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Abstract The objective is to compare immediate and

delayed SWL as a treatment for ureter stones between 5

and 20 mm. Patients who applied to the emergency

department with single, radio opaque ureteric stone of

5–20 mm size were included in the study. Patients were

randomized into immediate and delayed SWL groups.

SWL were carried out after pain relief in the delayed

group. Maximum of three SWL sessions were applied to

the patients with stones of 5 mm or bigger in diameter,

leaving at least 3 days interval in-between. Stone-free rate

after first session was similar in two groups. When CIRF

was also considered as success, the success rate of SWL in

the immediate SWL group was higher after first session

(p = 0.02). Immediate SWL had a greater success rate in

upper ureteric stones (p = 0.019). Overall average time

required for elimination of stones was shorter in immediate

SWL group than delayed SWL group (p = 0.033). The

success rate after first SWL session (including CIRF) was

59 % for patients with chronic pain in the delayed group

and 100 % for patients with acute pain in the immediate

group. According to the hydronephrosis grade, success

rates were 71 and 44.4 % for patients with grade 1 or no

hydronephrosis in the immediate SWL group, and for

patients with grade 2 or larger hydronephrosis in the

delayed SWL group, respectively, after first SWL session.

Immediate SWL insures stone-free status in a shorter time

in cases with renal colicky pain and ureteral stones, par-

ticularly upper ureteral stones.
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Abbreviations

SWL Extracorporeal shock wave lithotripsy

EAU European Association of Urology

AUA American Urological Association

PAR Plain abdominal radiographs

URS Ureteroscopic lithotripsy

PNL Percutaneous nephrolithotomy

USG Ultrasonography

NCCT Noncontrast computed tomography

ER Emergency department

VPS Visual pain scale

CIRF Clinically insignificant residual fragment

Introduction

Ureteric stones may cause significant obstruction and may

require interventional treatment, depending on the size and

location of the stone [1]. A conservative approach may lead

to complications such as flank pain and need for emergency

referrals, loss of labor, urinary tract obstruction, infection,

and loss of renal function [2]. Upto 98 % of the newly

diagnosed cases, proximal or distal single ureteric stones

smaller than 0.5 cm can pass spontaneously, while bigger

ones can pass at a reduced rate with an increased compli-

cation rate.

Extracorporeal shock wave lithotripsy (SWL) has been

employed frequently in the treatment of urinary stone

disease, being a simple, effective and reliable procedure
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that can be done without anesthesia [3]. SWL has been the

treatment of choice in most of the ureteric stones, as rec-

ommended in the Ureteral Calculi Guidelines of both

European Association of Urology (EAU) and American

Urological Association (AUA) [4]. Success rate of SWL in

the treatment of ureteric stones is approximately 80 % [2].

Various factors determine the success rate such as location,

size and type of stone, as well as impaction of the stone and

renal function [5].

If stone remains stationary in the ureter, mucosal edema

develops at the stone site within days [6], and the success

rate of SWL decreases. This is because there is no room for

the stone to expand and there is no sufficient liquid inter-

face around the stone [7]. Therefore, an early treatment is

preferable. The aim of the immediate SWL is to increase

treatment success by performing SWL before edema forms

within the ureter. Despite the few number of studies

showing that immediate SWL is more successful in the

treatment of ureteric calculi, variations in terms of the

study parameters make it difficult to reach a concrete

conclusion regarding the issue [1, 8–14]. Our study aims to

compare immediate SWL to delayed SWL using stan-

dardized parameters of diagnosis, treatment and outcome

analysis.

Patients and methods

Our study started upon Institutional Review Board

approval. Patients who applied to the emergency depart-

ment (ER) with renal colic and who were diagnosed with a

radioopaque ureteric stone of 5–20 mm size according to

the plain abdominal radiographs (PAR) were included in

the study. Informed consent from each patient was

obtained. Our exclusion criteria were (suspicion of) preg-

nancy, history of ureteral stenosis or ureteral tumor, open/

endoscopic operations [ureteroscopic lithotripsy (URS),

percutaneous nephrolithotomy (PNL), etc.], bleeding

diathesis, severe cardiovascular and pulmonary disease,

solitary kidneys, acute kidney failure (serum creatinine

level greater than 1.5 mg/dl), severe urinary tract infection

or urosepsis, anticholinergic and alpha blocking agent use,

age under 15 or above 80 years. Patients were evaluated

with urine analysis, hemogram, serum urea and creatinine

levels, activated partial thromboplastin time (aPTT), and

prothrombin time/international normalized ratio (PTT/

INR) tests. Body mass index (BMI) was calculated.

