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Abstract

45 adult patients with single, unilateral renal stones without backpressure
changes attended to Cairo University Hospital during 1990 and 1991
were treated with ESWL. All cases were subjected to radionuclide renal
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studies using 1311-OIH and 99mTc-DTPA done preimmediate post-, and
3 months post-ESWL. No significant changes of total renal ERPF and
GFR could be detected.

Treated kidneys GFR, GFR%, ERPF, %ERPF and Tmax showed no
significant changes after ESWL except for a transient significant
improvement of their Tl/2 (P < 0.04); that occurred immediately after
ESWL. Contralateral kidneys showed only transient statistically
significant improvement of both % GFR and Tl/2 (P<0.02 and < 0.004
respectively). Regional evaluation of the stone bearing zones revealed
transient significant deterioration of their regional ERPF (P < 0.03).

We found that shocks < 3500 caused transient significant
improvement of treated side ERPF, whereas > 3500 shocks caused the
reverse (P < 0.05). Moreover, power index (number of shocks X KV)
>55OOO caused deterioration of their GFR that persisted up to 3 months
(P < 0.03).

Conclusion: ESWL therapy is safe method for treatment of renal
stones with no significant functional changes.

Introduction

Extracorporeal shock wave lithotripsy (ESWL) is a new modality
used for treatment of renal calculi. The principle on which ESWL works
is based on generation of ultrashort shock waves that are directed over
the stone using focusing and positioning systems respectively (1,2)

Although ESWL has been perceived to be safe, numerous recent
reports have presented that ESWL may cause acute effects or induce
chronic complications (3).

The aim of this study is to determine the immediate and 3 months
post-ESWL functional changes on the renal tissue of the treated kidney
as well as their effects on the contralateral kidney using radionuclide
renal studies.

Material and Methods :

Forty five adult patients who underwent ESWL treatment for
unilateral renal stones at Cairo University Hospital during 1990 and
1991. They were selected according to the following criteria :

l.A solitary stone who average size is 1-l.S cm in longest diameter.
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2. Intravenous uropgraphy of all of them are either normal or with
minimal backpressue changes of the treated kidney and
normal contralateral one.

3. The stone is either calyceal or renal pelvic one.

The work up of all patients included laboratory, abdominal
sonography and a radionuclide renal studies. 99mTc-DTPA (Gates,
1982) using 3-5 mCi intravenous with rapid dynamic frames every 15
seconds for 6 minutes for calculation of glomerular filtration rate. 131
I-Hippuran using 200-400 uCi intravenous (Tauxe and Dubovsky,
1985) with rapid frames every 15 seconds for 30 minutes for generation
of renogram curve. Also, estimation of effective renal plasma flow was
calculated.

Every patients was treated by Dornier HM4 lithotripter between
800-4500 shock waves over a period of 30 - 120 min. according to
response of the stone. The applied voltage ranged from 17-23 Kv and
power index (KVX number of shocks) ranged from 1 60000 - 86000.
The shattered stone fragments are flushed out in urine over subsequent
days or weeks.

Immediate post-ESWL radionuclide renal studies were repeated
within 48 hours or all patients as well as 3 months later when patient was
stone-free.

RESULTS:

1.Quantitative evaluation of total renal functions:

Neither total ERPF nor total GFR showed any statistical significant
changes immediately post-ESWL (P > 0.05).

Three months post-ESWL, total ERPF and total GFR showed
detectable decrease of their mean values. However, such changes were
statistically insignificant (Table I ).
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TABLE (1):CLINICAL DATA OF 100 PATIENTS TREATED BY
ESWL:

CLINICAL
PARAMETER

Stone size
< 1 cm
1 - 1.5 cm

Stone Site :
Calyceal
Pelvic

Number of Patients Evaluated

Pre-ESWL

75
25

65
35

Immediate Post-
ESWL

75
25

65
35

3 months
Post-ESWL

34
1 1

30
15

2-A-Quantitative assessment of tubular function of treated kidneys
(131 I-OIH):

No appreciable immediate nor 3 months post-ESWL changes in
tubular functions of the treated kidneys as assessed by ERPF, %ERPF,
and Tmax. The only significant changes was the decrease of immediate
post.ESWL Tl/2 that changed from 9.9+3.8 min. pre.ESWL to 7.8+5.0
min. immediately post.ESWL (P < 0.04). Moreover, this immediate
post.ESWL value prolonged to 8.4+4.2 min on 3 months follow up.
Such prolongaton was statistically insignificant (table 2).

TABLE (2): PRE-IMMEDIATE, AND 3 MONTHS POST-
ESWL RADIONUCLIDE TUBULAR FUNCTIONS OF THE
TREATED KIDNEYS IN 45 PATIENTS.

