UCSF

UC San Francisco Previously Published Works

Title

Feasibility of Antegrade Contrast-enhanced US Nephrostograms to Evaluate Ureteral
Patency.

Permalink

https://escholarship.org/uc/item/3d9062¢]

Journal
Radiology, 283(1)

ISSN
0033-8419

Authors

Chi, Thomas
Usawachintachit, Manint
Mongan, John

Publication Date
2017-04-01

DOI
10.1148/radiol.2016160959

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3d9062cj
https://escholarship.org/uc/item/3d9062cj#author
https://escholarship.org
http://www.cdlib.org/

Radiology

This copy is for personal use only. To order printed copies, contact reprints@rsna.org |

Feasibility of Antegrade
Contrast-enhanced US
Nephrostograms to Evaluate
Ureteral Patency’

Thomas Chi, MD

Manint Usawachintachit, MD ATLES
John Mongan, MD, PhD
Maureen P. Kohi, MD
Andrew Taylor, MD, PhD
Priyanka Jha, MD Materials and
Helena C. Chang, MD Methods:
Marshall Stoller, MD
Ruth Goldstein, MD
Stefanie Weinstein, MD
Results:
Conclusion:

"From the Departments of Urology (T.C., M.U., H.C.C., M.S.)
and Radiology and Biomedical Imaging (J.M., M.PK.,A.T.,
PJ., R.G., S.W.), University of California, San Francisco.

505 Parnassus Ave, M-391, San Francisco, CA 94143; and
Division of Urology, Faculty of Medicine, King Chulalong-
korn Memorial Hospital, Chulalongkorn University, The Thai
Red Cross Society, Bangkok, Thailand (M.U.). Received April
25, 2016; revision requested June 17; revision received
July 4; accepted August 2; final version accepted August
11. Address correspondence to S.W. (e-mail: Stefanie.
Weinstein@ucsf.edu).

Supported by the National Institutes of Health (grants NIH
R21-DK-109433 and NIH NIDDK K12-DK-07-006: Multi-
disciplinary K12 Urologic Research Career Development
Program.

T.C. and M.U. contributed equally to this work.

©RSNA, 2016

To demonstrate the feasibility of contrast material-en-
hanced ulrasonographic (US) nephrostograms to assess
ureteral patency after percutaneous nephrolithotomy
(PCNL) in this proof-of-concept study.

For this HIPAA-compliant, institutional review board-ap-
proved prospective blinded pilot study, patients undergo-
ing PCNL provided consent to undergo contrast-enhanced
US and fluoroscopic nephrostograms on postoperative
day 1. For contrast-enhanced US, 1.5 mL of Optison (GE
Healthcare, Oslo, Norway) microbubble contrast agent
solution (perflutren protein-type A microspheres) was in-
jected via the nephrostomy tube. Unobstructed antegrade
ureteral flow was defined by the presence of contrast ma-
terial in the bladder. Contrast-enhanced US results were
compared against those of fluoroscopic nephrostograms
for concordance.

Ten studies were performed in nine patients (four women,
five men). Contrast-enhanced US demonstrated ureteral
patency in eight studies and obstruction in two. One pa-
tient underwent two studies, one showing obstruction
and the second showing patency. Concordance between
US and fluoroscopic assessments of ureteral patency was
evaluated by using a Clopper-Pearson exact binomial test.
These results were perfectly concordant with fluoroscopic
nephrostogram results, with a 95% confidence interval of
69.2% and 100%. No complications or adverse events re-
lated to contrast-enhanced US occurred.

Contrast-enhanced US nephrostograms are simple to per-
form and are capable of demonstrating both patency and
obstruction of the ureter. The perfect concordance with
fluoroscopic results across 10 studies demonstrated here
is not sufficient to establish diagnostic accuracy of this
technique, but motivates further, larger scale investiga-
tion. If subsequent larger studies confirm these prelimi-
nary results, contrast-enhanced US may provide a safer,
more convenient way to evaluate ureteral patency than
fluoroscopy.