Whenever PAR revealed an opacity suspicious of a

ureteric stone, a urinary ultrasonography (USG) was also

performed. When dilatation of the collecting system was

detected, hydronephrosis was graded as follows: mild

(grade 1), if only renal pelvis was dilated; moderate (grade 2),

if renal pelvis and calices were dilated; severe, if renal pelvis

and calices were dilated and renal parenchyma has become

thin (grade 3) [15]. Later, all cases were evaluated with

abdominopelvic noncontrast computed tomography (NCCT)

(64 slice multidetector computed tomography Brilliance

scanner Philips Healthcare, Best, The Netherland) to detect

the location and the size of the stones. Stones were classified

as upper part (from ureteropelvic junction to the upper edge

of sacrum), middle part (in-between the upper and lower

borders of sacrum) and lower part (in-between lower border

of sacrum and bladder) stones based on the images on PARs

[16].

Patients were randomized into two groups by means of

a computer software, such that, immediate and delayed

SWL treatments were scheduled within 24 h and within

3–7 days from referral, respectively. Patients in the

delayed SWL group received a non-steroidal anti-inflam-

matory drug (diclofenac sodium), and they were recom-

mended an oral hydration so as to urinate 2 liters per day.

They were cautioned that they should come back to the ER

in the event of fever, severe nausea and vomiting, or any

pain that does not respond to analgesic medication. SWL

treatments were carried out after pain relief in this group.

No patients received alpha blockers during SWL treatment,

and no ureteric stents were inserted in any patient prior to

the SWL until the end of third session. SWL procedure

was performed by the same urologist in all cases using a

lithotripter with an electromagnetic generator (Siemens

Lithoskop TM, Germany) with the patients in supine

position at a shock wave rate 90 per minute. Maximum

pulses per session were 3,000 for lower ureteric stones and

3,500 for upper and middle part stones. However, treat-

ment was stopped before completion of the scheduled

pulses if the stone image disappeared or if the stone was

disintegrated.

SWL outcome was assessed with NCCT on the third day

after first session. Stone-free status was accepted as suc-

cess. Stones with 4 mm or less in diameter were considered

as clinically insignificant residual fragments (CIRF), while

bigger stones were accepted as failure. A maximum of

three SWL sessions were applied to the patients with stones

of 5 mm or bigger, leaving at least 3 days interval in-

between. Other treatment modalities were performed if

SWL failed after three sessions. Number of sessions per

patient, number of shocks per session, and complications of

the treatment were recorded. Statistical evaluation was

performed using a computerised software (SPSS� 16.0,

SPSS Inc. Chicago, IL, USA). Data were analyzed for

compliance with normal distribution. Data that do and do

not comply with normal distribution were analyzed with

t test as independent samples, and with the Mann–Whitney

U and the Fisher’s exact test, respectively. Categorical data

were compared with the Chi-square test. A p value of 0.05

was considered as the threshold for statistical significance.
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Results

A total of 63 patients, 32 (50.8 %) in the immediate SWL

and 31 (49.2 %) in the delayed SWL group, were included

in the study between December 2010 and April 2011.

There were 25 (78.1 %) males and 7 (21 %) females in the

immediate SWL group and 25 (80.6 %) males and 6

(19.4 %) females in the delayed SWL group. Mean stone

sizes of immediate and delayed groups were 8.12 ± 3.16

and 8.8 ± 2.87 mm, respectively, which are statistically

similar. Average age was 37.19 (18–79) years and average

BMI was 26.3 kg/m2. Body weights, BMIs and stone sizes

were similar between the groups (p [ 0.05) (Table 1).

There was no difference between the two groups in terms

of laterality and location of the stones (p = 0.171). Delayed

SWL group had significantly more cases with severe

hydronephrosis (p = 0.041). The number of cases with

chronic pain was higher in the delayed SWL group

(p = 0.015). Both groups were similar in terms of shock

numbers, amount of energy and pain scores (Table 2). In the

delayed SWL group, one (1.6 %) patient passed his stone

spontaneously. Total number of SWL sessions was 1, 2, and

3 in 43, 7 and 12 cases, respectively (Table 2). The average

size of residual stones was 5.6 ± 2.3 and 7.9 ± 3.4 mm

(p = 0.053) after first session in the immediate SWL and

delayed SWL groups, respectively. 17 (53.1 %) and 12

(40 %) patients (p = 0.353) were stone free after the first

session in the immediate SWL and the delayed SWL

groups, respectively (Table 3). When CIRF was also con-

sidered as success, the success rate of SWL in the imme-

diate SWL group was higher after first session (p = 0.002).

