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ABSTRACT

Percutaneous nephrostolithotomy (PCNL) constitutes first line therapy for large and complex renal
calculi. However, retained calculi generated by intracorporeal lithotripsy remain a concern because of their
potential for growth and future symptoms. Liberal use of flexible nephroscopy identifies residual calculi and
increases stone free rates. However, historically the sensitivity of radiographic imaging studies to predict the
outcome of flexible nephroscopy has been inadequate. With new, helical, computed tomography (CT) technology,
post-PCNL imaging can accurately and reliably detect residual calculi and predict the outcome of flexible
nephroscopy, thereby allowing the selective use of second look flexible nephroscopy, and reducing cost and
patient morbidity. We review the current recommendations for post-PCNL imaging.
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INTRODUCTION

Percutaneous nephrostolithotomy (PCNL)
has become the treatment of choice for large or com-
plex stones. The advantage of PCNL over other
noninvasive or minimally invasive treatment modali-
ties is the ability to rapidly and completely clear a
large stone burden without the attendant risks and
uncertainty associated with fragment passage. Like
other minimally invasive modalities, however, PCNL
often requires stone fragmentation to enable removal
through a 1-centimeter incision. As such, the poten-
tial for leaving residual stones is greater with mo-
dalities requiring lithotripsy than after intact removal.
Indeed, with the advent of shock wave lithotripsy
(SWL), the definition of “success” was modified to
include “clinically insignificant residual fragments”
based on the assumption that these fragments had a
high likelihood of spontaneous passage and a low
probability of causing symptoms.

The completeness of stone clearance follow-
ing PCNL, however, is an ongoing concern. A recent
review of patient outcomes following SWL suggested
that even small residual stone fragments predispose

patients to early symptom recurrence and decreased
quality of life (1). Similar outcomes can be expected
after PCNL when intracorporeal lithotripsy is used.
Unfortunately, the presence of residual fragments
following PCNL is not accurately predicted by either
plain abdominal radiographs or nephrotomograms (2).
Thus, many centers have routinely performed second
look flexible nephroscopy to assure a stone-free state
after PCNL. Advanced radiographic imaging tech-
niques such as non-enhanced, helical, computerized
tomography (CT) have significantly improved the
accuracy and reliability of radiographic evaluation of
residual stones (3,4). Consequently, the efficacy of
percutaneous stone removal is enhanced by careful
postoperative radiographic evaluation and selective
adjuvant surgical intervention. We review the indica-
tions and methods of evaluating for the presence of
residual stones following PCNL.

IMPORTANCE OF A STONE-FREE STATE

Historically, the goal of surgical intervention
for stone disease was complete stone removal, and
thus the presence of any residual calculi indicated
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failure of the procedure. With the introduction of
SWL, however, the presence of small residual frag-
ments after treatment was assumed to be inconsequen-
tial and thus was considered acceptable. A recent
study addressed the fate of residual stone fragments
after SWL and found that small residual stones were
frequently associated with future stone problems.
Streem et al. evaluated 160 patients with ≤4 mm re-
sidual stone fragments at a mean of 23 months post-
SWL and found that 43.1% of patients experienced a
symptomatic episode or required intervention at an
average of 26 months postoperatively (1). Zanetti et
al. likewise noted a 22% incidence of symptomatic
episodes within 2 years in a group of 129 patients left
with ≤ 4 residual fragments after SWL (5).

A number of investigators have noted that
patients with residual stones have a higher rate of new
stone formation than patients rendered stone free af-
ter surgery. Graff et al. reported a 6.2% incidence of
stone recurrence after SWL in patients rendered stone
free versus a 17.2% recurrence rate in patients with
residual stones at an average follow-up of 19.1 months
post-SWL(6). Likewise, Newman et al. found that 1
year after SWL, 8.4% of stone free patients devel-
oped new stones compared with 21.6% of patients
with residual stones who demonstrated new stone
growth (7). Zanetti et al. followed 88 patients with
residual fragments after SWL and found that at a mean
follow-up of 42 months, 65% of patients demonstrated
stone growth (8). Yu et al. evaluated 94 patients (106
renal units) at a mean of 75.8 months post-SWL.(9)
Among 62 renal units free of stone at 3 months, 79%
remained stone free and new stone growth occurred
in 21% at long-term follow-up (mean 30.5 months).
In contrast, among the 44 renal units with residual
stones at 3 months, new stone growth ultimately oc-
curred in 70% of cases. Interestingly, a comparison
of stone recurrence rates at 1 and 2 years post-sur-
gery in 298 patients rendered stone free after SWL
and 62 patients stone free after PCNL with intact stone
removal revealed a higher rate of new stone forma-
tion in the SWL group (22.2% at 1 year, 34.8% at 2
years) versus the PCNL group (4.2% at 1 year, 22.6%
at 2 years), suggesting that residual “dust” after SWL
that may not be identifiable on standard radiographs
places patients at higher risk for stone recurrence than