©RSNA, 2016

Online supplemental material is available for this article.
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Itrasonography (US) is a power-

ful, portable imaging modality

free of the risks of ionizing radia-
tion and has a wide variety of diagnostic
applications. However, conventional US
has been found inadequate for evaluat-
ing ureteral patency even when used to
assess urine jets at the ureteral orifices
(1). The addition of microbubble US
contrast agents to conventional US has
substantially expanded the repertoire
of US, enabling more sensitive and spe-
cific diagnosis by facilitating dynamic
real-time assessment of the vascularity
in visceral organs, with excellent spatial
and contrast resolution (2). The excel-
lent safety profile of US microbubble
contrast agents is equal or superior
to that of computed tomography (CT)
or magnetic resonance (MR) contrast
agents with regard to serious adverse
events (3). Although contrast material-
enhanced (CE) US has been in wide-
spread clinical use for decades outside
of the United States (2), we found no
report of it being used to assess ante-
grade ureteral patency.

Since the microbubbles used as US
contrast agents remain within the vas-
cular system and are not excreted into
the collecting system, evaluation of ure-
teral patency with CE US requires the
contrast agent to be instilled directly
into the renal collecting system. An
important population of such patients
are those who undergo percutaneous
nephrolithotomy (PCNL) for treatment
of kidney stones (4). PCNL is the stan-
dard treatment for renal stones larger
than 2 cm (5). A fluoroscopic neph-
rostogram, the imaging reference stan-
dard to assess ureteral patency, is of-
ten performed the day following PCNL
through an indwelling nephrostomy

Advances in Knowledge

B Use of microbubble contrast
agents instilled through a neph-
rostomy tube enables evaluation
of ureteral patency with US.

B Ten contrast-enhanced US neph-
rostograms in nine patients dem-
onstrated 100% concordance
with fluoroscopic
nephrostograms.

tube to inform the decision to remove
the nephrostomy tube (6). Radiation
dose reduction is of particular interest
in patients with nephrolithiasis because
they already have elevated radiation ex-
posure related to diagnostic and intra-
procedural imaging (7).

The purpose of this proof-of-con-
cept study is to demonstrate the feasi-
bility of CE US nephrostogram to assess
ureteral patency after PCNL.

Materials and Methods

Study Design

This study was compliant with Health
Insurance Portability and Accountabil-
ity Act and approved by the institutional
review board. Adult patients undergo-
ing PCNL at our medical center were
recruited for participation in this pro-
spective study from September 2015
through October 2015. Patients were
excluded if they declined informed
consent or had contraindication to
intravascular US contrast agents (8)
(even though this study did not involve
intravascular use of contrast agents).
Additionally, patients were excluded if
fluoroscopic dose was not available or
if staff was not available to perform the
US study (eg, weekends). At our insti-
tution, fluoroscopic nephrostograms
and conventional US are performed as
part of routine clinical care in all pa-
tients following PCNL; however, the CE
US portion of the examination was per-
formed as research.

All study subjects underwent PCNL
and had a Foley bladder catheter as
well as either a 10-F Cope loop catheter
(Cook Medical, Bloomington, Indiana)
or a 16-F Foley catheter (Bard Medical,
Covington, Georgia) percutaneous neph-
rostomy tube left in place after the proce-
dure. The nephrostomy tube was capped

Implication for Patient Care

B [f large-scale trials confirm diag-
nostic accuracy, contrast-
enhanced US nephrostograms
will allow for evaluation of ure-
teral patency without exposing
patients to ionizing radiation.

on the morning of postoperative day laf-
ter PCNL as part of normal clinical prac-
tice. On postoperative day 1, both CE US
and fluoroscopic nephrostograms were
performed within 2 hours of each other.
In anticipation of CE US, the bladder
drainage catheter was clamped 2 hours
prior to scanning to achieve a mildly dis-
tended urinary bladder for better visu-
alization of the US microbubble contrast
agent. In four of the 10 studies, the CE
US portion was performed prior to fluo-
roscopic nephrostogram. In the six other
studies, the fluoroscopic nephrostogram
was performed prior to CE US.

