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Abstract

Extracorporeal shockwave lithotripsy (SWL) remains the only truly
minimally invasive procedure for the treatment of upper tract neph-
rolithiasis. Recently, there has been a recent rise in the patients
on antiplatelet agents. Therefore, the aim of the present study is
to review the literature available regarding SWL in these high-risk
patients requiring anti-coagulation therapy. Alternative therapies
to SWL are also presented.
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Résume

La lithotripsie extracorporelle par ondes de choc (LECOC) demeure
la seule intervention qui soit réellement minimalement invasive pour
le traitement de la néphrolithiase dans les voies urinaires supéri-
eures. Récemment, on a noté une hausse du nombre de patients
traités par antiplaquettaires. Par conséquent, le but de la présente
étude est d’examiner les articles publiés sur la LECOC chez ces
patients a risque élevé ayant besoin d’un traitement anticoagulant.
On présente également des traitements de rechange a la LECOC.

Introduction

Since its first clinical studies in West Germany in 1980s,
the role of shock wave lithotripsy (SWL) in the treatment
of renal stones has changed.! The original Dornier Human
Model-3 (HM-3) (Dornier Med Tech, Wessling, Germany)
has largely been replaced with dry-head lithotripters; most
of these are mobile, small and have an ultrasound unit in
addition to a high quality fluoroscopy unit. In the latest 2007
American Urological Association Guidelines, SWL ceased to
be the first-line therapy for upper- and mid-ureteral stones.?
Instead, ureteroscopy with holmium laser lithotripsy is the
first-line therapy for these stones. This is due to technological
advancement in miniaturization of ureteroscopes and the
safety and efficacy of holmium laser energy in the treatment
of various stone types. Nonetheless, SWL remains the first
mode of therapy for small (<2 cm) renal stones and has an
average stone-free rate of 82%.

Since SWL is a minimally invasive procedure requiring
intravenous sedation, many urologists and patients consider

it as the preferred management option for small renal stones.?
Furthermore, its safety profile with low risk of side effects
and its availability in most hospitals have contributed to its
popularity.* Classically, there have been two absolute con-
traindications for SWL: pregnancy and bleeding diathesis.
Therefore, patients on either antiplatelet agents or full anti-
coagulation therapy with warfarin are usually managed with
other modes of therapy or their anticoagulation agents are
held perioperatively. This is because the use of antithrom-
botic agents possesses a high risk of hemorrhagic complica-
tions, such as serious postoperative peri-renal hematomas
and renal hemorrhage, leading to protracted postoperative
course and possibly requiring drastic measures, such as
nephrectomy or renal embolization.>® The aim of this article
is to present data regarding SWL in anticoagulated patients
and to present alternatives to SWL.

Methods

August 1987 to February 2010. MeSH headings of “lithotrip-
sy” in combination with “anticoagulants,” “aspirin,” “plate-
let aggregation inhibitors,” “hematoma” or “drug-eluting
stents” were used. Due to the paucity of retrieved articles,
key references were also included. To further expand the
search parameters, original articles describing other modes
of lithothripsy (ureteroscopy and percutaneous nephroli-
thotomy) in anticoagulated patients were included. A total
of 58 articles were reviewed. Sixteen articles were discarded
due to irrelevance, the presence of more recent studies, or
the presence of articles with stronger levels of evidence.

Results

Prospective studies, systematic reviews and case reports
were reviewed. The quality and strength of the evidence
in the identified articles were generally poor, due to the
lack of Level I evidence. There have been no randomized
controlled trials evaluating SWL in patients requiring anti-
coagulation therapy. Safety and duration of anticoagulation
discontinuation have been based on expert opinion rather
than scientific evidence.
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The most common side effect of SWL is hematuria; the
treatment results in microtrauma to the renal tissue.’"
With the HM3 electrohydraulic lithotripter, the incidence
of post-SWL symptomatic peri-renal hematomas detected
by ultrasound is estimated to be 0.1% to 0.6%.'*'* With
the use of more sensitive abdominal computed tomography
scanning, the rate of asymptomatic peri-renal hematomas is
up to 25%.'51® Although a retrospective series of 5 (0.49%)
patients with symptomatic peri-renal hematomas found that
all 5 patients were hypertensive, 3 had diabetes mellitus,
and 2 had coronary artery disease, these risk factors have
not been consistently demonstrated with the exception
of uncontrolled hypertension.'*'” Recently, an ultrasound
examination of all patients post-SWL with the electromag-
netic Storz Modulith SLX lithotripter (Storz, St. Louis, MO)
found the incidence of asymptomatic peri-renal hematomas
to be 4.1%, while the incidence of symptomatic peri-renal
hematomas was similar to other lithotripters at a rate of
0.7%."® Furthermore, the probability of hematoma increased
1.67 times for every 10-year increase in patient age.'®In
terms of lithotripter used, the electrohydraulic HM3 was
found to cause more trauma than electromagnetic, which
in turn was found to cause more trauma than the piezo-
electric lithotripter.’?' Furthermore, in animal studies, slow
frequency SWL appears to be associated with reduced renal
injury and hematoma formation.?? Therefore, increasing
patient age, uncontrolled hypertension, type of lithotripter
(electrohydraulic > electromagnetic > piezoelectric) and fast
rate have been associated with renal trauma and peri-renal
hematomas.

