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Abstract This study describes and evaluates the use of
non-contrast enhanced computerized tomography (NCCT)
before and after extracorporeal shockwave lithotripsy
(SWL). Computer measured stone volume was used as
an exact measurement for treatment response. 81 patients
received SWL of kidney stones at Herlev Hospital between
April 2013 and January 2014 and follow-up was possible
in 77 (95 %) patients. NCCT was used before and after
treatment. Treatment response was expressed as a reduc-
tion of the stone volume. Stone characteristics as the stone
volumes, HU, SSD and localization were measured by
radiologist using a vendor non-specific computer program.
Complications, patient characteristics and additional treat-
ment were registered. On average, 5858 shocks were given
each patient. The follow-up NCCT was performed 24 days
after treatment. It was possible to calculate the stone vol-
ume in 88 % of the patients—the remaining 12 % it was
not possible due to stone disintegration. The stone free rate
was 22 %. The average relative reduction in stone burden
was 62 %. Only 8 % of the patients were radiological non-
responders. Steinstrasse was observed in 13 (17 %) and 28
(36 %) patients had additional treatment performed. Irra-
diation dose per NCCT was 2.6 mSv. Stone volume could
be calculated in most patients. The relative reduction in
stone burden after treatment was 62 %. The stone volume
was redundant when evaluating stone free patients, but in
cases of partial response it gave an exact quantification, to
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be used in the further management and follow-up of the
patients.
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Introduction

The unchallenged accuracy of non-contrast enhanced com-
puterized tomography (NCCT) in the diagnostics of uro-
lithiasis is well known and has been adapted into most clin-
ical settings [1], whereas treatment control often involves
less sensitive and specific imaging modalities. NCCT pro-
vides information regarding the extension and location of
the stone disease and thereby provides a sound basis for
selecting treatment modality together with the clinical his-
tory and symptoms.

Extracorporeal shockwave lithotripsy (SWL) is an ideal
treatment option for radiopaque stones within the renal
pelvis and upper or middle calices when stone diameters
are 2 cm or less [2, 3]. Poorer response rates have been
reported for lower calyx stones [3], Hounsfield units (HU)
over 1000 [4] and skin-to-stone distance (SSD) over 10 cm
[4]. When evaluating the SWL treatment the preferred
examination is often a plain X-ray of kidney, ureter and
bladder (KUB) [5]; however, it has been shown that resid-
ual stone fragments in the kidney and ureter will be over-
looked when using a KUB [6] and complications such as
sub-capsular hematoma will remain undetected.

To ensure a more accurate evaluation of stone treatment,
the department of Radiology at Herlev Hospital, Denmark,
has performed routine follow-up with NCCT since 2010.
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This was done to confirm the quality of treatment and to
provide the optimal follow-up. The post-treatment NCCTs
are presented at a weekly multidisciplinary conference to
design a plan tailored for each patient. We experienced
that residual fragments sometimes could be difficult to
evaluate if any clearance had occurred. Since stones are
three-dimensional (3D) objects we find that computer cal-
culated stone volume could give an exact measurement for
the reduction of the stone burden [7, §]. In this study, the
aim is to describe and evaluate the systematic use of 3D
computer calculated stone volume before and after SWL of
renal stones.

Materials and methods

After permission from the Danish Data Protection agency
was granted, patients who received SWL treatment at Her-
lev Hospital between April 2013 and January 2014 were
retrospectively identified. A total of 99 consecutive patients
were selected and 18 patients with ureter stones were
excluded. Follow-up was only possible in 77 out of the
remaining 81 patients (95 %).

The treatment was done by the same electromagnetic
lithotripter, Modulith SLX-MX (Karl Storz, Kreuzlin-
gen, Switzerland) under fluoroscopy. The standard pulse
frequency was 60 shockwaves per minute and a maxi-
mum of 3000 shocks per treatment session. The first 1000
shockwaves were given with an energy level of 16 kV
(0.54 mJ mm~?) and increased to 18 kV (0.82 mJ mm™?)
the rest of the treatment session. The last 500 shocks were
given with an increased frequency of 90 shockwaves per
minute. During the procedure the patients received a mild
intravenous sedation with midazolam and alfentanil. A
series of two to three sessions were pre-booked for each
patient with a minimum of a week’s interval. If the stone(s)
no longer could be identified with the fluoroscopy, the ses-
sion was cancelled and the patient was booked for a NCCT
and a renogram 3—4 weeks later. If the patient contacted the
department between the treatment sessions with symptoms
the NCCT was brought forward. The renograms were car-
ried out before and after treatment. This provided a bench-
mark for renal function and facilitated the identification of
potential reduction in the renal function due to complica-
tions that arose due to the treatment.