For CE US studies, the initial con-
ventional gray-scale US was performed
by sonographers. The CE portion of the
examination was performed and inter-
preted by one of either two attending
radiologists (S.W. and J.M.) with 5 and
10 years, respectively, of abdominal US
subspecialty training. A GE LOGIQ E9
(GE Healthcare, Chicago, Ill) system
was used with a C1-6 curved-array
transducer. Off-label usage of US con-
trast agent in the renal collecting system
was approved by the institutional review
board. A dose of 1.5 mL of US contrast
agent solution (Optison, perflutren pro-
tein-type A microspheres injectable sus-
pension; GE Healthcare, Oslo, Norway)
was injected via the existing nephros-
tomy tube, followed by a 5 mL normal
saline flush. Since no prior data on the
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appropriate dosing for nephrostograms
were available, we used a slightly in-
creased dose relative to what would
be used in an intravenous CE study to
mitigate contrast agent strength dilu-
tion from pre-existing urine in the col-
lecting system. A Luer lock type syringe
(Becton Dickinson, Franklin, NJ) and
three-way stopcock were used to facili-
tate injection and prevent spillage of the
solution. Initial focused US of the kid-
ney with the nephrostomy tube was per-
formed of the renal collecting system,
including the renal pelvis and the visu-
alized ureter, and of the bladder looking
for residual stones, hydronephrosis, and
to establish a baseline for visual evalu-
ation for enhancement. The scan was
then repeated immediately after injec-
tion of the contrast agent, evaluating the
collecting system to ensure that contrast
agent was successfully instilled and the
ureter to determine level of any obstruc-
tion in the visualized portion. The time
at which contrast agent was first visual-
ized in the bladder was recorded. The
GE LOGIQ E9 (GE Healthcare) system
was used with the same C1-6 curved-
array transducer. CE US was performed
by using harmonic real-time imaging at
low mechanical index of 0.05-0.10. Cine
loop images were recorded, document-
ing the presence or absence of the con-
trast agent in the collecting system and
bladder. The study was terminated when
the contrast agent became obviously
present in the bladder. If the contrast
agent was not seen in the bladder af-
ter 5 minutes, a repeat 1.5 mL contrast
agent injection and 5 mL saline flush
was performed. If after 10 minutes no
contrast agent was seen in the bladder,
the study was terminated and the ureter
was considered obstructed. This timing
was determined to maintain consistency
between the timing of re-injection and
for allowing ample time for the contrast
agent to pass in partially obstructing or
slow flowing systems. This timing would
be analogous to typical times for fluoro-
scopic nephrostograms to observe ure-
teral patency once the contrast agent is
injected. During and for 4 hours after
imaging, the patient was closely mon-
itored for possible adverse reactions
from the contrast agent injection.

In our study, we applied several
techniques for optimizing the perfor-
mance of CE US based partly on previ-
ously published experiences in abdom-
inal imaging (8). To avoid breaking of
the US contrast agent microbubbles,
a large 18-gauge needle was used for
drawing up the contrast agent solu-
tion. We also used a three-way stop-
cock to connect the syringes contain-
ing the contrast agent and normal
saline flush to the nephrostomy tube.
This facilitated contrast agent admin-
istration and minimized spillage. High
pressure during injection will burst the
microbubbles (9), so we administered
the contrast agent with gentle pressure
for more than 30 seconds. Two types
of nephrostomy tubes are commonly
used at our institution, a 10-F Cope
loop catheter and 16-F Foley cathe-
ter. For injection into the latter, the
stopcock was connected to a Christ-
mas tree connector. These techniques
helped preserve the integrity of the US
contrast agent and facilitated collect-
ing system injection.

Traditional fluoroscopic nephrosto-
gram was also performed on the same
day (within 2 hours) as the CE US. One
of either two interventional radiolo-
gists (M.K. and A.T.), each with more
than 5 years of experience, performed
and interpreted the nephrostograms.
They were blinded to the US results for
those cases where US was initially per-
formed prior. The patient was placed
supine on the fluoroscopy table. Initial
plain-film radiography was performed
and then10 mL of contrast agent solu-
tion (iohexol, Omnipaque; GE Health-
care, Chicago, Ill) was injected via
the nephrostomy tube. Multiple fluo-
roscopic images were obtained of the
collecting system and ureters. Fluo-
roscopic screening time (in seconds)
and estimated radiation exposure dose
(milligray per centimeter squared)
from the machine were recorded. We
did not control for whether the CE
US or the fluoroscopic nephrostogram
was performed first. If an obstruction
was encountered, the patient would be
offered repeat evaluation on postop-
erative day 2 with repeat CE US and
fluoroscopic nephrostography.

