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Objective To report a prospective, randomized study to

determine whether prophylactic extracorporeal

shockwave lithotripsy (ESWL) is justi®ed as a treat-

ment for small, asymptomatic calyceal stones.

Patients and methods The study included 228 patients

with small (<15 mm total diameter) asymptomatic

calyceal stones; 113 patients were randomized to

undergo ESWL and 115 to the control group who

were kept under observation. Outcome measurements

included the stone-free rate, requirement for addi-

tional treatment, symptoms, quality of life and renal

function.

Results In all, 200 patients had at least one annual

follow-up; all outcome measurements reported were

those at the most recent follow-up (mean 2.2 years,

range 1±5). In the ESWL group 28 patients (28%)

were stone-free, compared with 16 (17%) in the

observation group (odds ratio 1.95, 95% con®dence

interval, CI, 0.97±3.89, P=0.06). Additional treat-

ment in the form of analgesics, antibiotics, ESWL,

stent insertion and ureteroscopy, was required in 21

(21%) patients in the observation group and 15 (15%)

in the ESWL group (odds ratio 0.66, 95% CI

0.32±1.37, P=0.27). Ten patients in the observation

group required invasive procedures, vs none in the

ESWL group. There was no evidence of differences in

the symptoms, quality of life or renal function tests

between the arms of the trial at the ®nal follow-up.

Conclusions Prophylactic ESWL for small asymptomatic

renal calyceal stones does not appear to offer any

advantage to patients in terms of stone-free rate,

quality of life, renal function, symptoms or hospital

admissions. However, a policy of observation is

associated with a greater risk of requiring more

invasive procedures. A longer follow-up is required to

assess the validity of these preliminary ®ndings.
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Introduction

Over the last 100 years there has been an increase not

only in the incidence of renal calculi in adults, but also in

new minimally invasive methods of treatment [1,2]. The

introduction of ESWL coincided with an increase in the

number of small calyceal stones being treated. In a USA

co-operative study reported in 1986, 36% of all stones

treated were <10 mm in diameter [3] while in more

recent reports more than half the stones were < 10 mm

in diameter [4,5]. The treatment of calyceal stones

causing minimal symptoms has also increased [6].

Before the introduction of ESWL small asymptomatic

and minimally symptomatic calyceal stones were man-

aged expectantly. Some clinicians advocated prophylactic

treatment on the basis that it might prevent the

complications of renal colic, haematuria, infection or

stone growth [7,8]. The rationale for treating small

asymptomatic calyceal calculi is not only that the risk of

these complications is reduced, but also that the need for

more invasive procedures with potentially higher mor-

bidity are avoided. To date there has been no randomized

controlled trial to investigate whether small asympto-

matic stones should be treated by ESWL or not. This

preliminary report is based on a randomized controlled

study comparing treatment (ESWL) with no treatment

(observation) of small (<15 mm) asymptomatic calyceal

stones.

Patients and methods

The study was conducted in the lithotripsy units at

Southmead Hospital, Bristol and Withington Hospital,

Manchester, UK, between September 1991 and

September 1997. Patients were recruited from urologists

within the South-west and the North-west Regions. TheAccepted for publication 11 October 2000
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primary outcomes were the stone-free rate and any

requirement for additional treatment. The secondary

outcomes were symptoms, stone burden, quality of life,

and renal function.

Any patient with asymptomatic or minimally sympto-

matic single or multiple calyceal stones of a combined

diameter of f15 mm in a single kidney on a plain ®lm of

the kidneys, ureters and bladder (KUB) was eligible for

inclusion. Patients with a history of treatment for renal

stones by open surgery, percutaneous renal surgery, or

ESWL were included if they had remained symptom-free

for at least 6 months. All patients referred to the study

completed a pain-assessment questionnaire before ran-

domization. Patients experiencing symptoms of loin pain

or colic requiring strong analgesics, or dull ache/mild

pain at least once a week were excluded. Other exclusion

criteria were bleeding disorders or anticoagulant therapy,

pregnancy, treatment for infertility, medullary sponge

kidney, stones in calyceal diverticula or cysts, radiolucent

stones and obesity (>100 kg).