Non-contrast enhanced computerized tomography was
used to both diagnose and verify treatment effects. Stone
characteristics such as stone volume, maximum stone
diameter, peak HU (using 50 % region of interest, ROI),
average HU (using 100 % ROI), skin-to-stone distance
(SSD) and localization were measured retrospectively by
radiologist using a vendor non-specific computer program
(Philips Intellispace “CT-viewer”). Stone segmentations
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were done with fixed HU limit values on “bone window”
(Center 800 HU and Width 2000 HU). The radiologist then
marked the stone(s) and the software segmented all voxels
with HU > 100 and the total stone volume was calculated
by adding all the voxels in the region. This process took the
radiologist a maximum of 3 min extra for each CT.

The CT planning image (CTI), also called scout, was
assessed for radiopaque stones. If no visual stones were
identified by visual impression, a localizing scout line was
used to help identify radiopaque stones. The patients with
no radiopaque stones on CTI had either a KUB or fluoros-
copy on the table of the lithotripter to evaluate the possi-
bilities for SWL. The pre-treatment NCCT was performed
less than 3 months prior to treatment start. The number of
days from the last treatment to the control NCCT was reg-
istered together with the irradiation dose per NCCT.

The following data were retrospectively collected from
patient files: gender; age; body mass index (BMI); number
of treatment session; number of shocks; and complications.
The needs for additional stone treatments were registered
with respect to both steinstrasse as well as failed treatment
response to SWL.

Results

There were 77 patients treated and followed-up; 39 females
and 38 males. Mean age was 54.2 years (SD 16.6) ranging
from 18 to 88 years. Mean BMI was 25.7 kg m~2 (SD 4.2),
ranging from 17.2 to 42.3 kg m~2. Patient characteristics,
including stone and treatment features are listed in Table 1.
Stone size is presented as the maximum stone diameter
measured on the bone window, which is the traditional way
to express stone size in clinical practice. The mean stone
size was 8.6 mm (SD 2.7) and ranged from 3 to 15 mm.

The mean number of treatment sessions was 2.0 (SD
1.1) and the total number of shocks was 5858 (SD 3037).
The post-treatment NCCT was performed on average
24.2 (SD 19.5) days after last SWL session, varying from
1 to 147 days depending on individual patient symptoms
and compliance to the given appointments. Nine patients
(11.7 %) were pre-stented due to obstructive stones and
three patients (3.9 %) were diverted with a percutaneous
nephrostomy before treatment due to obstructing stones
combined with severe infection.

Stone volume accurately describes the stone burden;
however, most clinicians have not developed a frame of
reference on the stone volume yet. The average stone
volume was 608 mm> (SD 499) before SWL. The varia-
tion in stone volume was very large—ranging from 43 to
2131 mm?. To evaluate the SWL treatment effect, both the
relative and absolute reduction of the stone volume was
calculated. This was possible for 68 patients (88 %) and
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Table 1 Patient, stone and treatment characteristics

Variable Outcome [# (%)]
No. of patients 77 (100)

Male 38 (49.4)
Female 39 (50.6)
Variable Outcome [mean (SD)]
Age, years 54.2 (16.6)

BMI kg m~2 25.7 (4.2)

Max. stone diameter mm 8.6 (2.7)

Stone volume mm?>, pre-treatment 608 (499)

Stone volume mm?>, post-treatment 200 (296)

Stone density HU, peak 1232 (215)

Stone density HU, ROI 50 % 1092 (235)

Stone density HU, ROI 100 % 611 (132)
Stone-skin distance mm 90.0 (22.0)

No. of treatment sessions 2.0 (1.1)

No. of shocks 5858 (3037)

No. of days from last SWL to control NCCT  24.2 (19.5)

Average irradiation dose per NCCT, mSv 2.6 (1.16)