Statistical Analysis

Concordance between CE US and fluo-
roscopic assessments of ureteral pa-
tency was evaluated by using a Clopper-
Pearson exact binomial test with a null
hypothesis probability of .5. Confidence
intervals were calculated. The statisti-
cal software used was NCSS version 11
(www.ncss.com).

Eighteen PCNLs were performed dur-
ing the recruitment period. Nine pa-
tients (five men and four women) were
enrolled. One patient declined the
study, five patients were not enrolled
due to staff availability to perform re-
search studies off hours, and three
patients were excluded in the analysis
because fluoroscopic doses were un-
available. A total of 10 studies were per-
formed, with one patient undergoing a
repeat study. Mean age was 49.5 years
+ 13.9 (range, 30-72 years) and mean
body mass index was 32.6 kg/m? = 10.3
(range, 22.9-55.1 kg/m?) (Table 1).
The degree of preexisting hydronephro-
sis prior to nephrolithotomy was noted,
which ranged from none (seven pa-
tients), to mild (one patient), to severe
(one patient).

On US images, the renal collecting
system was well visualized in all stud-
ies after injection of 1.5 mL of US con-
trast agent (Fig 1. The contrast agent
was seen in the bladder (Fig 2, Movie
[online]) in eight studies, indicating
ureteral patency. The time before con-
trast agent reached the bladder ranged
from 20 seconds to 6 minutes 30 sec-
onds. Two studies failed to demon-
strate contrast material in the bladder
at 10 minutes and therefore the system
was considered obstructed (Table 2).
One patient underwent a repeat US and
fluoroscopic nephrostography on post-
operative day 2, within 24 hours of the
first examination.

For fluoroscopic nephrostograms,
the mean fluoroscopic screening time
and radiation exposure dose were 213.3
seconds * 324.0 (range, 24-1113 sec-
onds) and 11319 mGy - cm? * 18706
(range, 9-62258 mGy - cm?), respec-
tively (Table 2).
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Table 1

Patient Characteristics and Preoperative Parameters

Parameter Value
Mean age (y) 49.5 = 13.9 (30-72)
No. of men* 5 (55.6)
No. of women* 4 (44.4)

Mean body mass index (kg/m?)
Mean preoperative serum creatinine (mg/dL)
Mean preoperative hematocrit (%)

32.6 = 10.3 (22.9-55.1)
112 = 0.38 (0.74-1.77)
42,6 + 6.2 (35.0-52.2)

Note.—Unless otherwise indicated data are means =+ standard deviation, with range in parentheses.

* Data in parentheses are percentages.

Figure 1

b.
Figure 1:

Dual-screen gray-scale (left) and GE (right) US images of the collecting system after contrast

material injection via a nephrostomy tube in a 72-year-old man 1 day after PCNL. (a) Longitudinal views of
the kidney with contrast material distributed throughout the renal collecting system (arrows). (b) Contrast
material is distributed throughout the renal collecting system (arrowhead) and proximal ureter (arrow).

CE US assessment of obstruction
was perfectly concordant with fluo-
roscopic assessment (10 of 10; 95%

confidence interval: 69.2%, 100%).
The null hypothesis of 50% agreement
between CE US and fluoroscopy was

rejected (P = .002). There were no ad-
verse events from US or iodinated con-
trast agent injection observed during
any imaging study or 4-hour observa-
tion period.

For seven patients, initial CE US
nephrostograms demonstrated patent
ureters and their nephrostomy tubes
were removed successfully immedi-
ately after imaging. For the other two
patients, repeat CE US and fluoro-
scopic nephrostograms were offered
on postoperative day 2. In the patient
who underwent repeat imaging within
24 hours for an initially obstructed
system, the repeat CE US and fluoro-
scopic nephrostogram (Fig 3) demon-
strated unobstructed antegrade flow.
This facilitated nephrostomy tube re-
moval on day 2. Another patient de-
clined the repeat CE US but fluoro-
scopic nephrostogram 24 hours after
the first imaging was obtained. This
showed ureteral patency and therefore
the nephrostomy tube was removed af-
ter the study and the patient was sub-
sequently discharged.