After the first session, according to the stone location, it was

observed that immediate SWL had a greater success rate in

upper ureteric stones (p = 0.019), while the treatment

success was similar between both the regimens in other

parts of the ureter (p = 0.414 for mid and p = 0.071 for

lower ureteric stones) (Table 4).

Average stone sizes requiring one, two and three SWL

sessions were 7.52 ± 2.08, 8.57 ± 2.29 and 12.04 ±

3.67 mm, respectively, in both groups (p \ 0.001). Patients

undergoing at least two sessions of treatments in the imme-

diate SWL group had bigger stones than their counterparts in

the delayed SWL group (p \ 0.01). Although more sessions

were required for patients in the delayed SWL group, no

statistical significance was observed between the groups

(independent groups t test p = 0.068).

When the presence of CIRF is considered as success,

SWL success rate in the immediate treatment group

increased to 93.8 % after three sessions, whereas it was

80 % in the delayed SWL group (p = 0.107). In general,

SWL success rate in ureteral stones was 69.4 % after

first session and 87.1 % after three sessions when CIRFs

were also included. Overall average time required for

elimination of stones was 6.31 ± 8.84 (1–39) days in

immediate SWL group and 9.82 ± 10.24 (1–37) days in

delayed SWL group, and the difference was significant

(p = 0.033).

The success rate after first SWL session (including

CIRF) was evaluated according to the pain type at referral,

which was found to be 59 % for patients with chronic pain

in the delayed group, whereas it was 100 % for patients

with acute pain in the immediate group. When the first

session success rates were evaluated (including CIRF)

according to hydronephrosis grade, success rates were 71

and 44.4 % for patients with grade 1 or no hydronephrosis

in the immediate SWL group, and for patients with grade

2 or larger hydronephrosis in the delayed SWL group,

respectively.

On the other hand, URS lithotripsy was performed as an

additional procedure after three SWL sessions in 8

(12.7 %) cases; 2 (6.2 %) from the immediate SWL group

and 6 (19.4 %) from the delayed SWL group. Two groups

were similar in terms of the necessity for an additional

intervention (p = 0.472).

Discussion

SWL is preferred in the treatment of most of the kidney and

ureteral stones due to its simplicity, noninvasiveness,

effectiveness, minimum morbidity and no need for anes-

thesia. For a significant portion of ureteric stones, SWL

is the first treatment option, which is recommended in

the Ureteral Calculi Guidelines of both the European

Table 1 Breakdown of cases

by gender, age, height, body

weight, BMI and size of stone

BMI body mass index
a Figures are provided as

follows: average ± standard

deviation

Immediate SWL group Delayed SWL group Total/average value p

Number n (%) 32 (50.8) 31 (49.2) 63 (100)

Gender M/F n (%) 25(78.1)/7(21) 25(80.6)/6(19.4) 50 (79.4)/13 (20.6) 0.526

Age (year)a 36.7 ± 12.7 37.6 ± 12.8 37.2 ± 12.7 0.797

Height (cm)a 172.7 ± 10.2 172.5 ± 9.04 172 ± 9.58 0.934

Weight (kg)a 78.6 ± 15.7 78.09 ± 12.8 78.3 ± 14.2 0.878

BMI (kg/m2)a 26.4 ± 5.59 26.2 ± 3.7 26.3 ± 4.7 0.857

Size of stone (mm)a 8.12 ± 3.16 8.8 ± 2.87 8.46 ± 3.02 0.375
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Association of Urology (EAU) and American Urological

Association (AUA) [4].

It is known that impacted ureteric stones are more

resistant to SWL [14]. An impacted stone causes ureteral

edema within 24–48 h [6, 17, 18]. It has been observed in

histopathologic evaluations that the mucosa, which the

stone is in contact with, gains a hyperplastic appearance

within 48 h due to the increased mitosis [18]. Ureteral

edema narrows the expansion area that is required for

lithotripsy and removes the fluid between the stone and the

tissue [7]. For this reason, it seems logical to perform SWL

within 24 h before ureteral edema develops. We aimed to

study whether a SWL procedure is advantageous before

edema develops in the ureter by evaluating the success of

the first SWL session in particular on the third day after the

procedure. Furthermore, the success rate of SWL after

three sessions was also evaluated to see the effectiveness of

immediate SWL in time.