Variable Outcome [# (%)]
Renal pelvis 28 (36)

Lower calyx 26 (34)

Middle calyx 9(12)

Upper calyx 10 (13)

UPJ 4(5)

No. of pre-stented patients (JJ-stent) 9(11.7)

No. of pre-diverted patients with Nephrostomy 3(3.9)

the results are presented in Fig. 1. The average relative
reduction of stone burden was 62 %. In four patients (5 %),
there was an increase in stone volume most likely due to

Fig. 1 Relative reduction of 100 -
stone burden 90 |
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micro-fragmentation of a crushed stone. Figure 2 is a mag-
nified 3D picture where the former smooth stone shows
clear irregularities due to micro-fragmentation. This phe-
nomenon with an increased stone volume was the same as
sometimes observed under fluoroscopy during SWL treat-
ment when a stone changes in size, shape and density.

Disintegration was seen in the remaining nine patients
(11.7 %) and stone volume after treatment was not reported
due to the well-known inherent CT-error called “volume
averaging effect” or “blooming” [9], causing the software
to add visible inter-fragmental volumes. In these cases the
numerous stone fragments were in very close proximity
and the software could not differentiate between each frag-
ment. Figure 3 shows an example of a post treatment CT,
where stone volume calculation is erroneous due to frag-
mentation into gravel.

SWL treatment efficiency has yet to be defined, when
controlling treatment response with the high accuracy
of NCCT. A 100 % reduction in the stone burden is the
optimal result for the patient. The number of patients for
whom this occurred was 17 (22 %), however, this informa-
tion could be acquired by a simple visual evaluation of the
NCCT without stone volume measurements. The stone vol-
ume data first becomes relevant in the cases with residual
fragments. Residual fragments less than 5 mm in maxi-
mum diameter have traditionally been considered as clini-
cally insignificant [10, 11], despite that fact that fragments
of this size can cause adverse symptoms and regrowth.
Figure 1 shows that there has been a response in stone
volume in a great number of patients. Responses between
410 % were considered as non-responders and this group
consisted of 6 patients (8 %). The rest of the patients—
including the patients with defragmented stones without
post-treatment stone volume—had a response to treatment.
The response was not satisfactory in 19 (25 %) patients,
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68 patients with evaluable stone volume —in total 17 patients 100% stone free.
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Fig. 2 An example of micro-
fragmentation induced apparent
increased stone volume after
treatment due to changes in
size, shape and density. To the
left before treatment: volume
457 mm® and average HU 411.
To the right after treatment:
volume 826 mm? and average
HU 349

Fig. 3 An example of defragmented stone material not accessible for stone volume calculation. NCCT on bone window in transection and coro-

nal reconstruction: to the left before SWL and to the right after SWL

who subsequently received retrograde intra renal surgery
(RIRS) (Table 2). The stone volume in the patients receiv-
ing additional renal stone treatment was on the post-SWL
NCCT on average 348 mm? (SD 423), but with a very large
range spanning 28-1625 mm®. Stone volume alone was not
a suffice indication for surgical treatment. The location of
stone fragments together with the patients’ preferences and
symptoms were also essential for assessing the necessary
additional treatment.

The assessment of visible stones on the CTI before
and after treatment is presented in Fig. 4. There were 64
patients (83 %) with and 13 patients without radiopaque
stones on the pretreatment CTI. An additional KUB or
fluoroscopy identified radiopaque stones in the 13 CTI
negative patients. After treatment, 17 patients were stone
free and were true CTI negative. The NCCTs showed 47
patients (73 %) with residual fragment. When evaluating
these patients’ CTIs there were 22 patients (47 %) with and
25 patients (53 %) without radiopaque residual fragments.
Among the patients, the sensitivity of the CTI dropped
from 83 % before treatment to 47 % post treatment. This
illustrates the possible overestimation of the treatment
response when using a less sensitive modality.

