 samples. However, a higher number
of trials would increase the statistical power. The primary endpoint of
the studywas the feasibilityof cryobiopsyofhumanurothelial tissue in
the upper urinary tract and that endpoint was met. Not all
nephrectomy specimens contained tumor tissue, so statistical power
is limited. However, urothelial tumor tissue is more fragile compared
to normal urothelium, so this effect can be considered marginal. Flat
Frontiers in Oncology | www.frontiersin.org 10
lesionsandfibrous tissueswere included in thestudy.This explains the
reduced specimen size using the Dormia baskets. A questionnaire
about the handling of the different probes would have been beneficial
for evaluating the handling of the different instruments.
CONCLUSIONS

Cryobiopsy on human urothelial tissue of the upper urinary tract
is feasible. This includes urothelium, fibrous und tumor tissue.
Significantly larger and higher quality samples compared to the
standard armamentarium of upper tract biopsies could be
obtained using both cryoprobes CB11. The cross-sectional area
of the biopsy after the microscopy of the paraffin sections in mm²
was significantly increased, compared with conventional biopsy
methods. Furthermore, fewer squeezing artifacts were observed.
Overall, our results indicated that cryoprobes, especially the CB11,
can help improve diagnostics and therapy decision-making in
UTUC. In vivo studies need to confirm the advantages of
cryobiopsy in a clinical setting.
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European Association of Urology Guidelines on Upper Urinary Tract
Urothelial Carcinoma: 2020 Update. Eur Urol (2021) 79(1):62–79. doi:
10.1016/j.eururo.2020.05.042

2. Tavora F, Fajardo DA, Lee TK, Lotan T, Miller JS, Miyamoto H, et al. Small
Endoscopic Biopsies of the Ureter and Renal Pelvis: Pathologic Pitfalls. Am J
Surg Pathol (2009) 33:1540–6. doi: 10.1097/PAS.0b013e3181aec42a

3. Smith AK, Stephenson AJ, Lane BR, Larson BT, Thomas AA, Gong MC, et al.
Inadequacy of Biopsy for Diagnosis of Upper Tract Urothelial Carcinoma:
Implications for Conservative Management. Urology (2011) 78:82–6. doi:
10.1016/j.urology.2011.02.038

4. Margolin EJ, Matulay JT, Li G, Meng X, Chao B, Vijay V, et al. Discordance
Between Ureteroscopic Biopsy and Final Pathology for Upper Tract Urothelial
Carcinoma. J Urol (2018) 199:1440–5. doi: 10.1016/j.juro.2018.02.002

5. Breda A, Territo A, Sanguedolce F, Basile G, Subiela JD, Reyes HV, et al.
Comparison of Biopsy Devices in Upper Tract Urothelial Carcinoma.World J
Urol (2018) 37:1899–905. doi: 10.1007/s00345-018-2586-y

6. Clements T, Messer JC, Terrell JD, Herman MP, Ng CK, Scherr DS, et al.
High-Grade Ureteroscopic Biopsy is Associated With Advanced Pathology of
Upper-Tract Urothelial Carcinoma Tumors at Definitive Surgical Resection.
J Endourol (2012) 26:398–402. doi: 10.1089/end.2011.0426

7. Akkaya E, Berkowitsch A, Zaltsberg S, Greiss H, Hamm CW, Sperzel J, et al.
Second-Generation Cryoballoon Ablation for Treatment of Persistent Atrial
Fibrillation: Three-Year Outcome and Predictors of Recurrence After a Single
Procedure. J Cardiovasc Electrophysiol (2018) 29:38–45. doi: 10.1111/jce.13372

8. He XZ, Wang QF, Han S, Wang HQ, Ye YY, Zhu ZY, et al. Cryo-Ablation
Improves Anti-Tumor Immunity Through Recovering Tumor Educated
Dendritic Cells in Tumor-Draining Lymph Nodes. Drug Des Devel Ther
(2015) 9:1449–58. doi: 10.2147/DDDT.S76592

