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Extracorporeal Shock Wave Lithotripsy:

Complications

Andrew P. Evan, PhD
Lynn R. Willis, PhD

Extracorporeal shock wave lithotripsy (ESWL)
for the treatment of urinary stones was intro-
duced to clinical practice in the early 19805,
Today, even with the refinement of endourologic
methods for stone removal, such as ureteroscopy
and percutaneous nephrolithotomy, ESWL
remains an important treatment for uncompli-
cated upper urinary tract caleuli,'? Although
considered to be highly successful, lithotripsy is
not & henign procedure, in that it is plagued by the
occurrence of adverse effects and increased rates
of significant injury linked to the use of high
acoustic output machines. Clinical expericnce
and studies with experimental animals treated
with the first lithotriptor (the Domier HM3) have
shown that a dose of shock waves sufficient to
comminute a stome invarably causes frauma to
the kidney. ™ This injury can be severe and can
lead to long-term complications such as new-
new-onset hypertension.® diabetes mellitus,”
and potentially brushite stone disease.™ More-
over, morbidity may occur following a techni-
cally successful procedure as a result of the stone
fragments produced. Complications following
ESWL treatment result from stone-related prob-
lems, infection, effects of treatment on tissue and
renal function, and a possible increased risk of
SIOTE TECUTTENCE.

In addition, recent siudies now show that the
present generation of “high-pressure” lithotriptors
produce low stone-free rates, high re-treatment
rates and an increased meidence of adverse
effecis.® ** Thus, a technology that should pro-
vide the best reatment option has become more
problematic. and the lithotriptor has become a
risk factor itself.

ACUTE AND CHRONIC RENAL
INJURY 1IN ESWL

ACUTE  EXTRARENAL DaMmace: CLINICAL
OmservaTions  ESWL can induce acute injury
toy all esctrarenal tissues that are within the bound-
arigs of the focused shockwave front 2527
Patients treated with an unmodified HM3 at 18 to
24 kV commonly complain of pain localized o
the posterior body wall {flank) near the site of
shock wave eniry and renal colic.®® Lithotrispy
manufacturers have attempted to reduce the
amount of flank pain by increasing the diameter of
the cntering shock front and have had some suc-

cess, ESWL has been associated with sigmificant
trauma to such organs as the liver and skeletal
muscle as detected by elevated levels for total
bilirubin, cholecystokinin, lactic dehydrogenase,
serum glutamic transaminase and creatinine phos-
phokinase within 24 hours of treatment 283!
These parameters begin to fall within 3 fo 7 davs
post-ESWL and are normal at 3 months. 1t should
be noted that most of these MNindings were associ-
ated with the use of an unmodified HM3, This
does not mean the unmaodified HM3 is more
prone to injury. The problem is that current clini-
cal studies reporting on the wse of second- and
third-generation machines have nadequately
reported side effects,

Gastric or dueodenal erosion with hematoma
formation are thought to represent one of the most
common extrarenal complications of ESWL ther-
apy* % with the potential of spillage of enteric
contents™ ™ and hematochezia. ¥ The incidence
of bowel perforation is not known, but if one uses
the data from the largest series ever reported
{19,960 patients), only one small bowel perfora-
tion was noted.”* Treatment in prone position
might be an additional risk factor and should be
used with caution. 3741

ESWL-induced injury to other extrarenal
organ systems has an incidence of §% or less, The
lung parenchyma is injured if exposed directly to
shock waves.*? Acute pancreatitis associated with
a marked rise in serum amylase and lipase levels
has been observed or an increase in amylase lev-
els in the absence of manifest pancreati-
1is?® 204 ae well as other forms of tissue
injury.*¥ Patients having a previous history of pan-
crealitis may be al a greater risk. %% ESWL-
induced splenic rupture may require a splenec-
tomy,*7* This complication may actually have a
higher incidence for the third-generation
machines characterized by tight focal zone and
high-gnergy. Other ESWL-induced complications
include, aortic anewrysms,*!=* iliac vein throm-
basis,** portal vein thrombosis,** scrotal bruis-
ing.” ™ and stimulation of the obturator
nerve. ! In the early vears of ESWL, it was rec-
ognized that shock waves could induce extrasys-
toles, thus, requiring electrocardiographic svn-
chronization with R-wave triggering on the
Dornier HM3 device, 3 More recent clinical stud-
ies, however, have concluded that ungating was
safe and effective in allowing patients with an
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abnormal cardiac thythm to be treated with the
same shock time as gated cases (normal cardipe
rhythm). %43 This was probably a mistake, in that
inereasing the rate of ESWL delivery reduces the
efficiency of stone breakage (sec “Chapter 3%,
“The Physics of Shock Wave Physics Lithotripsy™
and Chapter 40, “Treatment of Renal and Ureteral
Caleuli™).

ACUTE RENAL INmURY: CLINICAL ORSERVATIONS
A clinical dose of shock waves induces a consis-
tent and predicable pattern of acute structural
changes in the treated kidney characterized pn-
marily as a vascular insult with an acute inflam-
matory response, Gross hematuria always occurs
{within the initial 200 to 300 shock waves, for the
Dormer HM3}, generally resolving  within
12 hours*2%* and occurs regardless of the type of
lithotriptor employed. In fact, a lack of hematuria
indicates a problem with shock wave delivery. The
source of hematuria is direct injury to the renal
parenchyma within the region of the focused
shock wave % Morphologic studies using both
magnetic resonance imaging (MRI) and quantita-
tive radionuclide renography or computed tomog-
raphy (CT) have suggested that 63 to 85% of all
ESWL patients exhibit one or more forms of renal
injury within 24 hours of treatment, '#-0-64.66-71
values much larger than that reported by Chaussy
and Schmidt.”! These changes are not specific to
any particular lithotriptor, in that numerous
reports have now documented identical renal bio-
effects induced by the second- and third-penera-
tion lithotriptors, 14177271

Hemorrhape and edema within or around the
kidney are the two most common renal side
effects seen immediately after ESWL, causing
the kidney to be enlarped (approximately B4%)
and show a loss of corticomedullary demarcation
{Figure 41-17,19:64.68,24-77 Clinically sigmificant
perirenal and subcapsular fluid (blood and/or
urine) (Figure 41-2) accumulation was initially
determined to oceur in less than 1% of lithotripsy
treatments'® 2 except for the report by Ueda and
colleagues,'”” where they detected a 4.1%
hematoma rate. But these values nise o 32% of
patients when screened by CT or MRL'%64.66.73
In addition, the newer generation lithotriptors
that have very small focal arcas and extremely
high peak positive pressures arc reporting higher
clinically significant hematoma rates of 3 to
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Figure 41-1 Magnetic resonance image of stone patient
treated  with extracorporeal shock wave lithotripsy
demonstrating boss of corticomedul lary junction demarca-
tiom an right kidney,

[ 2%, 1417234 o trend that is worrisome, Dhar and
colleagues reported new climical results with a
Storz Modulith showing that the probability of
developing a subcapsular hematoma increased
2.2 times for every 10-vear increase in patient
ugﬂ.” All of these new data suggest that the
lithotriptor itself is now a risk factor for increased
tissue injury. Hemorrhagic changes can range in
severity from mild contusions localized within the
renal parenchyma to large hematomas, which can
be associated with severe bleeding requiring
blood transfusions, arteriographic embolization,
or percutancous draining. f Such hemorrhage
may produce a Page kidney with hyperten-
gion,™ 5! a state of acute renal failure, 57 may
require a partial or total nephrectomy,™ ! and
may result in death i the condition is not identi-
fied early.® Rubin and associates, using CT
scans, noted changes in the perirenal soft tissucs
consisting of an increase in the number of septal
strands and a thickening of Gerota’s fascia sug-
pesting focal regions of edema. ™ Usually, the
perirenal Nuid disappears within a few days, while

Figrure 41-2 Compubed tonwography scan showiig bilsteral
perinephric hematomas follewing bilateral simultancous
extracorporeal shock wive lithotnpsy of a stone patient,

the subcapsular Muid or blood may take 6 weeks to
# months {or more) to resolve {Figure 41-3).1

Acute histopathologic changes in the ESWL-
treated kidney and surrounding tissues include
dilation of veins with endothelial damage and
thrombus formation, disruption of most renal cor-
puscles at F2, as well as milder degenerative
changes in the nephron accompanied by hemo-
siderin granules and cast material * Seitz and col-
leagues studied the kKidneys from four patients
treated with a piezoelectne lithotriptor and
detected sites of intraparenchymal hemaorrhage at
the corticomedullary junction that increased in
severity with increasing numbers of shocks (4,000
ta 20,0000, They commented on how the gross
and histologic appearance of these four ESWL-
treated kidneys mirrored exactly the results pub-
lished in animal studics. Human cadaver kidneys
treated with a clinical dose always induced injury
o nephrons and small to medium-sized blood ves-
sels within F2.%% Again, as the number of shock
waves was increased so was the amount of dam-
age detected. In addition, Roessler and colleagues
determined the size of lesion induced by an elec-
tromagnetic versus an electrobydraulic lithotrip-
tor and found a much larger lesion with the elec-
trohydraulic machines.™ This ex vive model has
numerous drawbacks, which prevents an investi-
pator from drawing valid conclusions on the real
extent of ESWL-induced damage and, therefone,
should mot be used.