After obtaining informed consent, patients were

randomized at each centre to ESWL or observation by

the investigator, using sealed and numbered envelopes.

Those patients with bilateral stones were randomized as

`one patient' and not separately for each kidney. Baseline

information collected included symptoms, past history of

urinary stones, any previous treatment of stones, details

of the present stones, a MSU sample of urine for culture

and sensitivity, and renal function tests (blood urea and

serum creatinine). The following details of the stone(s)

were also recorded; maximum diameter of the largest

stone, combined maximum diameter of all the stones in

the calyces, number of stones, side, and position of all the

stones with reference to upper, middle and lower calyces

from the KUB and IVU.

Patients randomized to the ESWL group underwent

treatment according to a standard protocol as follows. A

single treatment was administered, after which fragmen-

tation was assessed by a KUB. Further treatment was

given if the fragmentation was felt to be incomplete and

repeated until all fragments were <5 mm whenever

possible. If there was no response to treatment after three

treatments, no further treatment was given. If there was

a good response to the treatment a KUB was taken within

4±6 weeks, when the need for further treatment was

reassessed. If no further treatment was needed, a further

KUB was taken at 3 months. Patients who were rendered

stone-free were reviewed annually with a KUB. Patients

with small residual stones were reviewed at 6 months

and at a year with a KUB.

Patients randomized to ESWL at Bristol were treated on

the Lithostar tube-C (Siemens, Germany) throughout the

trial. Patients randomized to ESWL at the Manchester

centre were treated on a Lithostar tube-C until November

1994; the machine at Manchester was then changed

to a Siemens Multiline tube-M. The following treatment

details were recorded: number of shocks delivered,

maximum power of the shocks delivered, type of

analgesia required, complications during and immedi-

ately after the treatment and assessment of fragmenta-

tion. The kilovolt values were converted to power levels

before analysis.

In the observation group, patients received no treat-

ment unless symptoms developed; the subsequent treat-

ment of these patients depended on the clinical

presentation and the current practice at the admitting

hospital.

At the annual follow-up each patient was assessed

with a KUB, urine culture, blood urea and serum

creatinine assay. Patients completed a health and

quality-of-life questionnaire which included details on

general health, quality of life (the Nottingham Health

Pro®le), symptoms, additional treatment and/or medica-

tion relating to stone disease. From the KUB, the site, size

and number of stones were recorded with particular

reference to any change in size or new stone formation. If

the patient had received additional treatment for renal

calculi since the previous visit, a questionnaire was sent

to the GP and the hospital consultant to ascertain details

about the treatment and time spent in hospital. Where

the patient did not attend after two invitations for follow-

up information was sought about the stone burden,

hospital admission and interventions from the referring

physician.

Because there were problems in obtaining follow-up

data on some patients, particularly at the Bristol centre,

not all patients have a complete follow-up history.

However, strenuous efforts were made to follow patients

during the last year of the trial. Thus all outcome data

presented are from the most recent annual follow-up

completed for each patient. This choice of outcome gives

the most patients (and thus the highest power) and

maximizes the use of long-term follow-up data.

The trial was calculated to require 240 patients to

have 90% power of detecting a difference at the 5%

signi®cance level between a prevalence of a categorical

variable of 50% in one arm of the study and >70% or

<30% in the other. Data were analysed according to the

treatment group assigned, irrespective of what treat-

ments were actually received. The univariate relationship

between each continuous outcome and treatment (ESWL

or control) was examined using Student's t-test (for

normally distributed data) or the Mann±Whitney U-test

(for skewed data). The chi-squared test was used to

investigate the univariate relationship between treat-

ment and each categorical outcome. Where there were

too few samples for the chi-squared test, Fisher's exact

test was used.
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Where there was some evidence of a univariate

relationship between the outcomes and treatment

(P<0.1), and for those outcomes deemed a priori to be

of clinical signi®cance (likelihood of follow-up, hospital

and GP visits, stone-free rate) a model was ®tted

including treatment and predetermined potential con-

founding factors. Logistic regression was used to relate

each of these binary outcomes to treatment, adjusting for

the confounding variables. The confounding variables

were; time since randomization, area (Bristol or

Manchester), age, sex, body mass index (BMI), number

of stones initially (1,>1), size of initial stones (mm), any

previous stones (yes, no), any initial stones in lower calyx

(yes, no), and ESWL treatment before randomization (yes,

no). The Hosmer-Lemeshow test was used to examine the

goodness-of-®t for each logistic regression model.