9. Montufar F, Moral LD, Labarca G, Folch E, Majid A, Fernandez-Bussy S.
Transbronchial Cryobiopsies and Cryotherapy in Lung Diseases. Rev Med
Chil (2018) 146:1033–40. doi: 10.4067/s0034-98872018000901033

10. Babiak A, Hetzel J, Krishna G, Fritz P, Moeller P, Balli T, et al. Transbronchial
Cryobiopsy: A New Tool for Lung Biopsies. Respiration (2009) 78:203–8. doi:
10.1159/000203987

11. Fruchter O, Fridel L, Rosengarten D, Raviv Y, Rosanov V, Kramer M R.
Transbronchial Cryo-Biopsy in Lung Transplantation Patients: First Report.
Respirology (2013) 18:669–73. doi: 10.1111/resp.12037

12. Hetzel J, Eberhardt R, Herth FJF, Petermann C, Reichle G, Freitag L, et al.
Cryobiopsy Increases the Diagnostic Yield of Endobronchial Biopsy: A
Multicentre Trial. Eur Respir J (2012) 39:685–90. doi: 10.1183/
09031936.00033011

13. Franke KJ, Linzenbold W, Nuessle D, Enderle M, Boesmueller H, Nilius G,
et al. A New Tool for Transbronchial Cryobiopsies in the Lung: An
Experimental Feasibility Ex Vivo Study. Respiration (2016) 91:228–34. doi:
10.1159/000443990

14. Hetzel J, Hetzel M, Hasel C, Moeller P, Babiak A. Old Meets Modern: The Use
of Traditional Cryoprobes in the Age of Molecular Biology. Respiration (2008)
76:193–7. doi: 10.1159/000135934

15. Klein JT, Berger F, Linzenbold W, Jager L, Enderle MD, Bosmuller H, et al.
Cryobiopsy in the Upper Urinary Tract: Preclinical Evaluation of a Novel
Device. Urology (2019) 123:273–9. doi: 10.1016/j.urology.2018.10.003

16. Yarmus LB, Semaan RW, Arias SA, Feller-Kopman D, Ortiz R, Bosmuller H,
et al. A Randomized Controlled Trial of a Novel Sheath Cryoprobe for
Bronchoscopic Lung Biopsy in a Porcine Model. Chest (2016) 150:329–36.
doi: 10.1016/j.chest.2016.01.018

17. El-Hakim A, Weiss GH, Lee BR, Smith A D. Correlation of Ureteroscopic
Appearance With Histologic Grade of Upper Tract Transitional Cell
Carcinoma. Urology (2004) 63:647–50. doi: 10.1016/j.urology.2003.10.076

18. Al-Qahtani SM, Legraverend D, Gil-Diez de Medina S, Sibony M, Traxer O.
Can We Improve the Biopsy Quality of Upper Urinary Tract Urothelial
Tumors? Single-Center Preliminary Results of a New Biopsy Forceps. Urol Int
(2014) 93:34–7. doi: 10.1159/000354875

19. Tavora F, Fajardo DA, Lee TK, Lotan T, Miller JS, Miyamoto H, et al. Small
Endoscopic Biopsies of the Ureter and Renal Pelvis: Pathologic Pitfalls.
Am.J.Surg.Pathol (2009) 33:1540–6. doi: 10.1097/PAS.0b013e3181aec42a
Frontiers in Oncology | www.frontiersin.org 11
20. Raman JD. Kidney Sparing Surgery for Upper-Tract Urothelial Carcinoma.
Minerva. Urol Nefrol (2016) 68:359–71.

21. Roupret M, Xylinas E, Colin P, Houede N, Comperat E, Audenet F, et al. French
ccAFU Guidelines - Update 2018-2020: Upper Tract Urothelial Carcinoma.
Prog Urol (2018) 28(Suppl 1):R34–47. doi: 10.1016/j.purol.2018.07.284

22. Rojas CP, Castle SM, Llanos CA, Santos Cortes JA, Bird V, Rodriguez S, et al.
Low Biopsy Volume in Ureteroscopy Does Not Affect Tumor Biopsy Grading
in Upper Tract Urothelial Carcinoma. Urol Oncol (2013) 31:1696–700. doi:
10.1016/j.urolonc.2012.05.010

23. Jabari H, Sami R, Fakhri M, Kiani A. Different Protocols for Cryobiopsy
Versus Forceps Biopsy in Diagnosis of Patients With Endobronchial Tumors.
Pneumologia (2012) 61:230–3.