Treated kidneys
tubular
functions
ERPF
% ERPF
Tmax
Tl/2

Pre-ESWL

222.4 + 60.5

49.8 + 9.4

7.2 + 4.1

9.9 + 3.8*

Immediate
Post-ESWL

219.3 + 76.3
49.2 + 10.9
8.1 +4.5

7.8 + 5.0**

3 months
Post-ESWL

210.9 + 69.3

49.2 + 8.7

8.3 + 5.1

8.4 + 4.2***

P value

>0.05
>0.05
>0.05

< 0.01*,**
< 0.05*,**
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2.B-Quantitative Regional evaluation of the tubular functions of the
treated kidneys (131 I-OIH):

A statistically significant and transient reduction of immediate
post.ESWL regional ERPF was detected that returned back to more or
less pre.ESWL level after 3 months.

Also, there was a statistically significant and transient improvement
of regional Tl/2 immediately post.ESWL (Table 3).

TABLE (3) : PRE- IMMEDIATE, AND 3 MONTHS POST-ESWL
RADIONUCLIDE REGIONAL TUBULAR FUNCTIONS
OF THE TREATED KIDNEYS IN 45 PATIENTS.

Treated kicheys
regional Tubular
function

ERPE

% ERPF

Tmax

Tl/2

Pre-ESWL

108.1 +40.3*

49.3 + 10.0

8.1 +4.3

9.0 + 3.8*

Immediate
Post-ESWL

99.2 + 31.6

48.8 + 9.3

9.2 + 5.9

7.0 + 4.8**

3 months

Pos t -ESWL

109.2 +

39.0***

48.8 + 8.9

8.8 + 5.5

8.1 +3.6***

P value

< 0.03* **;***

>0.05

>0.05
<0.01*,**
< 0.05*,***

3.Quantitative assessment of GFR of the treated Kidneys (9 9 mTc-
DTPA):

Kidneys treated by ESWL showed slight decrease of their immediate
post.ESWL GFR and %GFR (both whole kidney and regional) that
persisted up to 3 months. Such changes were statistically insignificant
(Table 4).
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TABLE (4):PRE- IMMEDIATE, AND 3 MONTHS POST-ESWL
RADIONUCLIDE GLOMERULAR FUNCTIONS OF THE
TOTAL AND REGIONAL TREATED KIDNEYS IN 45
PATIENTS:

Treated kidneys
Glomeiular
functions

Total
GFR
%GFR

Regional
GFR
%GFR

Pre-ESWL

40.2 + 0.6
49.6 + 9.7

14.3 + 11.5
48.3 + 9.0

Immediate
Post-ESWL

39.8 + 11.4
48.6 + 10.4

13.0 + 8.1
47.2 + 9.5

3 months
Post-ESWL

37.5 + 14.5
49.0+ 11.0

12.9 + 9.0
47.4 + 15.3

P value

>0.05
>0.05

>0.05
>0.50

4.Contralateral kidneys radionuclide functions:

Contralateral kidneys showed only transient statistically significant
improvement of both %GFR and Tl/2 (P < 0.02 and < 0.004
respectively) (Table 5).

Analysis of implication of different parameters on the treated
kidneys functions revealed that power index (P.I.) < 55000 resulted in a
significant transient improvement of their ERPF, whereas higher level of
P.I.(> 55000) resulted in a slightly transient decrease in their mean
value. However, such changes was statistically insignificant.

Similar slight improvement of other renal functions including %
ERPF, Tmax, and Tl/2 were also seen in cases treated with P.I. < 55000
compared to the slight decrease of their function in cases receiving
P.I.>55000. However, these changes were statistically in significant
(P>0.05).
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TABLE (5):RADIONUCLIDE RENAL FUNCTIONAL CHANGES

IN RELATION TO POWER INDEX IN 45 PATIENTS

(PRE-, IMMEDIATE, AND 3 MONTHS POST-ESWL)

Radonudide

Renal

Function

ERPF:

< 55000

> 55000

% ERPF:

< 55000

> 55000

T max :

< 55000

> 55000

Tl/2:

< 55000

> 55000

GFR:

< 55000

> 55000

% GFR:

< 55000

> 55000

No. of

Patients

13

32

13

32

13

32

13

32

13

32

13

32

PRE-ESWL

222.7+56.9*

209.1+64.6*

51.9+6.5*

48.9+10.2*

7.9+3.9

6.8+4.2

9.1+3.8

9.2+3.0

42.8+12.7

40.2+11.1

49.6+9.4

49.7+9.9

ESWL

IMMEDIATE

POST-ESWL

248.9+72.8**

206.7+74.4**

53.6+9.6

47.8+11.2

7.5+4.8

8.3+4.7

8.6+4.5

7.7+5.4

44.2+11.8

38.8 + 11.4**

50.4+8.5

48.1+11.7

3 MONTHS

POST-ESWL

234.9+57.5

208.6+72.3

52.7+7.5

47.7+8.8

7.5+4.9

8.7+5.2

7.7+2.9

8.7+4.7

45.4+18.9

34.2+10.9***

49.5+8.5

47.7+11.7

P

<0.04*,**

<0.05**,***

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05*,**

<0.05**,**

<0.05

<0.05

Regarding glomerular functions, a decrease in GFR mean value was

detected in patients receiving > 55000 P.I with significant further

decrease at 3 months post-ESWL evaluation (P< 0.03). Such change was

not seen in patients treated by P.I.< 55000 (Table 5).