Although the main comparisons presented are unad-

justed for the factors listed above, backwards stepwise

elimination was used to examine the sensitivity of the

results to the factors chosen a priori as potential

confounders. This is because they might not actually

be confounding variables, in which case adjustment may

result in imprecise estimates of the treatment effect, and

wide con®dence intervals. The value used for elimination

was P>0.1. Treatment group, study area and time since

randomization were retained in each model regardless of

their P values. To examine any interaction between the

effectiveness of treatment and size of initial stones, the

analysis was repeated using only those patients with at

least one initial stone of > 4 mm in diameter. The study

was approved by the local hospital ethical committees.

Results

Of the 324 patients referred to the trial, 81 were not

eligible or declined to take part (Table 1); thus 243

patients were randomized. Of these, 15 patients withdrew

from the trial before baseline details could be collected;

the reasons for trial termination were ineligibility (one

patient from each group), malignancy (one per group),

and refused treatment (three ESWL group). The reason

for trial termination was not speci®ed for eight patients

(four per group). Thus baseline data were available for

228 patients, 113 (91 men and 22 women) in the ESWL

arm and 115 (98 men and 17 women) in the observation

group. The baseline demographic data are summarized in

Table 2.

The blood urea, serum creatinine, calcium, phosphate

and urate levels for both groups are also presented in

Table 2, with the data collected on the baseline kidney

stones. Fewer patients undergoing ESWL than in the

observation group had multiple stones, and fewer had

stones on both sides. Of the 169 patients (74%) with a

history of previous urinary stones, 73 (43%) had received

treatment (Table 2). This was as ESWL in 21, percuta-

neous nephrolithotomy (PCNL) in 12, open renal surgery

in four, open ureterolithotomy in 13 or endoscopy in 19.

In the treatment group the stone could not be located

by the X-ray screen in nine (9%) patients and

consequently no treatment was given. A mean (SD) of

5281 (3462) shocks were administered per patient, with

a mean (SD, range) power level of 4.6 (1.4, 0.7±7.5), over

1.75 (1±6) sessions, with 46 patients (46%) receiving

more than one treatment. By the ®nal treatment session,

there was complete stone fragmentation in 32 patients

(34%), partial fragmentation in 49 (52%) and no

fragmentation in 14 (15%). During the treatment 35

patients (36%) reported pain, 11 (12%) felt nausea but

none vomited; ECG recording included four (4%) with

ectopic stones, nine (10%) with bradycardia but none

required cessation of treatment or intervention for this.

Three patients (3%) were hospitalized within a week of

treatment with renal colic, but none required operative

intervention.

Twenty-eight patients (12%) failed to attend for any

follow-up; in one this was because the patient moved

residence and in one because the patient died from an

unrelated cause. No follow-up data were obtained from

the referring physician for 26 patients (12 randomized to

treatment and 14 to the control group). The only factor

related to the likelihood of being followed up was the

study area; the Bristol centre had a lower follow-up rate

(80%) than the Manchester centre (99%).

In all, 200 patients (88%) completed at least one

annual follow-up (101 in the ESWL and 99 in the

observation group). Of these, 184 (92%) had complete

data on all potential confounders (93 in the ESWL and 91

in the observation group). The mean (SD) time from

randomization to ®nal (most recent) follow-up was 2.2

(1.29) years for the ESWL and 2.2 (1.20) years for the

observation group. All the reported results are from the

most recent annual follow-up completed for each patient.