This  proof-of-concept investigation
demonstrated that antegrade patency
of the ureters can be evaluated by using
CE US in patients with a nephrostomy
tube present. Although the sample size
of this pilot study was too small to con-
fidently establish diagnostic accuracy,
the perfect concordance of results with
current standard-of-care fluoroscopic
results is encouraging.

CE US in the urinary system has
been widely studied in the evaluation
and diagnosis of vesicoureteral reflux in
pediatric patients. The safety of intraves-
ical CE US in children has been shown
with no major associated adverse effects
(10), and a comparative study has shown
CE US to have a diagnostic accuracy of
90% in comparison to voiding cystoure-
thrography (11). Another application of
intraluminal CE US, known as voiding
urosonography, also shows potential for
evaluating the urethra (12).

These emerging applications are
promising from a radiation exposure re-
duction and patient safety standpoint.
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a. C.

Figure 2:  Dual-screen gray-scale (left) and CE
(right) US images in a 56-year-old man with a
patent collecting system 1 day after PCNL. (a) Initial
preinjection images of the bladder demonstrate an
indwelling Foley catheter (arrow) within a moderately
distended bladder with a few foci of pre-existing air.
(b) Images of the bladder 1 minute 30 seconds after
injection of US contrast agent via the nephrostomy
tube demonstrate robust signal from the contrast
agent (arrow). (c) Fluoroscopic nephrostogram
confirms ureteral patency (arrow) and contrast agent
entering into the bladder.

Study-specific Demographic, Procedural, and Imaging Characteristics

Sex/Age () Contrast-enhanced US Fluoroscopic Nephrostogram
Body Mass Nephrostomy Preoperative Time until Contrast Fluoroscopic Radiation Exposure
Index (kg/m?)  Laterality  Tube Type Hydronephrosis ~ Patent Ureter Agent is Seen in Bladder ~ Patent Ureter ~ Screening Time (sec)  Dose (mGy - cm?)
M/30/23.6  Left Cope loop No Study 1, no/repeat  Not applicable/ No/yes 1113/72 62258/5000
study 2, yes 2 minutes
M/72/33.7  Right Cope loop No Yes 5 minutes Yes 78 12
M/56/26.08  Left Cope loop No Yes 1 minute 30 seconds Yes 132 9
F/67/22.9 Left Foley catheter  No Yes 6 minutes 30 seconds  Yes 282 8000
F/56/41.1 Right Cope loop Severe Yes 2 minutes Yes 84 7054
F/46/26.3 Right Foley catheter ~ Mild Yes 30 seconds Yes 24 3000
F/41/55.1 Left Cope loop No Yes 20 seconds Yes 60 10851
M/50/37 Left Cope loop No Yes 1 minute Yes 138 17000
M/47/36.1 Right Cope loop No No Not applicable No 150 12

There have been no reports of seri- Unlike the vascular system, the nor- and lymphocytes (13). Therefore, for-
ous adverse events related to urinary mal urinary system does not contain eign material in the urinary system
administration of US contrast agent. immune cells such as macrophages is unlikely to cause allergic reaction.
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Figure 3

There is minimal to no entry into the
vascular system with this type of injec-
tion, so the risks imposed by nephros-
tomy tube intraluminal administration
should be substantially lower than with
intravenous injection. A safety study of
intravesical US contrast agent adminis-
tration for diagnosis of vesicoureteral
reflux in children reported no serious

€.

adverse events (10). Minor events were
reported in 3.6% of the pediatric study
population, including dysuria, urinary
retention, abdominal pain, blood, mu-
cous discharge, and urinary tract in-
fection. All of these were self-limited,
did not require hospitalization, and
were most likely related to the cathe-
terization process (10).