Patients without drug-eluting stents requiring antiplatelet agents

Zanetti and colleagues prospectively evaluated the safety
of discontinuation of antithrombotic therapy with or with-
out the institution of bridging anticoagulation therapy in
patients undergoing SWL with Storz Modulith SLX lithotripter
(Storz, St. Louis, MO).” This is Level Ill evidence according
to the Cochrane classification. Twenty-three patients taking
antiplatelet agents (acetylsalicylic acid [ASA], ticlopidine,
dipyridamole) were stratified according to author-defined risk
levels. Patients considered to be at “low-risk of thrombotic
events” (previous myocardial infarction more than 1 year
ago) had discontinued antiplatelet therapy 8 days prior to
SWL and a resumption of therapy 10 to 14 days post-SWL.
Patients considered to be at “high-risk of thrombotic events”
(coronary artery bypass graft [CABC], atrial fibrillation, cere-
brovascular disease and peripheral occlusive arterial disease)
discontinued antiplatelet therapy 8 days prior to SWL with
substitution with unfractionated heparin 5000 units 3 times
a day. This was continued postoperatively for up to 10 to 14
days. Both groups were followed with abdominal ultrasound
and serial hemoglobin measurements. In both groups, there

were no hemorrhagic complications.” The advantages of this
approach is that multiple sessions of SWL could be performed
while holding heparin dose on the morning of the procedure.
However, there were no patients in this series requiring full
anticoagulation therapy or antiplatelet agents, such as those
with drug-eluting coronary stents. Therefore, none of these
patients would be considered high-risk as defined later.

Patients with drug-eluting stents requiring antiplatelet agents

Drug-eluting stents are inserted during percutaneous coro-
nary angiography, and the presence of these stents neces-
sitate prolonged use of clopidogrel as the early discontin-
uation of the medication leads to increased risk of stent
thrombosis.?> Normally, coronary artery stents undergo
re-endothelization. This re-endothelization period is 4 to
6 weeks in bare-metal stents (BMSs), while in drug elut-
ing stents it may take up to 1 year.? The maximal risk of
thrombosis occurs during this period of re-endothelization,
and the risk of stent thrombosis increases when antiplatelet
agents are suddenly withheld.?> Stent thrombosis has been
reported when ASA is discontinued even beyond 1 year after
drug-eluting stent insertion.2® However, clopidogrel is the
main antiplatelet agent associated with drug-eluting stent
thrombosis when withdrawn.?” Therefore, elective surgical
procedures should be ideally delayed for 6 months to 1 year
after insertion of these stents.*

There are serious clinical consequences to discontinuing
anticoagulation therapy post-placement of coronary artery
stents and these are worse after the modern drug-eluting
stents. Several studies reported stent thrombosis after pre-
mature discontinuation of antiplatlet therapy. lakovou and
colleagues reported 29% incidence of drug-eluting stent
thrombosis after premature discontinuation of antiplatelet
therapy.?> At 11 months, the mortalitiy rate was 7.5% in
patients who discontinued theinopyridine therapy versus
only 0.7% in patients continuing the treatment.?® For patients
with BMSs undergoing non-cardiac surgical procedures, 7
out of 40 (18%) developed myocardial infarction (Ml); 5
out of the 7 had discontinued thienopyridine therapy and 6
out of the 7 Mls were fatal.?® Therefore, discussion with the
interventional cardiologist is important to weigh the risks
and benefits of discontinuation of antiplatelet agents versus
delaying elective surgical procedures.