ESWL-induced nephron injury has been
assessed by detecting the spillage of wbular
enzyvmes into the urine immediately after treat-
ment. 37210 The Jist of whular enzymes
found elevated after ESWL includes: N-acetyl-f-
D-glucosaminidase (MAG), alkaline phosphatase
and l}-gjllar_'umidaw as proximal whular lysoso-
mal cnzymes, y-glutamyltransaminase (GGT)
and angiotensin-converting eneymes for brush
border of proximal tubular cells, calbindin-D for
distal tubular cells and fa-microglobulin as a
small circularing protein that is freely filtered but
almost completely reabsorbed in the proximal
tubules. There appears o be great variation in the
levels of these markers in stone patients when
pre- and post-ESWL levels were compared,'™
and no attempt has been made o document the
presemce or absence of bilateral stone disease.
Significant proteinuria has been documented
immediately after ESWL, which resolved 3 to
6 months post=treatment without detectable
changes in whole kidnev glomerular filtration
rate. "% Others have reported transient microalbu-
minuria. """ Transiem increases in hoth
prostaglandin E2 and thromboxane B2 levels
have been noted in the urine and serum but they
quickly return to baseline values,"" Sarica and
colleagues determined the plasma and urine lev-
els of mitrite and adrenomedullin as markers of
tubular and glomeralar cell injury in stone form-
ers and controls treated with lithotripsy. '™ Both
markers were clevated in the plasma and urine of
only the stone formers 24 hours post-ESWL and
returned to normal at one week, Generally, in
ESWL-treated adult patients, the cnzvme

l-'iu;ur\e 41=3 A, {'l.||:|'||'|u[|.'|:| lllnu:-gru'ph_!; (CTY scan of a
stome patient 48 hours after lefi extracorporeal shock wave
Hthatripsy {ESWL) for a | em non-obstructive stone i the
left renal pelvis. The patient received 1,000 shocks at 22
kY with an unmedified HM3 hithotripior. 8, Abdominal
CT 8 VTS after ESWIL du:l'lul!lxl:r.u[ill:g persislence ol a
smaller hematoma around the left kidey,

changes return to baseline in a week; in children,
however, the functional regeneration time
increases to two weeks.'"™ Clearly, there are con-
flicting reports on this topic that can be
explained. in part, by the great variation in the
parameters of ESWL delivery and the lack of
appropriate control groups. Despite these issues,
the majority of observations on human stone for-
mers sugpest that all portions of the kidney and
surrounding tissues are vulnerable to shock
wavies, with the microvasculature being the most
susceptible, and that the amount of injury
increases with shock number.

Acute changes in renal function have also
been found immediately after ESWL wreatment,
as documented by specialized imaging technigues
such as radionuchde studies using orthoiodohip-
purate to measure effective renal plasma flow
(ERPF), creatinine clearance for glomerular fil-
tration rate (GFR) and color Doppler ultrasound
for a measure of change in the vasoconstriction of
intrarenal blood vessels, While these technigques
are relatively imprecise, there are reports of a sig-
nificant reduction in ERPF and GFR between 24
and 4% hours post-ESWL, Kaude and colleagucs,
the first group to report ESWL-induced changes
in remal function, found an immediate decrease in



effective plasma Mo, measured by renal scans, in
30% of kidneys treated with a elinieal dose of
ESWL ( 1,800 shock waves).™ Several investigga-
tors have confirmed the decrease in ERPFUO-T1
and‘or a delay in—to complete loss of—contrast
excretion in wnobstructed ESWL-treated kid-
neys, 5T These studies are supported by the
ohservations that there is an apparent Lransient
reduction of intrarenal blood flow at F2, 113116
While there are clearly studies that have not found
functional changes,"!" these different observa-
tions appear 1o be linked 1o the number of shocks
administered, Thomas and associates found that a
treatment regimen of approximately 1,50 shocks
was safe, but higher levels induced a fall in renal
plasma flow."7 Orestano and colleagues noted
that fewer than 2,500 shocks produced changes in
renal function that totally regressed by 30 davs
post-ESWL.''® However, a dose of greater than
2,500 shocks induced more extensive changes in
renal function {reduction in clearance, prolonged
131 [-Hippuran wansith in the treated kidney as
well as in the contralateral kidney, Other investi-
gators. have also detected functional changes in
both the treated and untreated kidneys, ! -1Y Sim-
ilar observations have been reported in the
pig. 2121 &g siated earlier, acute renal failure has
been reported in a few ESWL patients; in most
instances, however, this condition has been
reversible. The majority of the studies just
described indicate that renal function s aculely
affected by a clinical dose of shack waves. There
are reports that ESWL can result in a significant
improvement in renal funetion in some patients, 42
Many such patients, however, show evidence of
ureteral obstruction prior to treatment, thereby
biasing the functional changes (ie, increased
clearance) in the direction of improvement.

In view of the adverse effects the ESWL
treatment may have acutely on renal function,
several investigators have attempted to protect
the kidney from ESWL-induced injury. The pro-
tective effects of nifedipine and allopurinol on
high-energy shock-wave-induced acute changes
of renal function have been studied in 40 patients
ina prospective randomized study, and the results
indicated that nifedipine and'or allopurinol
exhibits a protective effect on high-energy
shock—wave-induced renal damage. ' In their
original two studies Strohmaier and colleagues
aimed w0 outling the limitation of shock—wave-
induced renal twbular dysfunction by nifedipine
and verapamil in 24 patients with renal pelvic or
caliceal stones undergoing anesthesia-free
ESWL."*12 To assess renal wbular Tunction,
the urinary excretion of ot-microglobulin (A1 M),
N-acetyl-f-glucosaminidase (NAG) and Tamm-
Horsfall protein (THP) were measured before,
immediately, 12 hours and 24 hours after ESWL.
Their results indicated that mfedipine and vera-
pamil exhihit a protective effect on shock—wave-
induced tubular damage similar to verapamil,
Chan and eolleagues and Benyi and colleagues
have shown that pretreatment with amino-
phylline, nifedipine or allopurinol also blocks the
fall in renal blood ow induced by ESWL_ 125120
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The underlying mechanism(s) on how these
drugs produce this effect is unclear; they may
have a direct action on tubular cells or alter the
effect that shockwaves have on the renal vascula-
ture. A new study on pigs has shown that a pre-
treatment set of 100 w0 5040 shock waves adminis-
tered at o low kilovolt level can greatly reduce a
predicted lesion induced from a subseguent
delivery of a clinical dose of shock waves.!?
These findings and the application to a clinical
sefting are discussed later in this chapter,

