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Abstract

Introduction: Urological dogma dictates that washings collected
from the urinary tract for cytological assessment must be performed
without interference from contrast agents that may alter cellular
integrity and diagnostic interpretation. In practice, the initial con-
trast used to outline the upper tracts is commonly discarded with
subsequent saline washings sent for cytology. We hypothesize that
contrast washings do not affect the morphology of urothelial car-
cinoma cells or the integrity of cytology interpretation.

Methods: Samples obtained from (1) human bladder cell lines; (2)
urine from a human xenograft bladder cancer model using UC-3
cells; and (3) patients with urothelial carcinoma were subjected to
various experimental solutions (water, saline, urine, and dilutions
of contrast media) for different exposure times. After exposure to
various different solutions, samples underwent cytological analysis
to assess morphologic and degenerative changes.

Results: No cytological differences were seen when cells were
exposed to ionic, hyperosmolar, or non-ionic low-osmolar contrast
agents for any exposures up to five minutes. Cells exposed to mix-
tures of contrast agents and urine also demonstrated no evidence of
degenerative change. Cells exposed to water for greater than one
minute demonstrated significant hydropic degeneration impacting
cytological interpretation. At 40 minutes or later, all reagents
caused severe degeneration when evaluating urine samples from
the mouse bladder cancer model and from patients undergoing
urothelial carcinoma.

Conclusions: Commonly used contrast agents have no effect on
urinary cytology up to five minutes. Contrast washings of the uri-
nary tract should not be discarded and can be sent for cytological
diagnosis if fixed within this time period.

Introduction

Upper tract urothelial carcinoma (UTUC) of the renal pelvis
or ureter account for 5% of all urological tumours, with an

increasing frequency over the last decade.'? Early detection
of UTUC with a combination of imaging studies and urinary
cytological assessment has led to a stage migration, changing
five-year survival rates from only 16.5% in distant disease
to 95% in in-situ disease.?

Urine cytology is an important modality for detection,
assessment, and followup of UTUC. Cytology, in conjunc-
tion with cystoscopy and/or ureteroscopy is the gold stan-
dard for evaluation and investigation of upper urinary tract
filling defects. Urine cytology is accurate for the diagnosis
of high-grade UTUC, with specificities as high as 98% and
sensitivities of 79%, with lower sensitivity for low-grade dis-
ease.>* However, many factors have been shown to decrease
the sensitivity and specificity of urinary cytology, including:
low tumour grade, instrumentation, number and methods
of collection, background hematuria and inter-pathologist
variability.*'% The effect of contrast agents has also been
investigated with conflicting results; the current urologi-
cal dogma is to discard contrast washings after retrograde
pyelography and obtain washings in saline to maintain the
diagnostic accuracy of cytology.'" To address this issue, we
designed a study to assess whether commonly used contrast
agents affect cellular morphology or hinder interpretation of
urinary cytology specimens. Specifically, we subjected uri-
nary carcinoma (UC) cell lines, urine from orthotopic murine
UC xenografts, and human urine to multiple experimental
solutions at variable time points, comparing the effect of
contrast media on the cytological interpretation.

Methods

Cell culture

Human urothelial cell lines were obtained from ATCC
(Manassas, VA, U.S.). These included SV-HUC, a benign
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human urothelial cell line, UM-UC-3, a low-grade and RT-4,
a high-grade UC cell line, respectively. Cells were cultured
in MEM (Gibco, Carlsbad, CA, U.S.) supplemented with
L-glutamine (Gibco, Carlsbad, CA, U.S.), non-essential amino
acid solution (Gibco, Carlsbad, CA, U.S.), T mM sodium pyru-
vate (Gibco, Carlsbad, CA, U.S.), and 10% fetal bovine serum
(Gibco, Carlsbad, CA, U.S.) for three days. Cells were then
collected in phosphate-buffered saline (PBS) at a concentra-
tion of 10* cells/mL and subjected to experimentation

Sample treatment design

Each sample (cell lines, mouse urine, and human urine)
was reconstituted into 1 mL of each of seven experimental
solutions. The experimental solutions included: 1) sterile dis-
tilled water (dH,0); 2) 0.9% sterile normosaline solution; 3)
urine; 4) Conray™ (iothalamate meglumine 60%, monobasic
sodium 12.5%, Mallinkckrodt Pharmaceuticals, Chesterfield,
UK) 100%; 5) Conray™ 50%, saline 50%; 6) Ominpaque™
(iohexol 70%, GE Healthcare Ireland, Cork, Ireland) 100%;
and 7) Omnipaque™ 50%, saline 50%.