when the stone is removed in intact without the po-
tential for residual fragments (10).

Although medical therapy has been shown
to reduce the incidence of stone recurrence after SWL,
patients with residual fragments remain at higher risk
for recurrence compared with patients rendered stone
free. Fine et al. retrospectively reviewed stone recur-
rence rates in 25 patients with (n = 13) or without (n
= 12) residual stones treated with medical therapy
after SWL (11). At a mean follow-up of 43.2 months,
the group with residual stones demonstrated a higher
rate of stone recurrence (median 0.47 stones per pa-
tient per year) than the group rendered stone free
(median 0.09 stones per patient per year).

Incomplete clearance of infection stones
poses a particularly high risk for new stone growth as
well as a risk of recurrent infection. Zanetti et al. noted
persistent urinary tract infections at a mean follow-
up of 42 months in 16% of 250 patients treated with
SWL; among those patients with recurrent infection,
stone re-growth occurred in 74.4% (8). Beck & Riehle
found similar results in a group of 33 patients with
struvite stones. At a mean of 26.6 months post-SWL,
77.7% of 18 renal units with residual fragments dem-
onstrated stone re-growth versus 20% of 20 renal units
rendered stone free; only 1 patient rendered stone free
developed recurrent infection compared with 47% of
patients left with residual stone fragments (12). These
studies underscore the importance of a stone free state
in prevention of infection and stone recurrence in this
select group of stone formers.

RADIOGRAPHIC EVALUATION OF
RESIDUAL STONES

Traditionally, post-PCNL radiographic imag-
ing studies have been used to detect residual stones
and determine the need for secondary procedures to
achieve a stone free state. However, imaging modali-
ties differ in their ability to detect residual stones,
and consequently a determination of “stone free” var-
ies according to the imaging modality used. Plain
abdominal radiographs are notoriously insensitive for
detecting small stones; overlying bowel gas, bony
structures and obesity all reduce the sensitivity of plain
films for detecting small stones. The use of plain
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nephrotomograms increases the sensitivity by elimi-
nating extra-renal structures that obscure renal cal-
culi. A number of investigators have reported a higher
stone detection rate with plain nephrotomograms com-
pared with plain abdominal radiographs; in 12% (7/
60)(13), 39% (11/28) (14) and 47% (46/98)(15) of
patients, respectively, a greater number of stones were
detected by nephrotomograms than by plain film ra-
diographs.

Denstedt et al. confirmed improved stone
detection rates with nephrotomograms compared with
plain abdominal radiographs but found that direct
endoscopic inspection was superior to either radio-
graphic imaging technique for detecting residual
stones after PCNL (2). In 29 patients with ≥ 3 cm
renal calculi undergoing PCNL, plain films docu-
mented residual stones in 34% of patients,
nephrotomograms in 52% and flexible nephroscopy
in 69% of patients. Consequently, the use of second
look flexible nephroscopy was recommended as a
routine adjunct to maximize the efficacy of PCNL,
independent of radiographic findings.

The application of non-enhanced CT imag-
ing post-PCNL further improved the ability to radio-
graphically detect residual stones after surgery.
Marberger et al. demonstrated small calcifications on
CT that were not detected by plain radiographs in
11% of 62 patients 12-43 months after PCNL (16).
Likewise, Lehtoranta et al. showed superiority of
conventional CT over plain film radiography,
nephrotomography and renal sonography in detect-
ing residual stones after PCNL (17). Among 35 pa-
tients (36 renal units) evaluated 12 to 36 months post-
surgery, stone free rates of 47% by CT, 56% by plain
films, 58% by nephrotomograms and 72% by
sonography were reported.