Figure 3: US images in a 30-year-old man 1 day
after PCNL for an obstructing left proximal ureteral
stone with persistently obstructed system. (a) Initial
gray-scale US image shows residual shadowing
stones in the left collecting system (arrow). (b) Dual-
screen gray-scale (left) and CE (right) images. The CE
image shows bright signal (arrow) from the presence
of the contrast agent signal within a mildly distended
collecting system. (c) Dual-screen gray-scale (left)
and CE (right) images. No contrast agent is seen in
the bladder after 5 minutes. (d) Scout image prior to

| the fluoroscopic nephrostogram also demonstrated

residual stone fragments (arrow). () Concordant
fluoroscopic nephrostogram shows a moderately
distended renal collecting system (white arrow) and
contrast agent preferentially draining back along the
nephrostomy tube (black arrow). No contrast agent
was identified in the ureter. The patient underwent
repeat nephrolithotomy and small obstructing stones

1 were identified. One day later, a repeat CE US scan

and nephrostogram both demonstrated a patent
system (not shown).

CE US nephrostography has several
important potential advantages over
fluoroscopic imaging and could be used
for a number of clinical applications.
It can be performed easily at bedside
as opposed to in a fluoroscopy suite.
This allows for portable imaging, may
improve patient care efficiency and ac-
cess, and may decrease length of hos-
pital stays if US scanners have more
availability than fluoroscopy suites.
The volume of contrast agent injected
may also be lower for US compared
with fluoroscopy, which may reduce
the risk of over-distension of the col-
lecting system when there is ureteral
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obstruction. Finally, although the US
contrast agent is typically more expen-
sive per dose than iodinated contrast
agent ($80-$140 vs $5), CE US could
still represent an overall less expen-
sive imaging modality compared with
fluoroscopy when taking into account
the relative cost and the availability of
a US scanner relative to a fluoroscopy
suite. With its ability to detect ureteral
obstruction, its application can be ex-
tended to evaluation of other causes of
upper urinary tract obstruction, such
as ureteropelvic junction obstruction
and malignant ureteral obstruction.

This current study has several lim-
itations. Although this investigation
demonstrated 100% concordance with
fluoroscopic results, there is a wide
confidence interval range of 69% to
100% due to the small sample size.
Larger studies are needed to narrow
the width of the confidence interval.
The confidence interval and the P
value are approximate due to the pos-
sible correlation of results from the
one patient with two examinations.
Additionally, this study did not ran-
domize the order in which CE US and
fluoroscopic nephrostogram were per-
formed. The mechanical effect of the
volume of material injected in the first
study could potentially have affected
the ureteral patency for the second,
though this should not have had a sub-
stantial effect on concordance between
studies. An inherent limitation of US
is that portions of the ureters are typ-
ically obscured by overlying bowel gas.
Although CE US can depict obstruc-
tion in these cases based on absence
of contrast agent in the bladder, it may
provide less information about the
level of obstruction than fluoroscopy,
which is not limited by bowel gas.
However, given the hyperechoic sig-
nal from the US contrast agent in the
collecting system, visualization of the
ureters is often better than experience
with typical unenhanced gray-scale US
would suggest.

Although this investigation involved
only patients with unilateral nephros-
tomy tubes, the technique could be

extended to evaluate both ureters in a
patient with bilateral nephrostomies.
The challenge in a bilateral evaluation
would be that the contrast agent in-
jected into the first tube might obscure
or be confused with the contrast agent
coming from the second tube. To avoid
this, there are several means by which
the urinary system could be cleared of
the contrast agent prior to the second
injection: the renal collecting system
could be flushed with saline, the blad-
der could be drained and re-irrigated,
and any remaining microbubbles could
be burst with high mechanical index
pulse application. CE US may be limited
in differentiating between a complete
or incomplete ureteral obstruction.
However, partial obstruction that does
not substantially delay flow may not be
clinically relevant.

In conclusion, this preliminary
study demonstrates that CE US can
be used to evaluate antegrade ureteral
patency in patients with nephrostomy
tubes and has potential advantages over
fluoroscopy in terms of patient safety
(including radiation exposure) and con-
venience. Larger scale studies will be
powered to evaluate diagnostic accu-
racy of this technique relative to cur-
rent standard of care.
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