CHroNC RENAL Ingunry: CLivical OBSERVA-
Tions  Although little information exists to date
on the possible chronic renal changes afier
ESWL T8 128 potantial long-term adverse
effects are still emerging but include an acceler-
ated rise in svsteimic Mood pressure, a decrease in
renal function, onset of hypertension, an increase
in the rate of stone recurrence, diabetes mellitus
and the development of brushite stone disease. All
of these effects appear to be linked 1o the obser-
vation that the acute injury usually progresses to
sear formation with time and is accompanied by a
loss of functional tissue and blood vessels.
Lechevallier and colleagues performed pre- and
post-ESWL (30 days) single photon emission
computed tomography (SPECT) studies in 12
patients reated with a piezoelectric lithotriptor.'*
All ESWL-treated kidnevs showed some loss of
renal function, with 4 of the 12 kidneys showing o
loss of local tracer uptake of greater than 4%. In
addition, there were sevem scars in the region of
F2. Umekawa and colleagues examined a Kidney
of a patient in acute renal failure that occurred
90 davs post-ESWL treatment and found evidence
of anti-glomerular basement membrane produoc-
tion in glomeruli at Fa.130

The possibility that ESWL treatment might be
associated with a long-term reduction in renal
function has been suggested by several imvestiga-
tors, Williams and Thomas found a significant
decrease in the percentage of effective renal
plasma flow 17 to 21 months after ESWL for
patients with two kidneys.'*! Orestano and col-
leagues noted that patients receiving more than
2,500} shocks had a reduction in clearance and a
prolongation of 131 I-Hippuran transit time at
30 days post-ESWL in the treated kidnev and
occasionally in the contralateral kidney.!'® Brito
and colleagues reported that patients with a sali-
tary kidney showed elevated serum creatinine bev-
els five vears post-ESWL.'* These observations
stand in contrast o the early reports by Chaussy,
sugpgesting a significant increase in renal function
three months 10 one year following ESWL* In
widdition, a longer-term follow-up study of patients
treated in Munich failed to confirm this increase in
renal function®® as did other studies that looked at
patients who received bilateral treatment!™ and
thuse who received unilateral treatment, 14

There has been increasing concern and contro-
versy aver the association between ESWILL and
the development of hypertension, Peterson and
Finlayson were the first investigators to suggest
the possibility that ESWL might be associated

with significant changes in svstemic blood pres-
sure, " Subsequently, Lingeman and colleagues
reported that 8.2% of 243 patients who were nor-
matensive at the ime of ESWL developed blood
pressure changes requiring antihypenensive med-
ication.!?” Mean follow- up in this group of
patients was 1.5 vears, giving an annualized inci-
dence of hypertension of 5.5%. Similar data have
been reported by Witliams and Thomas, !

While this initial association between hyper-
fension and ESWL may be alarming, not all data
support the connection,' 13130 and it has been
suggested that stone patients have a higher inci-
dence of hyvperiension 1o start with. "> Mont-
gomery and associates retrospectively reviewed
patients following ESWL on the HM3 and deter-
mined the rate of hypertension to be 8. 1% but the
hypertension developed de novo in only 2.9%, 13
Yokoyama and associates retrospectively reviewed
patients treated with the HM3 for either remal or
ureteral caleuli and determined an annualized inci-
dence of new-onset hypertension o be (L65%, 144
There was, however, a statistically significant
annualized increase in diastolic blood pressune
(DB (0.78 mm Hgl. They suggested that a dose-
response relationship might exist between blood
pressure changes and shockwave energy adminis-
tered. Claro and  associates  retrospectively
reviewed blood pressure data from patients treated
on a Lithostar lithotriptor and found that DBEP was
statistically higher after treatment, but the inci-
dence of hypertension was not :iignil'i::alnl.l‘l""' All
of these studies suffer from being retrospective in
fatire. Interestingly, in a amall prospective study
by Zaneiti and colleagues following blood pressure
changes in patients treated with an HM3, no sig-
niftcant increase in DBEP was noted although the
incidence of new-onset hypertension was i, 141

In an attempt to further elucidate the long-
term association between ESWL and hvperten-
sion. Lingeman and associates retrospectively
surveved 961 stone patients treated ar Methodist
Hospiial of Indiana for stone disease.'** Eighty
percent of the study group received therapy that
exposed them to ESWL. The remainder of the
patients were treated with percutaneous surgery
or urelernscopy and conseguently were not
exposed (o shock waves and served as controls.
Follow-up blood presseres were measured with
random-zero devices al least one vear following
treatment. In patients reated with ESWL, the
annualized mcidence of hyvpertension (2.4%) did
not differ significantly from that in control
patients (4.0%). Moreover, in those patients
exposed to ESWL, there was no cormelation
between the incidence of hypertension and the
laterality of freatments, the number of shock
waves administered, the voltage applied, or the
pawer imdex, There was, however, a statisticalby
significant risc m DBP after treatment with
ESWL (0,78 mm Hg) that was not present in the
control group (—0.88 mm Hg). These data were
remarkahly similar to findings reported by
Yokoyama and colleagues,'* As an extension of
this survey, a sceond set of follow-up blood pres-
sure mensurcments was conducted  approxi-
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mately 4 years after treatment in 749 paticnts
(77.9%%). The annualized incidence of new onsct
Iivpertension in ESWL patients was 2.1% com-
pared to 1.6% in non-ESWL patients {not signif-
icant). A statistically significant difference in the
annualized mean DBP was identified and was
notably higher in the ESWL-treated patients
compared 1o the non-ESWL patients at all time
intervals following treatment. This change in
blood pressure remains statistically significant
even after controlling for other statistically sig-
nificant risk factors such as pretreatment blood
pressure, patient gender and patieni age, as well
as various treatment factors such as vears since
treatment, direct shock wave exposure to the kid-
ey, and miultiple shock wave sessions. Although
exposure to shock waves was associaled with a
small but statistically significant rise in DEP up to
4 years following treatment, there was a trend of
DBP back toward baseline during later follow-up.

A recent study from the Mayo Clinic reported
on a retrospective chart review of 687 SWL treat-
mients in 630 kidney stone patients over a 19-year
period.” The pthe SWL and control groups with
the SWL groups more likely to have hypertension,
The new-onset hypertension was not related to the
total number of shock waves, average intensity or
total intensity but with bilateral treatment.

A prospective study has addressed the 1ssue
of hypertension as a possible long-term compli-
cation of ESWL therapy.®''*1% A group of
investigators from the University of Innsbruck,
Austria, calculated the intrarenal resistive index
in 76 patients treated with a Dornier MFL 5000
lithotriptor. In |5 of 20 patients over 6 years of
agre, the resistive index was higher than the upper
limit of normal immediately following ESWL in
the treated kidney but not in the untreated kidney.
At 26 months of follow-up in these patients, the
resistive index continued o increase in all nine
patients who developed hypertension and a
strong positive correlation (0,903) between the
pathological resistive index levels and blood
pressure was found. With one exception, an ele-
vated resistive index and hypertension were
observed exclusively in patients older than
60 years. Mo significant change in plasma rennin
activity was chserved in the four patients with
new-onset arterial hypertension whose values
were avatlable because their blood pressures were
not normalized with diuretics or angiotensin-
converting ensyme inhibitors. Moreover, their
rennin levels were not different from the values
observed in five normotensive patients. Because
in the condition of hypertension mediated by vas-
cular disturbances originating in the kidney one
wolld expect rennin values to be high, this result
is surprising and raises speculations about the
importance of local tissue activation of the rennin-
angiotensin system or the release of another
vasoactive peptide such as endothelin,

Therefore, age is probably a risk factor of
new-onget hvpertension due to ESWL., Resistive
index has never been faken into account in previ-
ous studies, which may explain the lack of clear
cvidence that hypertension in elderly paticnts can

be a chronic complication of ESWL therapy.
What is not known at this time is the future health
risk for these patients or who is at risk, Clearly
there are studies that have found no change in
blood pressure after ESWL.2* The long-term
ctfects of hypertension, if it is occurring, include
an increased risk of stroke, myocardial infarction,
and renal failure. Therefore, any therapy that
might increase the incidence of hypertension
should be ngorously examined.

Other groups have focused on determining if
kidney stone paticnts have a greater nsk for a loss
of renal function, as detected by a change in cre-
atinine clearance, "7 or GFR."® Such a change in
renal function would suggest that stone patients
have a kidney disease as the result of specific
alterations in their kidneys, These dota indicate
that there is o significant interaction between the
GFR value and the body mass index {BM1) level,
In other words, iFa stone patient had a BMI level
greater than 27 kg/m?, there was a significant
association between a history of renal stones and
a lower GFR value. If these data hold up, one
must be concerned with any stone removal tech-
nique that would cause additional loss of renal
imass in this subset of stone patients.