A greater proportion of patients in the ESWL group

(28%) were stone-free than in the observation group

(17%) (Table 3). After adjustment for confounding

factors, there was little evidence of a difference in

Table 1 Reasons for not participating in the trial (from 324 referrals)

Reason Number of patients (%)

Patients declined to take part 34 (10)

Medullary sponge kidney 9 (2.7)

Recent treatment for this stone 8 (2.5)

High symptom score 22 (6.8)

No stone seen on X-ray 6 (1.9)

Large stone (>15 mm) 1 (0.3)

Pregnancy 1 (0.3)

ESWL FOR SMALL RENAL CALYCEAL STONES 3

# 2001 BJU International 87, 1±8



stone-free rates between the groups (Table 3). The stone

passed spontaneously in nine patients in the observation

group with no intervention; a further seven patients in

this group were stone-free after intervention.

The ESWL group had fewer patients (30%) with large

residual fragments (LRF, de®ned as residual stones with a

combined diameter of >5 mm) than in the observation

group (58%; Table 3). An overall decrease in stone

burden, de®ned as an improvement on the KUB, was

more likely in the ESWL than in the observation group

(Table 3). Adjustment for confounding variables did not

alter these conclusions (Table 3).

Fifteen patients (15%) in the ESWL group required

some form of further treatment (analgesics, antibiotics or

a procedure) whereas 21 (21%) did so in the observation

group. There was little evidence of a difference between

the groups in the proportion of patients requiring further

treatment and this did not change after adjusting for

confounding factors (Table 3). Included in the 15

patients in the ESWL group are two patients who were

randomized but never treated.

In all, 49 additional procedures were required in 20

patients in the observation group (range 1±16); in

contrast, only nine additional procedures in three

patients were required in the ESWL group (range 1±4).

Additional treatment in the observation group consisted

of ESWL in 18 patients, ureteroscopy in six and ureteric

stent placement in four. Twelve invasive procedures

(excluding stent removal) were carried out in eight

patients in the observation group. Six of the observation

group required more than one modality of treatment. By

comparison, in the ESWL group, most patients were

Table 2 Baseline demographic data, previous stone history, blood test results and kidney stone data

Variable Observation ESWL

No. of patients 115 113

Mean (SD):

age (years) [range] 053.2 (12.8) [29±81] 053.7 (10.8) [25±76]

Weight (kg) 078.8 (13.0) 079.9 (13.2)

Height (m) 001.73 (0.09) 001.73 (0.08)

BMI (kg/m2) 026.4 (3.7) 026.7 (3.8)

Previous stones, n (%) 091 (79) 078 (70)

Treatment for 033 (29) 040 (36)

previous stones, n (%)

Blood tests:

Median (range) serum level of:

Urea (mmol/L) 005.55 (0±9.5) 005.40 (2.1±10.5)

Creatinine (mmol/L) 102.0 (69±152) 101.0 (64±167)

Calcium (mmol/L) 002.38 (2.08±2.85) 002.41 (2.15±2.86)

Phosphate (mmol/L) 001.02 (0.57±1.44) 001.03 (0.62±1.63)

Urate (mmol/L) 000.31 (0.08±0.62) 000.31 (0.11±0.64)

Kidney stone data, n (%)

Diameter of the largest stone (mm)

1±5 033 (29) 041 (37)

6±10 067 (59) 052 (46)

11±15 013 (12) 019 (17)

Total diameter (mm)

1±5 028 (25) 041 (37)

6±10 060 (53) 048 (43)

11±15 025 (22) 023 (21)

Number of stones

1 056 (49) 066 (58)

2 029 (25) 032 (28)

3+ 029 (25) 015 (13)

Site of stones

Left 058 (51) 067 (59)

Right 031 (27) 034 (30)

Both 025 (22) 012 (11)

Position of stones

Upper calyx 025 (22) 029 (26)

Middle calyx 038 (33) 026 (23)

Lower calyx 084 (73) 081 (72)
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managed with analgesics alone; only three had further

ESWL, while no patient required invasive intervention

such as stenting or ureteroscopy.