Residual fragments in the ureter were not included in the
posttreatment stone volume, because these fragments were
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Table 2 Complications and need for additional treatments

Complications classified according to the Clavien—Dindo classifica-
tion of surgical complications

Steinstrasse, clinically (grade I) 13 (17 %)
Sub capsular hematoma 0 (0 %)
Reported hematuria (grade I) 34 %)
Reported pain post-treatment (grade I) 24 (31 %)
Infection—re-admitted (grade II) 34 %)
Ureteroscopy due to steinstrasse (grade I1I-b) 7 (9 %)
Ureteroscopy combined with RIRS due to steinstrasse 1(1 %)
(grade III-b)
Additional stone treatment:
RIRS 18 (23 %)
Ureteroscopy due to residual fragments 2 (3 %)

expected to be cleared either spontaneously or surgically.
Steinstrasse was clinically observed in 13 patients (17 %)
and 7 (54 %) of these had required semi-rigid ureteroscopy
to remove the residual fragments and 1 (8 %) had ureter-
oscopy combined with RIRS. Two patients with residual
fragments in the ureter had semi-rigid ureteroscopy, due to
lack of clearance of the fragments, but did not at any time
have steinstrasse. The group of patients with steinstrasse
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Before treatment
No of patients

After treatment
No of patients

77
13
64 64
25
17
22
All treated False negative True positive: All patients ~ False negative True negative True positive
patients patients with with visible
visible stone stone on pre
on pre CTI CTI
Percentage 100% 17% 83% 100% 39% 27% 34%
of patients
Fig. 4 Evaluation of visible stones on CTI before and after SWL
had an average stone volume of 726 mm® (SD 374) before  Discussion

SWL while in the group without steinstrasse the average
was 584 mm? (SD 516). The clearance of fragments in the
group with steinstrasse was significantly different from
the rest of the patients: 578 mm® (SD 357) compared to
393 mm? (SD 443), respectively.

A renogram was performed on all patients before the
SWL treatment was initiated. The reference interval for the
relative renal function share was 42-58 %. Before treat-
ment 14 patients had a reduced function on the affected
side (<42 %)—3 due to obstruction and the rest due to
chronical reduced renal function. After treatment 73 of
the patients had a new renogram made and 8 patients had
a loss of relative renal function of 8 % or more—7 had an
obstructing curve. Six patients required surgical interven-
tion due to loss of relative renal function.

The complications are listed in Table 2 and classified
according to the Clavien—Dindo classification of surgi-
cal complications [12]. No sub-capsular hematoma was
observed and 3 patients (4 %) reported hematuria and 3
patients (4 %) were readmitted to the hospital due to infec-
tions. 24 patients (31 %) reported pain after treatment,
mostly due to stone passage.

Average radiation dose per NCCT was 2.6 mSv (SD 1.2)
ranging from 1.0 to 7.8 mSv. Irradiation dose was slightly
above the EAU recommendations of 2 mSv for patients
with BMI < 30 [13]. 10 % of the patients in the study had a
BMI over 30.

Success rates for SWL for kidney stones have been reported
for many years from around the world. The rates vary from
13.6 to 91.2 % [14-16] and the control modalities were:
KUB [4], ultrasound or KUB [17], ultrasound and/or KUB
[18] and NCCT [6]. The case for not using NCCT has been
irradiation and availability and cost. The risk of overlook-
ing residual fragments has been shown to be 22 % [6],
when using KUB compared to NCCT. Ultrasound has been
shown to be insufficient in diagnosing residual fragments,
especially in ureters [19]. In our perspective KUB is not
reliable enough to give patients accurate information about
the stone status, because the visibility of radiopaque stone
fragments is not only related to stone density, but also to
stone size and body mass. When considering patients with
residual stones only 47 % could be identified by CTIL. CTI
is of course not a proxy for KUB, because the negative pre-
dictive value of CTI compared to KUB has been shown in
another case series to be 67 % [20].

Recent developments have resulted in the necessary
irradiation dose given during a NCCT decreasing consid-
erably. The current dose was 2.6 mSv and it is possible to
reduce the dose further—approaching a KUB-level—with
new CT-scanners and software [21]. In our study we used
the bone window to calculate the stone volume. There is
an easier way to calculate the stone volume, but it requires
that the NCCTs were carried out with a CT-scanner from
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the same manufacturer. In 17 patients (22 %) the pre-treat-
ment NCCT was performed in another hospital or on a CT-
scanner from another manufacturer, which hindered the use
of the software program. In these cases, a radiologist cal-
culated stone volumes based on the bone window, which
was more time consuming compared to the software-based
calculation. We found that the stone volume estimated from
both approaches was the same.