Each sample was exposed to each of the solutions for four
time points: one, five, 40 min and 24 hours. All exposure
times were done in triplicates. Once exposure was complet-
ed, 1 mL fixative solution (97% methanol, 3% acetone) was
used to preserve the samples and they were stored at 4°C for
further pathological evaluation, including hematoxylin and
eosin (H&E) staining, followed by interpretation. All in-vitro
experiments were performed in triplicate and repeated three
independent times.

UM-UC3 luciferase-expressing cells

For animal studies, the UM-UC3 cells were transduced with
a lentiviral construct carrying the luciferase firefly gene for
further in-vivo imaging; and blasticidin resistance gene for
positive selection achieved with 10 pg/mL blasticidin (Life
Technologies Inc., Burlington, ON, Canada)." In-vitro, lucif-
erase activity was confirmed and cell number was correlated
with bioluminescence (R >0.99) using the Xenogen IVIS
Spectrum (Caliper Lifesciences, Hopkinton, MA, U.S.).

Orthotopic murine xenograft muscle invasive bladder cancer model™

All animal procedures were performed according to the
guidelines of the Canadian Council on Animal Care (CCAC).
The protocol was approved by the University of British
Columbia animal care committee (protocol number A10-
0192). Briefly, five 10-week-old female athymic nude mice
(Harlan Labs, Indianapolis, IN, U.S.) were anesthetized and
UM-UCS3 luciferase firefly-expressing cells were suspended
in Matrigel® (BD Biosciences, Mississauga, ON, Canada) and
injected into the submucosa of the bladder wall via ultra-
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sound guidance® (Fig. TA). Bladder tumours were followed
with serial high-frequency RMV 706 small animal ultrasound
scanhead (Vevo770, Visual Sonics, Toronto, ON, Canada)
and bioluminescence imaging (Xenogen IVIS Spectrum,
Caliper Lifesciences, Hopkinton, MA, U.S.) (R >0.99) (Fig.
1B). Fresh urine was collected, 2—3 weeks post-implantation
of bladder tumours and pooled on ice until subjected to
the same seven experimental solutions as stated above. For
mouse samples, 50 pL of fresh urine was combined with 50
pL of each experimental solution. Samples were fixed with
97% methanol and 3% acetone after the abovementioned
time points and stored at 4°C until pathology evaluation.

Human urine samples

Urine samples were collected from four patients with mus-
cle-invasive bladder cancer undergoing cystectomy and one
patient prior to transurethral resection. All patients had posi-
tive urine cytology showing high-grade urothelial cells prior
to surgery. Urine was subjected to the seven experimental
conditions and time points described above. One mL of
fresh urine was reconstituted in the solutions and volumes
as mentioned above, fixed with the same fixative solution
(97% methanol, 3% acetone), and stored at 4°C until pathol-
ogy evaluation.

(ytology

Each fixed specimen was assessed following H&E staining by
an uropathologist with subspecialty training in cytopathology
(L.F.). The pathologist was blinded to the treatment groups.
Specimens were analyzed for morphology and degenerative
changes, including hydropic degeneration characterized by
cytoplasmic loss or vacuolization and increased cytoplas-
matic granularity. Slides for cytological interpretation were
scored based on the amount of degeneration present. For in-
vitro cell line interpretation, the pathologist also commented
on the ability to differentiate benign cells from cancerous
tumour cells. All slides were imaged using a Leica micro-
scope at 40x magnification.

Results

The three urothelial cell lines (SV-HUC, UM-UC-3, and
RT-4) were exposed to all seven experimental solutions
and analyzed at one, five, 40 minutes, and 24 hours (Fig.
2, Table 1). No morphological changes affecting cyto-
logical interpretation were noted among the urine, saline,
Conray, and Omnipaque (both 50% and 100%) groups at
time points up to five minutes. Only the dH,O group dem-
onstrated severe hydropic degenerative change at all time
points, resulting in the inability to discriminate benign vs.
malignant cells or grade of malignancy (low vs. high). The
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Table 1. Human UC cell lines

Urine Saline Water Conray Omnipaque
Cell line 1 5 40 24 1 5 40 24 5 40 24 1 5 40 24 1 5 40 24
min. h min. h min. h min. h min. h
SV-HUC
uc-3 Intact Degeneration Intact Degeneration HD Intact Degeneration Intact Degeneration
RT-4
Conray/Saline Omnipaque/Saline
. 50:50 50:50
Cell line 1 5 40 24 1 5 40 24
min. h min. h
SV-HUC
uc-3 Intact Degeneration Intact Degeneration
RT-4