There was no evidence of a difference between the

groups in the proportion of patients having visited their

GP (21 in the ESWL and 24 in the observation group,

Table 3). There was some evidence that patients in the

observation group were more likely to be prescribed

analgesics than those in the ESWL group (17 and eight,

respectively, Table 3). However, after adjusting for

potential confounders there was less evidence of a

difference (Table 3).

There was little evidence of differences between the

groups in symptoms or patient quality of life (Table 4).

Four patients (4%) in the treatment group and ®ve (5%)

in the observation group reported their kidney stones to

have affected everyday life (odds ratio, OR, 0.76, 95% CI

0.20±2.91, P=0.69); two of the ESWL group and three

of the observation group had taken time off from paid

employment because of their kidney problem during the

preceding 6 months (OR 0.62, 95% CI 0.10±3.80,

P=0.67).

All the listed logistic regression models showed

adequate ®t to the data (all P>0.3). The sensitivity of

the adjusted ORs to the choice of confounders was

examined using backwards stepwise elimination to select

a ®nal model containing only factors with a P-value of

<0.1. These results did not differ markedly from the

adjusted ORs presented here, although the CI tended to be

narrower. There was little evidence of differences in renal

function between the groups (Table 4).

Discussion

The systematic assessment of the clinical ef®cacy, bene®ts

and cost of ESWL in a randomized clinical trial was

initially proposed in 1986. However, clinical opinion at

that time considered this to be unethical because the

treatment was already in widespread use and appeared

superior to open surgery and PCNL [9]. Glowacki et al.

[8], reporting in 1992 on the natural history of

asymptomatic urolithiasis, again advocated a rando-

mized controlled trial. Despite ESWL being in clinical use

for two decades, the present study is the ®rst randomized

trial to assess the bene®ts of ESWL in asymptomatic

patients.

The present preliminary ®ndings are from a clinical

randomized control trial comparing ESWL against

observation in patients with asymptomatic calyceal

calculi of <15 mm. The primary outcomes were the

stone-free rate, stone burden and the requirement for

additional treatment. The study showed some evidence of

a difference in the stone-free rate between ESWL and

observation over a median follow-up of 2.2 years,

although there was less evidence once the values were

adjusted for confounding factors. Although there was

little evidence of a difference between the groups in the

number of patients needing some form of additional

treatment (e.g. analgesics, antibiotics), patients in the

observation group required more procedures overall, and

more invasive procedures. However, this did not seem to

be re¯ected in improvements in quality of life or renal

function.

The stone-free rate after ESWL was low compared with

other reports [3±5,10±12], possibly caused by several

factors. Twelve patients (12%) in the ESWL arm did not

attend follow-up but may have been stone-free; 72% of

patients in the ESWL had lower calyceal calculi, which

are associated with lower clearance rates than stones at

other sites [11,13±15]. A further factor to consider when

comparing the results of studies is the device used;

second-generation lithotripters have been shown in a

randomized study to produce lower stone-free rates than

the original Dornier HM-3 machine [16].

While there was weak evidence of an increased stone-

free rate, there was evidence of a decrease in stone

burden in the ESWL group. However, it is not clear

whether such a reduction is clinically signi®cant. Streem

et al. [17] reported that the intervention rate for small

residual fragments increases to 40% over a 5-year period.

Table 3 Details of the kidney stones and outcome at the most recent follow-up

Variable

Observation

n=99, n (%)