Ureteral calculi smaller than 5 mm can pass spontane-

ously, and an expectant follow-up is a reasonable approach

Table 2 Stone locations,

laterality, grade of

hydronephrosis, pain type,

number of shock waves, amount

of energy, pain score, nember of

treatment sessions according

to treatment groups

Immediate Delayed

N % N %

Laterality

Right 14 43.8 9 36.5

Left 18 56.2 22 65.5

Location

Upper 21 65.6 20 64.5

Middle 2 6.2 4 12.9

Lower 9 28.1 7 22.5

Hydronephrosis

0 3 9.4 1 3.2

1 18 56.2 12 38.7

2 11 34.4 12 38.7

3 – 0 6 19.4

Pain

Acute 19 59.4 9 29

Chronic 13 40.6 22 71

Shock number

1st session 3,187 ± 595 3,187 ± 661

2nd session 3,416 ± 204 3,349 ± 311

3rd session 2,875 ± 629 3,375 ± 353.5

Amount of energy applied (Joules)

1st session 70.8 ± 36.4 71 ± 31.4

2nd session 105 ± 34.6 85.8 ± 36.6

3rd session 76.1 ± 43.7 92 ± 27.4

Pain score

1st session 4.56 ± 1.9 4.7 ± 2.1

2nd session 4.3 ± 2.8 4.6 ± 2.9

3rd session 3.75 ± 2.36 4.12 ± 3.44

Number of SWL session

1st session 26 81.2 17 56.6

2nd session 2 6.2 5 16.6

3rd session 4 12.5 8 26.6

Table 3 Success rates after first

SWL treatment according to

groups

* Chi-square test, ** Kruskal–

Wallis test

Third day after first SWL session Immediate SWL n (%) Delayed SWL n (%) p* p**

Stone-free 17 (53.1) 12 (40.0) 0.353 0.105

CIRF 9 (28.1) 5 (16.7) 0.285

Failure 6 (18.8) 13 (43.3) 0.108
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for these stones. Spontaneous passage rate decreases sig-

nificantly when the stone diameter exceeds 4 mm, i.e, 48

and 25 % for stones with diameters 7–9 mm and greater

than 9 mm, respectively [5]. Stones in our study were

bigger than 4 mm. The fact that only one patient out of 31

in the delayed group passed his stone spontaneously sup-

ports the idea that expectant follow-up for ureteral stones

bigger than 4 mm may not be beneficial, and immediate

SWL may be a better approach.

It is known that stone size is an important parameter in

the success rate of SWL, which differs significantly

between ureteral stones smaller and bigger than 1 cm

[19, 20]. Our study also shows that as stone size gets bigger,

the number of SWL sessions, which are required to elimi-

nate the stone, increases as well. Stone-free rate in the third

month after SWL is 82 % for upper ureteral stones, 73 %

for middle ureteral stones, and 74 % for lower ureteral

stones according to the AUA and EAU guidelines [5]. In our

study, the average stone-free rate within the first 1.5-month

period (1–41 days) for 43 cases required only one SWL

session was statistically higher in the immediate SWL

group independent from stone size (p = 0.037). When

SWL success after one SWL session was assessed accord-

ing to stone location, the success rate was higher for upper

ureteral stones in the immediate SWL group (p = 0.019).

On the other hand, the success rate was similar between the

two treatment groups in middle (p = 0.414) and lower

(p = 0.071) ureteral stones, which might be due to the

insufficient number of cases for subgroup analysis.

There are few studies evaluating the outcome of

immediate SWL in ureteral stones. In some of the studies,

only the patients with upper ureteral stones were evaluated

[12–14], while in others, stones in all locations of the ureter

were studied [1, 9, 11], as in our study. The methodology

of each study was different; Tombal et al. compared SWL

to medical treatment, while Seitz compared patients with

colicky pain to those that do not have colicky pain [12].

Tombal et al. [11] reported that they performed an imme-

diate SWL procedure within the first 6 h from the onset of

the pain, which proved to be more successful than medical

treatment in patients with upper ureteral stones . It has been

found that stone-free rate was higher and hospitalization

time was shorter with the use of immediate SWL procedure

for upper ureteral stones. Seitz et al. [12] found stone

clearance time accelerated when immediate SWL was

applied. Our findings are compatible with these results.