Three cell lines representing benign urothelium to aggressive urothelial carcinoma were subject to seven different experimental solutions at four different time points, with results
demonstrated above. Primary outcome is the effect of any experimental solution on cellular morphology and cytopathological integrity. Hydropic degeneration (HD) is characterized by
cellular changes limiting cytology interpretation including vacuolization and loss of cytoplasm. Both benign (SV-HUC) and malignant (UC-3, RT-4) demonstrate similar changes, with intact
cellular morphology permitting adequate cytopathological diagnosis in any experimental solution up to five minutes, except when subject to water, where severe HD is observed. Conray and
Omnipaque, both pure or 50% diluted in saline, do not result in any degenerative changes at up to five minutes prior to fixation. HD: hydropic degeneration; RT-4: high-grade UC cell line; SV-
HUC: benign urothelial cell line; UC: urothelial carcinoma; UC-3: intermediate-grade urothelial carcinoma.

hydropic degeneration was characterized by cytoplasmic
loss or vacuolization and increased cytoplasmic granularity.
Interestingly, our results demonstrated that all cells subjected
to any experimental condition for more than five minutes
also demonstrated cellular degeneration (images not shown
in the panel).

The orthotopic murine xenograft muscle-invasive blad-
der cancer model confirmed these results (Fig. 1, Table 2).
All mice had high-volume UM-UC-3-luc bladder tumours,
as assessed by ultrasound and IVIS, resulting in signifi-
cant background hematuria. All mice urine samples were
exposed to the same conditions as mentioned before, but
assessed at one and five minutes only. This was mostly due
to limitations in sample volume. Results showed that the
exposure to the different conditions did not alter cytologi-
cal assessment, with exception of the water-treated samples
showing degenerative changes (Table 2).

The human samples demonstrated similar results to the
in-vitro and animal study arms. There was no degenerative
change in either contrast media or saline at one and five
minutes. However, at and beyond 40-minute time expo-
sure, degeneration was observed, regardless of the reagent
exposed. Confirming previous experiments, only exposure
to water showed major degenerative changes limiting cyto-
logical assessment, regardless of time point (Fig. 3, Table 3).

Discussion

This study demonstrates that commonly used contrast agents
do not alter urothelial cell morphology at exposures up to
five minutes prior to fixation. Regardless of whether the uro-
thelial cells were washed with contrast or saline, no differ-
ences were observed in cellular morphology or in patholo-
gist ability to correctly differentiate benign from malignant

A

Fig.1. Orthotopic bladder cancer mouse model. (A) Schematic representation
of methods of establishing orthotopic UM-UC-3-luc murine xenograft. Under
ultrasound guidance, a 30 g needle is introduced percutaneously into the
bladder of anesthetized mice and 5x105 cells are injected; (B) Tumours are
followed with serial ultrasound and imaging using the IVIS system, visualizing
and quantifying the luciferase positive UM-UC-3 cells, confirming intravesical
tumour growth.
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Table 2. Orthotopic UC mouse model samples

Urine Saline Water Conray Omnipaque
Bladder cancer 1 5 1 5 1 5 1 5 1 5
mouse model

min min min min min
Urine Intact Intact HD, 80% of cells  HD, 95% of cells Intact Intact

Conray/Saline 50:50 Omnipaque/Saline 50:50
Bladder cancer
1 5 1 5

mouse model

min min
Urine Intact Intact

UC-3 orthotopic mouse xenograft was established and urine collected after establishment of imaging-confirmed bladder tumours. Urine is subjected to the seven experimental solutions with
time points of one and five minutes prior to fixation. Only exposure of urine to water resulted in hydropic degeneration (HD) of the tumour cells, while cellular integrity was maintained in all
other conditions permitting cytological diagnosis. 100% and 50% dilute contrast solutions did not affect cellular morphology.