The recent Mayo Clinic study also detected
the development of diabetes mellitus in 16.8% of
the SWL-treated stone patients, The diabetes mel-
litus was related to the number of administered
shock wives and treatment intensity. The authors
sugpested that the diabeies mellitus could be a
result of damage to pancreatic islet cells, because
a portion of the pancreas was probably located
within the Blast path of the HM3 machine.

An additional concern hag been mised sugp-
pesting that stone recurrence rates may be higher
following ESWL because of residual stone debris
forced into the lining of the renal pelvis.'* A
recent study by Carr and colleagues documented
all new stome formation in 298 consecutive
patients who initially were determined to be
stone-free after ESWL and compared those find-
ings to 62 patients treated with percutaneous
nephrolithotomy. ' Their data showed a signifi-
canl increase (p = .004) in the rate of new stone
formation within one vear of ESWL treatment
compared 1o percutaneous nephrolithodomy. Fur-
thermore, the location of the new stones changed
from their original treatment site to the calices.
The authors supgested that fine sand debris gen-
erated from ESWL treatment remained in the
kidney, and gravity acted to position them as a
nidus of the caliceal svsiem.

Lasily, our group has determined that there
has been a significant rise in the number of cal-
cium phosphate (CaP) stone formers over the last
three decades, ! an ohservation supported by
others."*? An intriguing finding (noted when all
kidney stone formers were analyzed for the num-
ber of ESWL procedures) was that the CaP stone
formers had received a significantly higher num-
ber of procedures than the idiopathic calcium
oxalate stone formers when adjusted for number
of stones and duration of stone disease. Further-
mare, the brushite stone formers had received a

significantly higher number of ESWL treatments
than the apatite stone formers. The histopathol-
ogy of the brushite stone formers revealed
advanced levels of tissue changes in the renal cor-
tex and papilla that included inerstitial fibrosis,
tubular atrophy, glomerular obsolescence, and
deposition of large amounts of hydroxyapatite in
the lumens of inner medullary collection
ducts,'* While these data do not establish a
cause-and-effect relationship, clearly there is an
association between brushite stone disease and
high levels of ESWL treatment sessions. Because
we believe that apatite stone disease 15 primanly
related to higher wrinary pH levels in these
patients, the animal studies showing the initial
site of ESWL imjury to be locahzed to the
microvessels and collecting duct of the renal
papilla might explain a loss of control over nor-
mal urinary fluid pH at this level,

Risk Facrtors Risk factors may predispose
ESWL patients to increased acute renal injury.
Knapp and associates found stone patients with
existing hypertension to be at increased risk for
the development of perinephric hematomas as a
consequence of ESWL." In particular, those
patients having unsatisfactory contral of their
hypertension at the time of ESWL had the high-
st incidence of hematomas, Dhar and colleagues
reported new clinical results with a Storz Mod-
ulith showing that the probability of developing a
subcapsular hematoma increased 2.2 imes for
every 10-year increase in patient age ™ Addi-
tional risk factors included increased thrombo-
plastin time and the use of aspirin'™ (even when
discontinued up to two weeks prior to treatment),
again not agreed on by all groups.*® When the
power setting and number of shock waves admin-
istered were cvaluated as potential sk factors, no
correlation was found with the occurrence of
hematomas, Newman and Salteman confirmed
these observations.?? They noted that paticnts
with coagulopathies and thrombocytopenia were
at greater risk of developing a subcapsular
hematoma. Additional risk factors identified for
increased incidence of hemorthage were diabetes
mellitus, coronary artery disease, and obesity, all
suggesting a link to a vascular disorder. In rela-
tion to risk factors, an interesting observation is
that some patients with preexisting hypertension
require higher doses of their blood pressure med-
ication following ESWL therapy. % This Sugpests
that preexisting hypertension is a potential risk
factor for adverse acute effects of ESWL. In a
study of solitary kidneys, Karlsen and Berg
reported a significant reduction in GFR three
months following ESWL P

Agre is a Factor on both ends of the scale; chil-
dren and the elderly appear to be at a greater risk
for structural and functional changes following
exposure to ESWL.51% The concern for children
i5 that the smaller size of their growing Kidneys o
the fixed size of the focal arca will always dam-
age a greater proportion of their functional renal
mass compared to the large adult kidney and the
fixed size of the focal area, Although pediatric



ESWL is thought to be clinically well-tolerated
and is reported 1o be associated with few adverse
effects, there are only a few studies with a small
number of patients that have addressed the issue
of possible long-term complications.'*7 196
Adams and colleagues reported the results of
ESWL in a group of 44 pediatric patients and
noted normal renal growth in 14 treated renal
units after a mean follow-up time of
23 months. "7 That initial study was followed up
by a longer-term study (mean 9 years) on 29
patients where actual and predicted renal growth
rates were compared. ' * The reated kidneys were
stratified into normal and abnormal groups based
on a history of renal surgery, evidence of recur-
rent infections and obvious anatomic abnormali-
ties. Fifty-six upper urinary tract caleuli were
treated in 34 renal units, Twenty-two renal units
wiere rendered stone-free and 65% of the paticnts
continued to be stone-free, At follow-up, one
patient was classified as having new-onset hyper-
tension, and the mean serum creatinine was
0.93 £ .08 mg/dL. At treatment, the abnormal
group of kidneys seemed to be smaller than
expected (mean £ —1.30 = 1.10), whercas the
group of normal kidneys was very close (mean
£ 0.18 £ 00,.54) to the predicted mean, At follow-
up, the deviations between actual and predicted
renal lemgth were significantly more negative,
Although there was a trend toward the abnormal
group having smaller Kidneys than the normal
group, both groups showed the same trend toward
an age-adjusted reduction in renal growth at
follow-up. The alterations in renal growth patterns
observed in this population are unsettling and
could be secondary to treatment effect (ie, ESWL)
or, more likely, to some underlying pathology
intrinsic to pediatric kidneys with urolithiasis. The
results of this clinical study and the observations
from several studies on immature and juvenile
animals™ 7% muyst still caution us about the
potential for long-term complications in children
treated by ESWL. Until further data are available,
ESWL in the pediatric population should be
applied with caution and at the lowest dosage suf-
ficient to achieve stone breakage,

In addition to the list of risk factors described
above that relate to conditions the patient brings
o ESWL treatment, another set of factors 15
linked to the parameters of treatment. These fac-
tors include the discharge voltage, number of
total shock waves administered, rate of shack
wave delivery, and type of lithotripsy. Most of
these data have been collected in amimals so0 will
be discussed below. The issues of increased side
effects induced by the third-generation machines
have already been cited above,

Acute renal injury may be an important con-
sequence of ESWL, but a number of questions
still need to be addressed that will require contin-
ual investigation. It is not known if renal function
is altered in all ESWL patients, or if only a subset
of patients is at risk. It is not known il patients
with two kidneys tolerate ESWL therapy better
than those with one Kidney. Importantly, numer-
ous data suggest that risk factors may predispose
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the ESWL patient to acwte renal injury, although
such factors have vet to be fully defined.