Waldmann et al. recently reviewed their ex-
perience using CT as the sole imaging modality for
detecting residual stones after PCNL (4). Among 124
renal units, post-procedure CT demonstrated retained
calculi in 41% of cases. The need for further therapy
to retrieve residual stones was based on the volume
of retained calculi; 23 patients subsequently under-
went flexible endoscopy, 8 patients were treated with
SWL, and 21 patients were managed conservatively.
The authors concluded that, based on CT findings,

routine second look flexible nephroscopy in all pa-
tients would have resulted in a 75% rate of unneces-
sary surgery. However, the definitive assessment of
residual calculi by flexible nephroscopy was not rou-
tinely performed in all cases and therefore the true
sensitivity of CT and need for an adjunctive proce-
dure could not be assessed.

Non-contrast, thin-cut, helical CT has re-
placed the intravenous urogram as the imaging mo-
dality of choice for detecting ureteral calculi in pa-
tients presenting with acute flank pain (18-21). In
contradistinction to conventional CT, the use of over-
lapping image reconstruction allows for precise iden-
tification of even small ureteral calculi, and the rapid
image acquisition reduces artifact due to respiration
variation, further increasing sensitivity.

Applied to the kidney, this technology pro-
vides an exceedingly sensitive means of detecting
retained calculi after PCNL. Pearle et al. evaluated
the sensitivity of plain film radiography and non-en-
hanced, helical CT in predicting residual stone frag-
ments after PCNL using flexible nephroscopy as the
“gold standard” for detecting retained calculi (3). A
total of 36 patients (41 renal units) with stones > 3
cm in diameter underwent post-operative imaging
with plain film radiographs and non-contrast, thin-
cut (5 mm) helical CT, then returned to the operating
room for flexible nephroscopy on postoperative day
2 or 3. The number of stones detected by each mo-
dality was recorded and compared. An overall stone
free rate of 92.6% was achieved after flexible
nephroscopy. On average, 0.7, 3.4 and 2.3 stones per
renal unit were detected by plain film, CT and flex-
ible nephroscopy, respectively. CT missed no stones
detected by flexible nephroscopy. Sensitivity and
specificity for the imaging modalities were 46% and
82%, respectively, for plain film radiographs and
100% and 62%, respectively, for CT. Consequently,
selective use of flexible nephroscopy after PCNL
based on positive CT findings in this series would
have avoided an unnecessary operation in 20% of
patients. Indeed, this strategy of selective use of flex-
ible nephroscopy would translate into cost savings of
$109,687 per 100 patients at their institution com-
pared with a strategy of flexible nephroscopy in all
patients.
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CURRENT RECOMMENDATIONS

While second look flexible nephroscopy re-
mains the “gold standard” for evaluation of residual
fragments following PCNL, non-enhanced, helical CT
accurately predicts the outcome of flexible
nephroscopy and best selects patients who would
benefit from repeat surgical evaluation. Furthermore,
CT in conjunction with antegrade nephrostogram pro-
vides an accurate “road-map” with which to precisely
locate residual stones at flexible nephroscopy. We
recommend that patients with large stones requiring
fragmentation at PCNL who constitute a high-risk
group for residual fragments undergo non-contrast,
thin-cut (5 mm) helical CT and antegrade
nephrostogram on the first post-operative day to iden-
tify those patients who would benefit from second
look flexible nephroscopy.

In patients with residual stones, flexible
nephroscopy is performed on post-operative day 2 to
retrieve residual fragments. If the antegrade
nephrostogram demonstrates good antegrade drain-
age and the urine is relatively clear at the time of flex-
ible nephroscopy, the nephrostomy tube is removed
and the patient is discharged home. Occasionally tiny
fragments are identified on CT that are not identified
endoscopically and are presumed to have passed or
to be located submucosally. In these cases, flexible
nephroscopy is performed unnecessarily (15%). How-
ever, this low false positive rate assures that no sig-
nificant stones are missed.

A policy of selective use of flexible
nephroscopy based on positive CT findings will maxi-
mize stone free rates while avoiding unnecessary pro-
cedures in the majority of patients.
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