cytology. Further, exposure times longer than five minutes
resulted in significant cellular degeneration. These results
suggest that contrast media do not confound cytological
interpretation of upper tract washings and do not need to
be discarded as long as fixation occurs within five minutes
following collection. Protocols for optimal fixation of urine
samples to preserve cellular integrity for prolonged periods
use high concentration of either methanol or ethanol.'*'
The effect of contrast media on urinary tract cytology
has been studied previously, but conflicting results on its
effects on cellular integrity has led to the popular practice of
discarding urine samples taken after retrograde pyelography
performed to delineate upper tract anatomy. Concern for
the effect of contrast media on the cellular architecture of
urothelial cells was first described during the 1970s.'%'® This
was followed by the demonstration that low-osmolar, non-
ionic agents may affect morphology less than conventional
high-osmolar agents.'” This notion was reinforced more
recently by Terris in 2003, where exposure of urothelial
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Fig. 2. SV-HUC, UM-UC-3 and RT-4 cell lines exposed to the different
treatments for up to five minutes. dH20: hydropic degeneration in the form

of vacuolization of the cytoplasm, granulation, and total loss of cytoplasm
(arrows showing these changes). Urine: clusters of urothelial cancer cells
have high nuclear-to-cytoplasm ratios, the nuclear border is intact, dense
chromatin pattern is present, no shrinkage, piknosis, vacuolation, naked
nuclei, fragments. Conray and Omnipaque do not show any artifacts or cell
morphology alterations other than appropriate to cancer cells (panel showing
representative images).

cells to ionic, high-osmolar contrast agents reduced viability
and adherence of urothelial cells.?® This has consolidated
the belief that contrast should be limited during retrograde
pyelography due to fear of damaging the cytopathological
specimen and possibly increasing the false negative rate.
Several studies have demonstrated the value of using initial
contrast washings for urinary cytology. A study of 19 patients
by Barry et al was first to demonstrate that routine contrast
media washings, in addition to saline washings, may aid
in detection of malignancy and should, therefore, not be
routinely discarded.?" Importantly, this study paired contrast
and saline washings from each patient; of seven patients
with urothelial malignancy, only three contrast washings
were diagnostic. The remainder required assessment of the
saline washing to confirm malignancy.

In contrast to our results, Andriole et al'® reported a differ-
ence in the influence of ionic and non-ionic contrast agents.
They showed that ionic contrast agents, such as Conray™,
caused a higher rate of cytological artifacts, with increasing
concentration of the contrast agent. Only seven of their 33
patients showed UC cells in cytology. However, the exposure
time (15-60 minutes) was longer than the one used in our
study, which may explain differences with our experiment.

In our study, we manipulated two variables that are
important for the quality of cytological interpretation: the
washing solution and time to fixation. The influence of time
to fixation on quality of cytological interpretation has also
been previously described, suggesting that early fixation of
urine results in better quality of staining.> We noted major
disruption of cellular architecture at time points after five
minutes. We hypothesize that the changes in osmolarity and
pH in combination with the exposure time account for the
observed degeneration.

There are substantial false-negative or false-positive results
associated with ureteral catheterization for collection of
upper tract washings.'® Many factors affect urine cytology and
decrease its sensitivity.*8 Saline washing, brush biopsy through
a retrograde catheter, or ureteroscopy may improve sensitivity
and specificity each to approximately 90%.>?' However, brush
biopsy is associated with higher risk of severe complications.?*
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Fig. 3. Human urine from patients with muscle invasive bladder cancer
undergoing cystectomy or transurethral resection. Urines from four bladder
cancer patients were collected and subjected to all treatments (dH20, saline,
Conray, Omnipaque, and left in urine). Only samples subjected to dH20 show
hydropic degeneration in form of vacuolization of the cytoplasm, granulation,
and total loss of cytoplasm at all-time points (indicated by arrows). However,
at 40-minute time exposure, degeneration was observed, regardless of the
reagent exposed (panel showing representative images).

This study gives the first full methodological approach
of the influence of contrast media on urine cytology. We
demonstrate that using various sources of urothelial can-
cers, including human cell lines, an animal xenograft blad-
der cancer model, and human samples, contrast media is
safe to use for cytology if fixed early. Limitations of this
study include the lack of an objective measure of cellular
change and a single study pathologist. To isolate the effect
of contrast medium from other confounding factors during
upper tract washes, we did not perform actual washes, but
wanted to emphasize on the most standardized approach
possible. However, as water acts as the positive control for
degeneration, it allows for a more sensitive assessment of
degeneration in the contrast arms.

Our study adds to the body of evidence concluding that
initial contrast washings of the urinary tract should not be
discarded and that sloughed cells collected in these wash-
ings can be valuable for cytological interpretation.

Conclusion

Washings of the urinary tract with commonly used contrast
agents does not impair cytopathological analysis of urinary
cytology when fixed within five minutes. Longer exposure
should be avoided due to increasing cell degeneration.
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