AcuTE RENAL InJury: EXPERIMENTAL STUDIES
In contrast to the early misperception within the
medical/scientific community that ESWL does not
produce injury™ subsequent animal studies have
clearly demonstrated structural and functional
changes in various organs, -2526.120.121.127.165-189
particularly the kidney, after shock wave
administration, and that these changes correlate
well with side effects observed in ESWL
patients. Investigators have used a variety of
animals that include the rat,*2 185089 the mh.
bit, 55157 the dog,!89-17LI75175-178 o4 the
pig,}25.26,65.120,121,127,175,180- 182,184 Clogrly,
the pig is the most appropriate animal model for
these studies (Figure 41-4),3-26.65
Macroscopically, the acute changes noted in
dog and pig kidneys treated with a clinical dose
of shock waves are strikingly similar to those
described for ESWL patients. The lesion is pre-
dictable in size, focal in location, and unigue in
the types of injuries (primarly vascular insult)
induced. These changes include hematuria,
contusion-like lesions, subcapsular hematomas,
hemorrhage, and kidney enlargement. Hemor-
rhage has been found in three peneral locations:
perirenal, subcapsular, and intraparenchymal
(but always at or near F2). The perirenal fat is a
common site of extensive hemorrhage. Subcap-
sular hemorrhage is found to spread diffusely
along the length of the capsule andior form dis-
crete hematomas (Figure 41-5). Sites of intra-
parenchymal hemorrhage are penerally wedged-
shaped being most severe at the corticomedullary
junction, and extend from the papillary tip to the
capsule, It has been our observation that the initial
sites of damage abwiys ocour in the renal papilla
involving injury to the wall of vasa recta and

nearby collecting ducts.!®? Hematomas localized
within the renal parenchyma or subcapsular zone
range in size, from very small to 0.5 cm in diam-
eter,' """ and in number, from 1 1o 10 per kid-
ney. Our group has quantitated the hemorrhagic
lesion and found it o be about 2% of the func-
tional mass in an adult pig treated with an unmod-
ified HM3, 2,000 shocks at 24 kV!2120 Larger
hematomas appear to compress the adjacent tis-
sue. Interstitial edema is also common. The dif-
fuge nature of this change would appear to
account for enlargement of the kidney,

Histologic analysis has shown that the regions
of hemorrhage arc always near the site of F2 (Fig-
ure 41-6), 32665 167170160187 Thece regions of
damage reveal rupture of nearby thin-walled
veing, walls of small arteries, glomerular and per-
itubular capillaries, which correlate with the vaso-
consiriction measured in both the treated and
untreated kidneys.' 212 Venous thrombi are fre-
quently associated with interlobular and arcuate
veins located at the sites of hemorthage. Evidence
of extensive endothelial damage in these veins is
noted by a loss of endothelial cells and the imme-
diate attachment of numerous polvmorphonuclear
(FMM) cells and activated platelets to the luminal
surface of these vessels depicting a vasculitis
i Figure 41-7).%"" Nephrons located near areas of
massive hemorrhage show evidence of damage.
These alterations consist of vacuolar changes in
individual cells, wbular dilation, cast formation
(hyaline-like, RBCs) and mild tubular necro-
gig BAIENITLITY IE2 Thoge ahservations show that
both the microvasculature and nephron are sus-
ceptible to shock wave damage; the pnmary
injury, however, appears 1o be a vascular insult,

Of great interest are those experimental ani-
mal studies that have determined factors of
ESWL administration that appear to influence
the degree of renal trauma induced by shock

Figure 414 A, Drawing of the collection system of a human kidney. &, Drawing of the col-
lection system of a pig kidney, Both the human and pig kidney are multi-papillary and may
show considerable variability in the form of the collecting system. Generally, the human
kidney has a greaver number of minor calyces (arrows) than the pigz. with longer calyceal

stems and a larger renal pelvis (RP). U = ureter.
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Figure 41-8 Magnetic resonance imape of o pig kidney
treated with 2,000 shocks ar 24 kY with an unmodified
HM3 lithotriptor demonstrating a large subcapsular
hematomea much like that seen m Figure 41-34.

Figure 41-6 A, Histolezic seetion of pig kidney treated
with 2,000 shocks at 24 kW with unmodified HM3, This
kidney shows sites of parenchymal hemorrhage extending
frovm thee renal |'|i||1ri||a o the capsule. 8, Digitized image of
a pig kidney treated with 2008 shocks at 24 kY or C, with
B0 shocks at 24 kY and then processed, sectioned and
captured by digital camera. The hemorrhagic lesion (col-
ored light blue in & and ©) seen in both the 2,000 and
K6 shocked kidney was selectively segmented by a
color range identifier for blood so that the arca of the
besron conld be determined for all serial sections, The site
of F2 is signified by an open circle.

wives, [ 2020 ITI-IT4 1808 LIBS Dafius and col-
leagues' ™' and Willis and colleagues'*"'"™* have
noted that, as shock number is increased (1,000 1o
B.000 shocks), a greater number of hematomas
are formed, and lesion size increases, but not as
a direct correlation with shock number (Figure
41-8). The higher shock number was also associ-
ated with larger hematomas. This is related to the
fact that larger arteries are injured at high shock
numbers.’ Delivs and colleagues have also
shown that more massive hemorrhage and tubu-
lar damage are induced by increasing the rate
{1 shock/second to 100 shocks'second) at which
the shocks are administered and by administering
the shock waves in pairs.'™ '™ Kidney size is
clearly a risk factor for increased mtraparenchy-
mal hemorrhage, in that lesion size 15 6% in a juve-
nile pig versus 2% in an adult pig (Figure
41209, H112LIS5I84 1y addition, Evan and col-
leagues noted that the degree of injury induced by
a clinical dose of ESWL is potentiated by a preex-
isting condition like acute pyelonephritis.'™!
Under such conditions, a 2.000-shock dose acts as
an #.000-shock dose, Lasthy, the degree of renal
injury has been linked to the type of shock wave
generator used,! % Bui these data are difficuli to
compare in that the parameters for shock wave
delivery are so varied between instruments,
Hypertension has been noted as a nsk factor in ani-
mals treated with ESWL, A significant increase in
post-ESWL arterial blood pressure was found in
immature white rabbits.'® Weber and colleagues
tested the hypothesis that ESWL treatment induces
hypertension.'*® They treated F1-hybrids of spon-
taneowsly hvpertensive rats (pats with borderline
hypertension) and normal Wistar rats with a clini-
cal dose of shock wave and determined their blood
pressure post-ESWL therapy. ESWL-induced
hypertension in only the Fl-hybrids indicated a
potential risk factor for shock—wave-induced
hypertension in genetically predisposed patients.

Figure 41-7 Transmission electon micrograph showing
extracosporeal shock wave lithowripsy-induced vascular
injury. This low-magnification image shows a damaged
imtermeshinte-sized artery from a pig kidney | hour after
treatment with 2000 shocks at 24 kY with an unmodificd
HM3 lithotripior, The left side of the vessel shows exten-
sive injur_v 1o the endethelium and amooth muscle cells of
the vessel wall permitting the eximnvasation of blood inle
the underlying imerstitial space. Mumerous polymaor-
phonuclear neutrophils and other leukocvies have
migrratesl 1 U site of ingury.

Effect of Shock Mumber on
SWL Lesion Size
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Fipure 41-8 Effects of 1004, 2,000 and 8,000 shocks at
24 kN with anunmodiGed HM3E L tholrapilar om lesaon size,
Data are expressed as mean = SEM. N indicates the num-
ber of individual kidneys sectioned and quantiFied in each
group. *p < 05,

An obvious void i the experimental ESWL
literature has been studies that documented
changes in renal function after shock wave
admimistration, Two carly studics were done in
dogs. "9 Jaeper and Constantinides reported a
significant decrease in creatinine clearance and
an elevation of glucose excretion one-hour post-
ESWL in dogs treated with 3,000 shocks (1,500
shocks per pole of kidney).'"! Both values
returned to normal by 24 hours post-ESWL. They
also noted an increase in serum plutamic-
oxaloacetic transaminase and glutamic-pyruvic
transaminase levels at one-hour post-ESWL. The
study by Karlsen and colleagues found an
increase in urinary osmolality and urine flow
while renal plasma flow was reduced about one-
third at 2 hours post-ESWL i dogs treated with
1,500 at 18 k%™ These authors found no change
in glomerular filiration rate or urinary electrolyte
excretion. A senes of experiments by Willis and
colleagues! 201 2LIEL 18 oy nanded these observa-
tions to include bilateral kidney function in the
pig. These studies show that the application of
2000 shocks at 24 k'V with an unmodified
Dornier HM3 lithotriptor to one kidney consis-
tently reduces renal blood flow (RBF) and GFR
in that kidney (Figure 41-103, At 1 hour post-
ESWL, the fall in RBF was 27% for the young
adult animals and 30% in the juvenile pigs. By
4 hours post-ESWL, RBF returned 1o baseling in
the young adult pigs but was still significantly
reduced in the juvenile pigs. GFR followed a sim-
ilar course but was reduced 1o a lesser extent than
RBF measurements, In addition, these studies
found a significant reduction in RBF in the
untreated kidney at the 1-hour post-ESWL time
point, These investigators also measured tubular
function using p-aminchippurate extraction and
found a significant reduction in the treated kid-
ney but no fall in the untreated kidney. Again, the
greatest reduction oceurred in the juvenile pig