ESWL

n=101, n (%) OR* (95% CI) P Adjusted OR (95% CI) Adjusted P

Stone-free 16 (17) 28 (28) 1.95 (0.97±3.89) 0.06 1.58 (0.68±3.67) 0.29

LRF 56 (58) 29 (30) 0.30 (0.17±0.55) 0.0001 0.26 (0.12±0.57) 0.001

Improved KUB 27 (28) 43 (44) 2.03 (1.12±3.69) 0.019 2.16 (1.09±4.24) 0.026

Visited GP 24 (24) 21 (21) 0.84 (0.43±1.64) 0.61 0.98 (0.45±2.11) 0.95

Requirement for 21 (21) 15 (15) 0.66 (0.32±1.37) 0.27 0.61 (0.27±1.40) 0.25

additional treatment

Prescribed analgesics 17 (17) 8 (8) 0.41 (0.17±1.01) 0.05 0.57 (0.21±1.53) 0.27

*OR of <1 indicates that the outcome is less likely in the ESWL than in the control group; ²Adjusted for confounding variables listed in the text; LRF,
large residual fragments (combined diameter >5 mm).
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Furthermore, stone fragments after ESWL may be more

likely to grow than an untreated stone, because of the

increased surface area. Further follow-up of these two

groups may provide support for this hypothesis. Indirect

evidence for a higher stone regrowth in ESWL patients

has been provided by several studies reporting higher

recurrence rates after ESWL than after PCNL [18±20].

The natural history of asymptomatic calyceal calculi

has not been well de®ned. Based on a study of 80 patients

with calyceal stones followed for a mean of 7.4 years,

Hubner et al. [7] suggested that 80% of calyceal calculi

will require intervention within the ®rst 5 years of

diagnosis. Glowacki et al. [8], based on a retrospective

cohort study of patients with asymptomatic calyceal

calculi, suggested a cumulative 5-year event probability

of 48.5%. The mean follow-up was 31.6 months with

68% of patients remaining asymptomatic at the last

follow-up and half the patients who had a symptomatic

event requiring intervention. The authors felt an

expectant strategy was associated with a signi®cant

risk of developing symptoms. More recently, Jewett et al.

[21] reported the intervention rates in 79 patients in the

observation arm of randomized controlled trial of ESWL

vs no treatment for asymptomatic calyceal and pelvic

stones of <2 cm. At 2 years 21.5% of patients in the

control arm required intervention for symptoms,

although these interventions were not described. A

longer follow-up resulted in 43% of patients requiring

or requesting intervention. Unfortunately the authors do

not comment upon the stone burden after treatment or

on admission rates for those patients treated with ESWL.

In the present study, over a mean follow-up of 2.2 years,

21 patients (21%) required additional treatment for

symptoms in the observation group.

In the present study there was little evidence for a

difference in the number of patients in each group

requiring additional treatment. However, there was a

difference in the nature of these additional treatments.

Eighteen patients in the observation group were

managed with ESWL, against three in the ESWL group,

and interventions required in the observation group were

more invasive. Six patients in the observation group

required ureteroscopy and four had a stent placed to

manage ureteric stones. This contrasts with the ESWL

group in which no patient required invasive treatment

and most were managed with analgesia or antibiotics.

Although there was little evidence that treatment with

ESWL lowered the stone-free rates or reduced the number

of patients requiring additional treatment, prophylactic

treatment with ESWL may prevent the need for more

invasive treatment of calculi and the consequent risk of

procedure-related morbidity.

Despite the weak evidence for a difference in symptom

prevalence between the arms of the trial, there was

evidence that patients in the observation group were

more likely to be prescribed analgesics. There was less

evidence for this association once adjusted for confound-

ing variables. However, the CI was very wide, suggesting

that an effect of ESWL on symptoms cannot be excluded.

There are several limitations of this study:

(i) Power; a sample size of 240 patients was estimated

at the outset, but only 200 patients completed a

minimum of one year of follow-up, largely because of

dif®culties in both recruitment and follow-up. The

Table 4 Symptoms and blood test results at the ®nal follow-up

Variable Observation ESWL OR (95% CI) P*

No. of patients 99 101

Symptoms during preceding 6 months, n (%):