Stone volume becomes important in patients that are not
stone free after treatment. The partial response can be cal-
culated and presented to the patient as a relative reduction,
facilitating patient comprehension of treatment process.
Even when a patient decides for a conservative treatment of
residual stone fragments it is possible to follow the patient
with control NCCT and associated stone volume calcula-
tions to evaluate the progression or regression of the stone
burden.

Stone volume can be used to calculate the absolute
reduction of the stone burden. The patients with stein-
strasse had both larger initial stone volume compared to
the patients not having steinstrasse, however the differ-
ences were not statically significant. The patients with
steinstrasse had significantly larger absolute reduction of
stone volume compared with the rest of the patients. Using
stone volume opens new ways of following treatment suc-
cess. Stone volumes can easily be adapted into the follow
up for other stone treating modalities such as RIRS and
percutaneous nephrolithotomy (PCNL). The down side of
using stone volume as measures of treatment success can
be that patients may become focused on the data generated
and demand further treatment, despite not being necessary.
To circumnavigate this it will be necessary to identify and
inform about clear thresholds for determining treatment in
future.

The question that remains is when is the ideal timing for
making the follow-up NCCT? In our study the number of
days from last treatment was 24. The local guidelines rec-
ommends 3—-4 weeks, but patients contacting our depart-
ment with symptoms, mainly painful stone passages or
infection, the NCCT was done earlier than the 3—4 weeks.
The clearance of both of stone fragments from the kid-
ney and the ureter has been shown to be greater over time
[22]. Many studies of SWL with follow up KUB have been
done 2-6 weeks after treatment [4, 23]. However, in pre-
stented patients it is important not to exceed 3 months of
total stenting period due to encrustations of the stent and
the risk of infection combined with having a reduced qual-
ity of life due to side effects from a jj-stent or a nephros-
tomy [24]. The reason for not allowing patients wait longer
than 3—4 weeks was to shorten waiting time and sick leave,
especially if further stone treatment was required.

In 2008 Bandi et al. concluded that “stone volume is an
easily obtainable variable and should be routinely reported
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as a measure of stone burden for all patients with stones”
[25]. However; stone volume reduction has not been
reported in the recent published results for stone treatment
and it is still possible to publish results without perform-
ing a follow up NCCT and only evaluating the results with
a KUB [23]. Using systematic NCCT and stone volume
determination in the follow-up [26] will provide new per-
spectives on how to report treatment results and define suc-
cess criteria.

The stone volume in this study was measured retrospec-
tively and has not been used in the clinical decision-making
for this group of patients. So whether the potential impact
of decisions made based on stone volume reduction cannot
be assessed. We can however show the distribution of stone
volume reduction after a consecutive group of patients have
been treated with SWL of kidney stone. The radiologi-
cal response rate of 92 % was surprisingly high and very
different from the clinical response rate when taking into
consideration the need of 28 (36 %) patients for ancillary
procedures (semi-rigid ureteroscopy and RIRS). In 46 of
the 48 patients (96 %) not having further stone treatment it
was possible to calculate the post-treatment stone volume
and the average residual stone burden was 145 mm® (SD
265) ranging from 0 to 1618 mm?>. The large spread of the
residual stone burden emphasizes that the aim of treatment
is not to create perfect radiological result, but to design the
treatment and follow up appropriately. In the future, stone
volume will be a tool clinicians can use to understand and
to describe the exact treatment response of any stone treat-
ing modality.

Conclusion

The use of NCCT before and after SWL made it possible
to calculate stone volume and calculate the relative and
absolute reduction of the stone burden. However, it was
not possible to measure the stone volume in all the post-
treatment NCCTs due to 9 (12 %) patients having disinte-
grated stones, so the computer could not differentiate each
stone fragment from each other. The stone free rate in this
population was 22 %. The average relative reduction of the
stone burden was 62 %. A total of 28 (36 %) patients had
additional stone treatment performed.

We recommend NCCT as a control measure after
SWL to evaluate the treatment results with great preci-
sion and using the NCCT after treatment as a baseline
for further follow-up. Stone volume is a tool that can be
applied in a large number of patients with partial treat-
ment response. The relative and absolute reductions of
the stone burden are primarily instruments provided by
the radiologist to the urologist to make ideal follow up
for the patients.
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