24. Clements T, Messer JC, Terrell JD, Herman MP, Ng CK, Scherr DS, et al.
High-Grade Ureteroscopic Biopsy is Associated With Advanced Pathology of
Upper-Tract Urothelial Carcinoma Tumors at Definitive Surgical Resection.
J Endourol (2012) 26:398–402. doi: 10.1089/end.2011.0426

25. Guarnizo E, Pavlovich CP, Seiba M, Carlson DL, Vaughan ED, Sosa R E.
Ureteroscopic Biopsy of Upper Tract Urothelial Carcinoma: Improved
Diagnostic Accuracy and Histopathological Considerations Using a Multi-
Biopsy Approach. J Urol (2000) 163:52–5. doi: 10.1016/S0022-5347(05)67970-0

26. Keeley FX, Kulp DA, Bibbo M, McCue PA, Bagley D H. Diagnostic Accuracy
of Ureteroscopic Biopsy in Upper Tract Transitional Cell Carcinoma. J Urol
(1997) 157:33–7. doi: 10.1016/S0022-5347(01)65273-X

27. Williams SK, Denton KJ, Minervini A, Oxley J, Khastigir J, Timoney AG, et al.
Correlation of Upper-Tract Cytology, Retrograde Pyelography, Ureteroscopic
Appearance, and Ureteroscopic Biopsy With Histologic Examination of
Upper-Tract Transitional Cell Carcinoma. J Endourol (2008) 22:71–6. doi:
10.1089/end.2007.9853

28. Lama DJ, Safiullah S, Patel RM, Lee TK, Balani JP, Zhang L, et al.
Multi-Institutional Evaluation of Upper Urinary Tract Biopsy Using
Backloaded Cup Biopsy Forceps, a Nitinol Basket, and Standard Cup Biopsy
Forceps. Urology (2018) 117:89–94. doi: 10.1016/j.urology.2018.03.040

29. Brown GA, Matin SF, Busby JE, Dinney CP, Grossman HB, Pettaway CA,
et al. Ability of Clinical Grade to Predict Final Pathologic Stage in Upper
Urinary Tract Transitional Cell Carcinoma: Implications for Therapy. Urology
(2007) 70:252–6. doi: 10.1016/j.urology.2007.03.051

30. Brien JC, Shariat SF, Herman MP, Ng CK, Scherr DS, Scoll B, et al.
Preoperative Hydronephrosis, Ureteroscopic Biopsy Grade and Urinary
Cytology Can Improve Prediction of Advanced Upper Tract Urothelial
Carcinoma. J Urol (2010) 184:69–73. doi: 10.1016/j.juro.2010.03.030

31. Margolin EJ, Matulay JT, Li G, Meng X, Chao B, Vijay V, et al. Discordance
Between Ureteroscopic Biopsy and Final Pathology for Upper Tract Urothelial
Carcinoma. J Urol (2018) 199:1440–5. doi: 10.1016/j.juro.2018.02.002

32. Smith AK, Stephenson AJ, Lane BR, Larson BT, Thomas AA, Gong MC, et al.
Inadequacy of Biopsy for Diagnosis of Upper Tract Urothelial Carcinoma:
Implications for Conservative Management. Urology (2011) 78:82–6. doi:
10.1016/j.urology.2011.02.038

33. Stewart GD, Bariol SV, Grigor KM, Tolley DA, McNeill S A. A Comparison of the
Pathology of Transitional Cell Carcinoma of the Bladder andUpper Urinary Tract.
BJU Int (2005) 95:791–3. doi: 10.1111/j.1464-410X.2005.05402.x

34. Freifeld Y, Krabbe LM, Clinton TN, Woldu SL, Margulis V. Therapeutic
Strategies for Upper Tract Urothelial Carcinoma. Expert Rev Anticancer Ther
(2018) 18:765–74. doi: 10.1080/14737140.2018.1481395
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