Chapter 41 / Estracorporeal Shock Wave Lithotripsy: Complications 358

Figure 41-9 Gross appearance of pig kideevs weated with 2000 shocks w0 12 (AL LR (B), and 24 (C) kY
with an unmodified HM3. Note thai the size of the subcapsular hematona increases with increasing kW level.

compared to the yvoung adult pig. These results
show that the major change in renal function is
vasoconstriction, and kidney size is indeed a risk
factor for increased side effects. Willis and col-
leagues ! * 12018} have found that high shock
numbers (8,000 shocks) do not generate a greater
decrease in RBF at 1 hour post-ESWL, but
induce & sustained reduction noted st 24 hours
post-treatment. Connors and colleagues evalu-
ated the effect of kilovalt level of both RBF and
lesion size and found lesion size to clearly
merease as the kilovolt level was increased from
12 to 24 KV But the maximal vasoconstrictive
response wis already induced at the 12 kY level
and remained there regardless of the kilovolt
level used. These studies point out the sensitivity
of the renal vasculature o shock wave lithotripsy.
Elegant studies by Brendel and colleagues have
shown, by video microscopy, that when shock
waves are directed at a simple microvascular bed,
acute spasms of arterioles and hemorrhage of
venules are induced, "™ Vasoconstriction hegins
within and reaches its maximum after 20 to
30 seconds, lasting between 4 to 10 minutes,
Dilation follows the constrictive event. Along
with the sites of microhemorrhage in the small
veins are areas showing leakage of macromole-
cules, and platelet aggregation, These authors
also suggested that vasoconstriction was most
pronounced in the region of peak pressure gencr-
ated by the shock wave. Studies are needed that
would directly correfate the physical characteris-
tics of the shock wave with tissue damage.

Owur group has uncovered a practical way to
protect the treated kidney from the predicted lesion
induced by a clinical dose of shock waves.'*” Prior
to giving a clinical dose of 2,000 shocks at 2 KV
with an unmodified HM3 1o the lower pole of a kid-
ney, a pre-treatment dose of 100 o 300 shock
waves at 12 kY is administered, followed by the full
clinical dose io the same site. Under those condi-
tions, the normal lesion of about 6% is reduced o
abour (.3%, a highly significant change (Figure
41-11), Ouwr present thinking about the possible

mechanism of this outcome is that the pre=dose of
shock waves induces a significant vasoconstrictive
event that could prevem an incoming stress from
shearing the vessel wall or perhaps preventreduce
the number of cavitation events. A reduction in cav-
itation would potentially protect the parenchyma
from cavitation-induced injury. A clinical tmal is
necded to test this result in stone patients.

Investigators have suggested that the vascular
imjury might induce an ischemic injury to the
already damaged tissue 2035057 Thys Cohen
and colleagues'" and Brown and colleagues'™
determined in the pig that a clinical dose of shock-
wiaves induces lipid perowidation and free radical
formation n the treated kidney, The concern for
ischemic changes is for both the treated and
untreated kidney, in that ESWL induces a vaso-
constrictive response in both kidneys 120121
Delvecchio and colleagues recently determined a
dose-related increase in conjugated diene ratio
levels from the pole of the treated kidney '™ and,
to @ lesser degree, from the untreated kidney—a
result consistent with the data from Willis and
colleagues.'?? Animal models have also been
used 1o investigate protective agents against
shock—wave-induced renal injury, Verapamil
FE.095-197 nd antioxidant vitamins (E plus C)
can significantly reduce shock—wave-induced
renal injury,

CHronic  RENAL  INJURY: EXPERIMENTAL
OpservaTions  Chronic changes in renal strue-
ture after shock wave treatment have received
minimal investigation. At two weeks post-ESWL,
Jaeger and Constantinides noted calcium
deposits, streaky fibrosis, and encapsulation of
sites of acute hemorrhage.'®! Newman and
coworkers identified permanent morphological
changes in the dog kidnev 30 davs after ESWL
treatment.!™ These alierations consisted of dif-
fuse interstitial fibrosis, focal areas of caleifica-
tion, nephron loss, dilated veins, and hyalinized
to acellular scars running from the cortex to the
medulla (Figure 41-12). Morns and colleagues

found a direct correlation between the number of
shock waves and the size of the resulting scar."®
As the number of shocks was increased from
1,000 to 2,000, the size of the scar increased from
1.37% to 12.76%. In addition, Banner and col-
leagues  have noted mesangioproliferative
glomerulopathy in pigs treated with cither the
HM3 or the EDAP lithotriptor.!™ With time,
deposits of complement C3 and traces of
immunoglobulin G (IgG) were found (o increase
i amount in the mesangium. Interestingly, these
changes were noted to occur in both the treated
and the untreated (contralateral) kidney to about
the same degree, suggesting the induction of a
systemic factor or bilateral injury induced by
ESWL. Delius and associates reported that most
of these renal alterations were reversible in sev-
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Figure 41-10 p-Aminohippurate clearance in treated pig
kidney after | and 4 hours post-exiracorporeal shock wave
lithotripsy (ESWL) treatment with 2,000 shocks at 246V
A, Al three dosage levels induce o significant fall in p-
aminohippurate clearance at one hours post-ESWL. B, The
5000 shock treatment induced a greater fall in p-amino-
hippurate clearance compared 1o the 1000 shock dose.
., At four hours post-ESWL, the 1000 and 2,000 shock
dose show similar changes while the 8,000 shock dose
shiovs 0 persistent reduction in p-aminehippurate clearance.
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Figure 41-11 A4, Digitized image of a pig kidney treated
with 2,000 shocks at 24 kV. B, Digitized image of a pig
kidney treated with 500 shocks ar 12 kV followed imme-
diately with 2,000 shocks at 24 kW 1o the same pole. This
pre-treatment protocol profects the kidney from the pre-
dicted lesion indwced by 2 000 shocks at 24 kV. drrow-
head shows the only site of hemorrhage in the kidney that
received the pretreatment protocol. The sites of F2 are sip-
fified b}' an o cirede.

eral weeks except for some of the large
hematomnas, '™ These observations suggest that
the acute changes induced in the kidney can be
classified as either reversible or irreversible; but
a clinical dose of ESWL always induces irre-
versible injury that ends as a region of sear. In
contrast to these swudies, Chaussy reported no

Figure 41-12 Histologic section from a pig kidney treated
with 2,000 shocks at 24 kW inan unmodified HM3. The
acute injury induced at the site of F2 (scen within recran-
gie) resulted in o scar that extends from the renal capsule
Lerrow) o the renal medulla. The reikal papilla is no longer
present, being reduced o scar tissue (asrerisk),

histologic abnormalities in the dog kidney up to
1 year post-ESWL.#2

Only a few studies have attempted to deter-
mine the chronic changes in renal function
induced by ESWL. Meal and colleagues treated
infant adult rhesus monkeys with 1,500 shocks at
15 kV or 2,000 shocks at |8 KV to each kidney,
while adult animals were treated with 2,000
shocks at 18 kV to each kidney.'® A highly sig-
nificant decrease in effective renal plasma flow
was noted in the infant group 6 months post-
treatment when those values were indexed to
body surface arca, In another study, immature
rabbits receiving 1,000 to 2,000 shocks devel-
oped a significant rise in mean arterial blood
pressure at 4 and 8 weeks post-ESWL compared
to controls 2™ Pre-treatment of these animals
with either allopurinol or mannitol prevented the
development of hypertension. Both of these stud-
ies suggest strongly that there can be long-term
functional consequences to a climcal dose of
ESWL and that the young or immature are a great
risk for such complications.