There was significant improvement in tubular functions of those

cases treated by < 3500 shocks as measured by ERPF and Tl/2

immediately after ESWL (P < 0.05 and < 0.03 respectively), whereas

higher number of shocks, > 3500 resulted in a significant decrease of
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their immediate post ESWL ERPF (P < 0.05). No appreciable changes
of glomerular functions could be detected in relation to the number of
shocks (Table 6)

TABLE (6): RADIONUCLIDE RENAL FUNCTION CHANGES IN
RELATION TO NUMBER OF SHOCKS IN 45 PATIENTS

(PRE-JMMEDIATE POST-, AND 3 MONTHS POST-
ESWL)

Radonuclide
Renal
Function

ERPF:

< 35000

> 35000

% ERPF:

< 35000

> 35000

T max :

< 35000

> 35000

Tl/2:
< 35000

> 35000

GFR:

< 35000

> 35000

%GFR:

< 35000

> 35000

No. of
Patients

32

13

32

13

32

13

32

13

32

13

32

13

PRE-ESWL

220.9+55.5*

218.1+76.6*

50.6+8.7*

47.8+10.7*

7.3+4.1

8.8+4.3

10.2+3.9*

8.7+3.9

39.8+11.4

43.3+11.9

50.1+10.1

48.6+8.0

ESWL

IMMEDIATE

POST-ESWL

243.1+72.7**

185.6+75.2**

50.0+10.5

48.2+12.4

7.4+3.8

9.5+5.8

8.4+5.2**

6.9+4.1

40.8+12.0

39.1+11.1

50.1 + 10.1

48.3 +10.9

3 MONTHS

POST-ESWL

217.7+63.4***

211.4+85.3***

49.9+8.3

47.5+9.5

7.7+4.7

10.1+5.7

8.8+4.5***

7.6+3.7

37.7+15.7

36.6+11.1

48.8+12.1

46.7+8.0

P

<0.05*,**

<0.003**,***

<0.05*,**

<0.05**,***

<0.05

<0.05

<0.05

<0.05

<0.03*,**

<0.05**,***

<0.05

<0.05

<0.05

<0.05

<0.05
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Discussion :

Although ESWL has been introduced as a non-invasive and
effective methods for treating renal calculi, it may be associated with
complications that may require further management (3)

The effects on renal function is one of the possible adverse
consequences of ESWL for which radionuclide renal studies before,
immediately after, and 3 months post.ESWL were evaluated in this
study.

(l)Total Renal functions:

The present study revealed that ESWL had no effect on either total
ERPF or total GFR. These agree with results reported by Stoll et al.,
(1987) (6), Daniel and Burn, (1990) (7), and Ilgn et al., (1992) (8).

(2)Treated Kidneys :

2.A.Tubular functions:

ESWL was associated with relief of local obstructive effect of the
stone as evident by the statistically significant transient decrease of T1/2
and regional Tl/2 of the treated side.

on the other hand, neither treated kidneys ERPF nor % ERPF were
associated with statistically significant changes after ESWL. These agree
with results reported by Stoll et al. and Daniel and Burn (6,7). on the
contrary, Wiliam et al., (9), reported significant decrease in % ERPF of
the treated side immediately post.ESWL. However, such difference was
attributed to the use of different type of lithotripters with different
methods of generation and focusing of shock waves (8).

Although, power index < 55000 resulted intransient improvement
of treated side ERPF, power index > 55000 resulted in a significant
adverse effect on their GFR that persisted up to 3 months post.ESWL,
whereas, < 3500 shocks were associated with transient improvement of
Tl/2 as well as increase of ERPF of the treated kidneys. Transient early
reduction of GFR and ERPF of the treated kidney were detected in cases
receiving > 3500 shocks. Moreover, this study revealed that ERPF was
sensitive to number of shocks >3500 resulted in a significant transient
immediate post.ESWL decrease of the treated side ERPF. Similar results
were reported by Hegazi et al., (1988) (10).
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(3)Untreated side:

ESWL was proved to be associated with functional improvement of
the untreated kidneys, as evident by statistically significant transient
improvement of their immediate post.ESWL %GFR and Tl/2. A
possible explanation could be a reflex autonomic response to renal
pelvic stimulation occurring with stone of fragmentation by shock
waves.

To conclude:ESWL therapy is a safe method for treatment of renal
stones with no significant functional changes.
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