Patients with upper ureteral stones and colicky pain who

underwent a SWL procedure within first 24 h of referral

were compared to those with no colicky pain who under-

went an elective SWL procedure 5 days after referral.

Stone clearance time and success rate were similar and

independent of concomitant hydronephrosis [13]. Kumar

et al. [14] reported that disintegration rate and time to

stone-free status was longer, though statistically insignifi-

cant, when SWL was performed later than 48 h after the

onset of pain in their randomized study including symp-

tomatic patients with single 1 cm or larger radioopaque

upper ureteral stones. They also found that the number of

SWL sessions and the need for additional interventions

increased with time [14]. Our study showed that stone

clearance time was longer in the delayed SWL group

(p = 0.033) and there was an increasing need for addi-

tional procedures (19.4 %). Furthermore, our study sug-

gests that stone-free rate after first session was significantly

lower in cases with chronic pain and included in the

delayed SWL treatment group when compared with those

in immediate SWL group. Residual stone size was smaller

in the immediate SWL group on the third day after first

session, which was close to statistical significance

(p = 0.053). Time to stone clearance was shorter in 26

patients undergoing immediate SWL out of total 43 cases

requiring only one SWL session, as well as it was also

shorter in immediate SWL group after three sessions,

though statistically insignificant. Success and failure rates

were similar after three sessions while immediate SWL

appeared more successful after first session, and this sug-

gests that SWL should be performed in the early period in

patients with colicky pain due to ureteral stones. From this

viewpoint, patients from the immediate SWL group who

did not pass their stones had a similar clinical picture to

those patients from the delayed SWL group during follow-

up.

In some of the previously published studies, it has been

reported that the presence and the grade of hydronephrosis

determined with ultrasonography before SWL have no

impact on elimination of stones and treatment outcome

[13, 16–20]. Similarly, it has been found out that hydro-

nephrosis has no impact on stone disintegration or the time

to stone-free status (p = 0.769) in our study. On the other

hand, a borderline relationship (p = 0.051) between grade

of hydronephrosis and need for SWL sessions has been

detected. This indicates that a higher number of interven-

tions are needed for the elimination of impacted stones.

Table 4 After first session, success rate of immediate and delayed

SWL

Immediate SWL Delayed SWL p

N % N %

Success 26 81.2 17 56.7 0.002

Failure 6 18.8 13 43.3

Stone location

Upper ureter 17/21 80.9 11/20 55 0.019

Middle ureter 1/2 50 3/4 75 0.414

Lower ureter 8/9 88.8 3/6 50 0.071
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Although no significant relationship has been determined

between the level of hydronephrosis and SWL success

(p = 0.454), it was observed that as the level of hydrone-

phrosis increased, the number of required SWL sessions in

order to achieve the same outcome increased. Hydrone-

phrosis has been identified more frequently in the delayed

SWL group. When all the patients were separated into four

groups according to hydronephrosis grade and treatment

time (immediate or delayed), success after first session was

the least in patients with severe hydronephrosis and

underwent a delayed SWL procedure. This seems to sup-

port that hydronephrosis grade is related with an impacted

stone.

The necessity for post-SWL additional procedure (URS)

for ureteral stones has been reported as 5.5 % by Tligui

et al. [21], 21 % by Tombal et al. [11] and 19.8 % by Seitz

et al. [18]. In our study, additional procedures were

required in only 12.7 % of the cases and it has been found

that additional procedures are required in patients from the

delayed SWL group, though this was statistically insig-

nificant. Immediate SWL reduces the need for additional

sessions, while it seems that it also reduces the need for

post-SWL additional procedures. To further support this

statement, other studies including higher number of cases

should be performed.

Conclusions

Immediate SWL insures stone-free status in a shorter time

in cases with renal colicky pain and ureteral stones, par-

ticularly upper ureteral stones. Moreover, it reduces the

need for additional SWL sessions and additional proce-

dures (URS). In determining the success of immediate

SWL, evaluating the cases on the third day after first SWL

session is important since those cases requiring a second

session follow a clinical course like the cases in the delayed

SWL group because of developing ureteral edema. Our

findings suggest that immediate SWL is useful in insuring

stone-free status in the shortest time possible and/or in

deciding whether additional procedures are necessary for

cases referring with renal colicky pain and ureteral stones.
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