The mechanism for the traumatic effects of
ESWL 15 not known; Delius and colleagues, how-
ever, have speculated that cavitation bubbles pen-
erated by the shock waves are Fﬁm:u-jl:,- PESPOMST-
ble for the cellular uhungc—ei.” This idea is based
on data showing the presence of cavitation bub-
bles in the liver during shock wave application,
and that lithotriptor shock wave can cavitate
water and blood in vitre. 229 Crum®™ docu-
mented that ESWL does produce acoustic cavita-
tion, possibly as the result of the high intensity of
the shock wave amplitude. He noted that cavita-
tion microjets are sufficiently forceful to pit or
deform metal test foils. But acoustic cavitation
has only been detected in the parenchyma of the
treated kidney after 1,000 shock waves and at a
time when pooling of fluid within the tissue or at
the capsule was noted ™ Of interest arc the ani-
mal studics that employved a Styrofoam insert into
the brass reflector of an unmodified HM3
lithotriptor. 2% Neither lesion nor renal functional
changes were seen in these Kidneys, compared to
our wsual result with a clinical dose using the
unmodified HM3."2" This insert had been shown
to reverse the normal pressure wave so that the
negative tail precedes the positive portion of the
wave. X" Cavitation activity is greatly reduced
and =0 % the renal parenchymal lesion. It is
tempting to link the reduction in cavitation activ-
ity with the smaller lesion. But there is sull
another potential mechanism for tissue injury:
shear stress, Lokhandwalla and  Sturtevant
showed by computation that shock waves are
capable of causing cell rupture by inducing
unsteady flows (shear waves) in the surrounding
media. 2" Subsequent experimental studies using
overpressure to eliminate cavitation and a para-
bolic reflector to refocus the wave field within
the sample vial showed that, even in the absence
ol cavitation, shock waves could deform foils,
and that cell lysis was significantly enhanced by
shock wave focusing.*™ This gives validation to
shear as a damage mechanism.

PROBLEMS RELATED
TO STONE FRAGMENTS

Much of the morbidity associated with ESWL
results when stone frapments fail 1o pass out of
the ureter after lithotripsy. This may be caused by
poor fragmentation, so that larger stone picces
pass and obstruct the ureter, or a stone that is
finely disintegrated may pass down the ureter,
resulting in a column of sand—Steinstrasse
(“street of stone”)—that may obstruct the kidney
(Figure 41-13). This occurs in less than 0% of
patients,*™ Several factors are responsible for the
degree of fragmentation after lithotripsy. The
nature of the stone burden treated may affect how
successfully a stone is fragmented by ESWL. The
risk of Steinstrasse increases with larger stone
burdens—in one study of 885 patients, i
occurred in 0.3% of stones less than 10 mm, 7%
of stones between 10 and 20 mm, and 11.5% of
stones between 20 and 30 mm. 2" Tn a series of
4.634 patients, multivariable analysis showed
stone size > 20 mm to be an independent predic-
tor of Steinstrasse, with a 3.7-fold increase inrisk
compared to smaller stones.2!! Larger caleuli
fracture less completely, and more often require
additional treatment. The stone composition will
also affect the degree of fragmentation, Struvite,
uric acid, and calcium oxalate dihydrate caleuli
fracture into small particles that can pass rela-
tively easily, On the other hand, calculi of calcium
phosphate dihydrate (brushite) and calcium
oxalate monchydrate tend to break up into larger
picces that are more difficult to pass.2!? Cystine
calculi are especially difficult to treat with
lithotripsy since, as an organic compound. cys-
tine has acoustic properties that do not differ
greatly from those of the surrounding tissues 2!
Recognition that stone size and composition can
affect the degree of fragmentation, and, therefore,
treatment outcome can help urologists determine
which modality is best, Other important factors

Figure 41-13 Complex Steinstrasse following treatment
of o large staghorn caleules by extricorporenl shock wave
lithotripsy.



include stone location, the tvpe of lithotriptor
uged, and the power index (number of shocks and
generator voltage ). Lingeman noted that multiple
ESWL treatments are more likely to be required
when stones are located in the lower pale 2

Bost Steinstrasse are short and will pass with
only mild discomfort. Longer Steinstrasse are
more troublesome (see Figure 41-13). Stein-
strasse can produce a vanety of symptoms or a
patient may be completely asvmptomatic, Renal
colic will occur in almost a third of paticnts
treated with the Dornier HM-3 lithotriptor™ and
occurs in almost all patients with Steinstrasse 13
To identify silent obstruction, the urologist must
follow up with plain abdominal films, ultrasound,
andfor an intravenous pyelogram 4 to 6 weeks
after ESWL.2!®

Steinstrasse 15 best managed by averting the
problem if possible before ESWL is performed.
Placement of an indwelling urcteral stent in kid-
nevs with moderate stone burden {aggregate
stone diameter 0.25 mm) before ESWL can sig-
nificantly reduce the incidence of symptomatic
Steinstrasse.!” The theoretic advantage of using
ureteral stents with ESWL is that they may allow
continued passage of urine and gravel. Initially,
small particles pass around the stent. With time,
the ureter dilates, and after stent removal, larger
fragments pass through the distended wreter, ™™
Fine and colleagues noted that, during fluoro-
scopic examinations, ureteral stents allowed
urine reflux from the bladder w0 the kidney.t'™
They proposed that this initiates ureteral peristal-
sis, propelling urine and gravel into the bladder,

The wse of ureteral stents is not without prob-
lems, however. Bregg and Richle found thar a
third of lithotripsy patients with indwelling stents
had moderate discomfort that was notl associated
with stent material, size, or location.>™ OF their
patients, nearly half complained of severe to
intolerable pain that was relieved after stent
removal, They also noted obstruction caused by
the stent itself, In another study of ureteral stents
and ESWL, symptoms from the stents often led
1o the necessity for early sient removal 2!

In penetal, stones 0.3 cin are best managed
percutaneously; if ESWL iz performed, however,
the incidence of Steinstrasse is lowered if ureters
are stented prior to treatment.** Overall, morbid-
ity is reduced when stents are placed prior to
ESWL therapy of larger stones. 2" Smaller calculi
less frequently result in significant Steinstrasse. ™™
Moreover, stents do not decrease the incidence of
Steinstrasse following lithotripsy of small to mod-
erately sized stones.”®* Consequenily, small cal-
culi rarely require ureteral stenting.

Ome must weigh the benefits, risks, and costs
associated with ureteral stents that are placed
before ESWL, The routine use of ureteral stents
is generally not indicated because fragments
from smaller stones will pass spontancously with
mimimal discomfort and with little risk of
obstruction. In general, stents should be reserved
for a large stone burden (0.23 mm or 300 mm?),
for patients with a solitary kidney, or to assist in
stone localization.
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Steinstrasse that is asymptomatic or mini-
mally symptomatic can be followed conserva-
tively as long as function of the affected kidney is
not impaired. Management of symptomatic Stein-
strasse is based on the symptoms and the degree
of ureteral involvement. In one study, for svmpio-
maric Steinstrasse with an average length of
2.6 cm, observation and symplomatic treatiment
resolved the obstruction in 64% ¢1Fputiun:5_3|5 In
the same study, one-third of patients were treated
with ESWL in situ, and Steinstrasse resolved
completely in 90% of patients. Similar results
have been reported by Miller and Hautmann,**
Sigman and colleapues managed distal Stein-
strasse by performing a ureteral meatotomy. 220
Although one-third had a great reduction in the
length of Steinstrasse, more than half demon-
strated wvesicowreteral reflux on cystograms
2 months luter, Ureteroscopy and basket extrac-
tion are wieful, especially if a large lead fragment
15 present, Several authors have desenbed a van-
ety of techniques to srrigate the sand from the
ureter. =" **# [f retrograde methods are not suc-
cessful, percutancous nephrostomy will decoms-
press the kidney and ofien allow gravel to pass
spontaneously.