Kidney pain 20 (22) 22 (24) 1.11 (0.56±2.22) 0.76

Pain passing urine 4 (4) 6 (7) 1.5 (0.41±5.50) 0.54

Backache 42 (44) 31 (32) 0.61 (0.34±1.10) 0.10

Used painkillers 17 (17) 18 (18) 1.21 (0.54±2.68) 0.65

Urinary infection 2 (2) 7 (7) 3.5 (0.71±17.31) 0.10

Blood in urine 6 (6) 6 (6) 0.97 (0.30±3.11) 0.96

Frequent urine 13 (14) 18 (19) 1.38 (0.64±3.02) 0.41

No pain from kidneys today 80 (82) 87 (90) 1.85 (0.80±4.27) 0.15

Blood tests:

No. of patients 74 76

Median (range) serum level of:

Urea, mmol/L 5.2 (2.9±11) 5.5 (2.4±10.3) 0.89

Creatinine, mmol/L 104 (72±832) 101 (64±862) 0.13

Calcium, mmol/L 2.38 (0.31±2.62) 2.36 (0.37±2.60) 0.28

Phosphate, mmol/L 1.02 (0.57±1.43) 1.03 (0±1.63) 0.48

Urate, mmol/L 0.55 (0.16±0.35) 0.52 (0±0.32) 0.16

*P from testing the hypothesis that the control and ESWL population proportions or medians are equal at the ®nal follow-up.
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dif®culties in recruiting for a study involving randomiza-

tion between treatment and observation in asymptomatic

patients should be apparent. These were confounded by

changes in the funding of the health service, which

provided a disincentive to the routine referral of patients

for ESWL. Although 243 patients were randomized, 15

withdrew and a further 28 (12%) did not attend the

follow-up. Failure to comply with follow-up among

patients with stone disease is not unique to this study.

Non-compliance with follow-up among patients with

renal calculi in both medical and surgical intervention

studies has been reported to be 5±20% [4,21±23]. The

loss of patients to follow-up may result in bias and

reduces the power of the study. The power of the study to

detect clinically important differences in rare outcomes

(e.g. use of analgesics) is less than that to detect

differences in the more common outcomes. Post hoc

power calculations show that the present study had 80%

power to detect an approximate doubling in all outcomes

considered, with the exception of prescription of analge-

sics, for which a threefold increase could have been

detected with 80% power.

Although this trial provided little evidence of differ-

ences between the groups in quality of life or use of health

resources, most of the results have wide CIs, and

particularly so when adjusting for confounding factors.

Thus an effect of ESWL upon outcome measures cannot

be excluded entirely. It is also possible that the quality of

life measures used were not sensitive enough to detect

differences between the groups, as they were only

administered annually.

(ii) Previous treatment; a signi®cant proportion of

patients in both groups had received previous treatment

for stones. In some instances this was previous

percutaneous or open renal surgery. Thus, the small

calculi present in some patients may represent intrarenal

calci®cation left from previous surgery. Such stones will

not respond to ESWL and are unlikely to cause

symptomatic events. This may partly explain the

relatively low stone-free rate in the ESWL arm. While

some authors have advocated `stir-up' treatment for

residual calculi after initial ESWL to improve stone-free

rates, the prognosis for clearance of such calculi is poor

[24].

(iii) Stone size; the visualization of small calculi may be

dif®cult, especially when ¯uoroscopy is used. Treatment

was not given to 9% of the ESWL group as the stones

could not be visualized by ¯uoroscopy because they were

too small. Furthermore, small calculi are likely to pass

spontaneously with no need for intervention; in retro-

spect, it would have been reasonable to set a lower limit

to the stone size as part of the inclusion criteria, to reduce

these potential sources of bias against ESWL. However,

re-analysis of the data excluding those patients with no

stone >4 mm in diameter did not materially change the

®ndings.

Although a longer follow-up is required to validate

these preliminary ®ndings, this study highlights the need

for assessing new health technologies by appropriate

randomized controlled trials, and the dif®culties and

pitfalls encountered in such studies.

In conclusion, these preliminary observations suggest

that prophylactic ESWL for small asymptomatic or

minimally symptomatic renal calyceal stones appears

to offer little advantage to patients in terms of stone-free

rate, hospital admissions or symptoms. However, a policy

of observation is associated with a greater intervention

rate, with the risk of morbidity associated with more

invasive procedures.
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