At the Methodist Hospital of Indiana, man-
agement of Stemstrisse depends on the degree of
urcteral involvement. Simple Stemstrasse are
defined as columns of grave! (L5 cm in length in
a patient who has no evidence of wrosepsis. If
SYMptoms require intervention, simple Stein-
strasse  can he  effectively  managed by
ureterpscopy if a guidewire can be passed beyvond
the obstruction, Bypassing the Steinstrasse is
often facilitated with the use of hydrophilic
guidewires. 1f a guidewire cannot be passed,
ureteroscopic manipulation should be abandoned
because the risk of ureteral perforation during
manipulation is greatly increased. Alternatively,
ESWL in situ to the obstructed region of the
ureter can relicve the obstruction in many cases,
especially if a large lead fragment can be identi-
fied. Complex Steinstrasse, in which columns of
stone fragments 3 em are present or there are
signs of urosepsis, is a more serous problem. [n
this situation, the risk of ureteral injury with
ureteroscopy increases significantly. In addition,
the sequelae of wrosepsis demand rapid resolu-
tion of the obstruction. Consequently, compli-
cated Steinstrasse is best managed with & percu-
taneous nephrostomy o allow decompression of
the kidnev and alleviate symptoms. Ureteral peri-
stalsis will aid spontaneous stone passage even
without urine flow. A guidewire can be placed in
an antegrade manner to facilitate future uretero-
scopic manipulation if necessary,

INFECTION

Owerall, the reported incidence of sepsis following
ESWL. is less than 1%, although for staghorn cal-
culi, the rate is 2.7%.2 The risk of sepsis
increases if a urine culture vields positive results
before ESWL. 2" The renal wauma and vascular
disruption associated with ESWL may allow bac-

teria in urine to enter the bloodstream. Moreover,
with the destruction of infected calculi, bacteria
are released from the stone into the urine and may
he absorbed svstemically. In the presence of un-
nary abstruction, the risk of urosepsis increases
dramatically. The rate of bacteremia following
ESWL has been reported to be as high as 14%.51
[nfectious complications of ESWL include per-
inr:phrii.—-"nvzn and paoas abseess ™M miliary tuber-
culosis, ™ and endophthalmitis, > ¥ Although
rare, death from sepsis following ESWL can
aceur In general, while routing administration
of prophylactic antibiatics for ESWL is not neces-
sary, 2242 ceptain clinical and radicgraphic fac-
tors may indicate the need for antibiotic therapy.
Prophylactic antibiotics do not prevent infectious
complications™* but should be considered in
patients at high msk for them. Therefore, ESWL
should be performed only in the presence of sterile
urimge and in the absence of distal obstruction.

SUMMARY: CAN LITHOTRIPSY
BE IMPROVED?

We see at least two logical paths that can lead o
sigmficant improvements in ESWL: (1) reinven-
tion of the lithatriptor, and (2} rediscovery of how
to use it Our look at the evolution of lithotripsy
shows that patient outcomes were never better
than during the era of the first-generation
lithotriptor, the unmodified Dormnier HM3, Sub-
sequent technological advances did not produce
a better instrument and did not yield better
results, Instead, lithotripters have progressively
become ton powerful. With the widespread adop-
tion of these machines, stone-froe rates have
dropped, re-treatment rates are up, and reporis of
adverse effects are on the rise.

There is an important lesson to be learned
from the history of lithotripsy. We caniot expect
to solve the problems associated with shock
wave therapy solely from what we have leamed
ahout the physics of lithotriptors, We need to pay
attention to the climcal findings as well. When
manufacturers saw that their second-generation
imachines did not perform 1o expectations, they
found a solution based on laboratory results,
Boosting the power of the lithotriptor hroke
stones better in vitro, For example, the Storz
Maodulith breaks stationary artificial stones bet-
ter than the Dornier HM 3,5 This result does not
take into accoumt that, in a living breathing
patient, it is more difficult io keep the third-gen-
eration machine on target, and that excessively
powerful shock waves lead to increased trauma
to the kidney.

There is recent evidence for a move back to
the basics. As mentioned above, a new lithotrip-
tor has been introduced that, like the first-gener-
ation Dornier HM3, produces low-to-moderate
acoustic pressures focused o a relatively broad
focal wone. Initial clinical findings with the Xi
Xin-Eisenmenger machine are encouraging 244
This lithotriptor may not prove to be a solution to
the problems that currently face ESWL—inde-
pendent assessment of the deviee is needed —but
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it gppears to be a step in the right direction. To be
sure, this machine is a departure from the trend in
ESWL towird high-acoustic-pressure devices. IF
this machine continues to deliver good results, it
iy set a new trend. We may see the development
of other low- to moderate-power devices—a rein-
vention of the first-generation lithotriptor,

On the other hand, how lithotripsy is per-
formed may be more important than which
lithotriptor is used. Our endorsement of the HM3
15 & matter of siding with the “lesser of two evils.”
We arc well aware that adverse effects occur with
the HM3. It is safe to say that any lithotriptor can
be used to overtreat a patient. Likewise, it seems
reasonable to suggest that, with the proper treat-
ment protocaol, most any lithotriptor can be used
more effectively and with improved safety.

There are several basic conditions of shock
wave treatment that will give better outcomes. All
physicians should: (1) use lower power, (2) treat at
a slow shock-wave rate, (3) sedate the patient and
{4} keep the dose (number of shock waves) low.

As for power, there are no pood published
studies to show the effect of power setting on
stone comminution. In our experience using the
Dornier HM3 (at the Methodist Hospital) we have
found that most classes of stones respond well to
treatment at 12 to 15 KV, Use of low power has
been recognized to be effective in the treatment of
pediatnc patients. Also, initial results with the Xi
Xin-Eisenmenger lithotriptor report using this
miachine at very low power. We recommend start-
ing treatment at low power and increasing the
power only if the stone does not break up.

A% for shock wave rate, there are several reports
tor show that slowing the rate of shock wave admin-
istration improves the effectiveness of treat-
ment.#*2% This concept was first tested in vitro
and then demonstrated using model stones
implanted in pig lcidm:}rs.m Preliminary results
from the first prospective randomized clinical trial
of shock wave rate show that treatment at 1 SW/sec
is more effective than treatment at 2 SWisec. 26
Alzo, the initial repart of favorable results with the
Xi Xin-Eisenmenger lithotriptor describes treat-
ment at a very skow rate (0.3 He, 20 SWimin).

The issue of sedation is controversial. Many
patients would rather not be sedated. Many urol-
ogists would rather not sedate their patients,
Many lithotriptors are intended to be used as
“anesthesia-free™ machines, Still, there is very
good evidence to show that outcomes are much
better when the patient is under sedation.!! This
may be simply a matter of targeting the lithotrip-
tor. When the patient moves around, it is more
diffecult to hit the stone.

The severity of collateral damage to the kidney
increases with the dose of shock waves. The fewer
the number of shock waves delivered, the better.
Some urologists take the position that it is better to
overtreat than to re-treat. We contend that it is best
to monitor treatment closely and to stop as early as
possible. We realize that a major part of this issue
is the poor quality of our present imaging equip-
ment. What is needed 15 better imaging tools to
help the physician know more precisely when

complete stone comminution has been achicved,
Ongoing refinements in diagnostic ulimscund and
radiologic maging should lead to advancements
that will improve this aspect of ESWL.

There may be other factors, other features of
treatment that can and should be improved in
ESWL. Shock wave coupling is one. In “dry
table™ lithotripsy, transmission of shock wave
energy into the body is dependent on the gel
interface between the shock head and the skin,
This interface can be a site for attenuation of the
shock wave and possibly scattering or refocusing
of the pulse. We know of no systematic study that
has assessed the guality of coupling on stone
COMMINULion or on tissue injury.

In some respects, lithotripsy has been an
ongoing experiment. A lot of observations have
been made but few improvemnents have been real-
ized. We think there is reason to expect that
lithotripsy is about to change for the better. For
ome, gwareness has never been higher that ESWL
can cause adverse effects. As a result, urologists
are more keenly aware of the potential for collat-
eral damagre and are more likely to treat congerv-
atvely, We now know that some lithotriptors are
maore dangerous than others. We expect that urol-
ogists will begin to demand bener instruments,
and that this will lead to the development of safer,
more effective lithotriptors. We are beginming to
learn that how shock waves are delivered {how
the urologist controls the parameters of shock
wave delivery) can have a significant effect on
the outcome of treatment. This is a positive devel-
apment and will improve how ESWL is per-
formed regardless of the lithotriptor that is used.
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