A science advisory (comprised of the American Heart
Association [AHA], American College of Cardiology [ACC],
Society for Cardiovascular Angiography and Interventions
[SCAI], American College of Surgeons [ACS] and American
Dental Association [ADA]) emphasized the importance of
12 months of dual antiplatelet therapy after the insertion of
drug-eluting stents and recommended postponement of elec-
tive surgical procedures until the completion of the appropri-
ate course of thienopyridine therapy. For those cases where
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the surgical procedure cannot be postponed, the advisory
committee recommended the continuation of ASA periop-
eratively in high-risk patients, and to restore thienopyridine
treatment as soon as possible postoperatively.’® The AHA/
ACC/SCAI recommended that, at minimum, patients with
bare-metal stents should be treated with clopidogrel 75 mg
and ASA 325 mg for 1 month after insertion, 3 months after
sirolimus eluting stent implantation, 6 months after pacli-
taxel eluting stent implantation, and up to 12 months in
patients who are not at a high risk of bleeding.*

There are no clear guidelines for patients requiring anti-
platelet agents and SWL. Severe life-threatening complications
have been reported in patients taking clopidogrel and under-
going SWL.3' Katz and colleagues reported on a patient who
developed life-threatening retroperitoneal hematoma when
he required intravenous heparin therapy for post-SWL MI.32

Di Minno and colleagues proposed a guideline to manage
patients on antiplatelet agents undergoing surgical proce-
dures.?* A management guideline is proposed according to
the thrombotic risk of the patient and the hemorrhagic risk
of the surgical procedure (Table 1). In this guideline, surgi-
cal procedures have been classified into low hemorrhagic
risk (superficial procedures), intermediate hemorrhagic risk
(such as transurethral procedures) and high hemorrhagic risk
(with possible bleeding in a closed space such as intracranial
neurosurgical procedures). Furthermore, patients are classi-
fied into low, intermediate and high cardiovascular disease
(CVD) risk according to the timing of cardiovascular events
and types of coronary stents used.

In high CVD risk patients (i.e. 6 weeks after MI, per-
cutaneous coronary intervention [PCI], BMSs, CABG; 6
months after same if complicated; 12 months after high-
risk drug-eluting stent; 2 weeks after stroke), it is recom-
mended to postpone all elective surgical procedures and
perform only emergency procedures while maintaining on
ASA and clopidogrel (for low and intermediate hemorrhagic
risk procedures) or ASA combined with triofiban/eptifibatide
and heparin bridging (for high hemorrhagic risk procedures).
In intermediate CVD risk patients (i.e. 12 months after the
drug-eluting stent; low ejection fraction, diabetes mellitus,
high-risk stents), it is recommended to conduct elective low
hemorrhagic risk procedures while on ASA and clopidogrel
(if prescribed), and postpone elective intermediate and high
hemorrhagic risk procedures. If these procedures can not be
postponed, it is recommended to maintain ASA and clopi-
dogrel for intermediate hemorrhagic risk procedures while
keeping patients on ASA only for high hemorrhagic risk pro-
cedures. Clopidogrel should be re-started 12 to 24 hours
postoperatively. In low CVD risk patients (i.e., 6 months
after MI, PCIl, BMS, CABG and stroke; 12 months if with
complications), it is advisable to continue ASA except in
high hemorrhagic risk procedures, such as SWL, when ASA
is withdrawn and statin is continued.?*

Shock wave lithotripsy

These recommendations were not specific to a certain
surgical procedure, and SWL was not mentioned in the Di
Minno study. Since the kidney is enclosed within Gerota’s
fascia and peri-renal hematomas can cause mass effect, SWL
is considered a high hemorrhagic risk procedure. Therefore,
in low CVD risk patients, SWL could be performed while
continuing statins and withholding ASA (maximum 7 days)
after consultation with cardiology, while in intermediate and
high CVD risk patients, SWL should be postponed or other
alternatives be used. Prophylactic therapy with subcutane-
ous unfractionated heparin as a bridge to the discontinua-
tion of antiplatelet agents has been successful in one study.”
However, antiplatelet treatment replacement by heparin or
low-molecular weight heparin does not provide protection
against the risk of coronary artery or stent thrombosis since
heparin does not have antiplatelet properties, as it inacti-
vates thrombin and activated Factor X (Factor Xa) via an
antithrombin dependent mechanism, whereas clopidogrel
is an ADP-receptor antagonist and ASA inhibits production
of thromboxane by inhibiting cyclooxygenase.?**3

Alternatives to SWL in anticoagulated patients

Similar to SWL, percutaneous nephrolithotomy (PCNL) is
contraindicated in patients with uncorrected coagulopa-
thy.>* However, there is a recent retrospective series from
the Cleveland Clinic Foundation of 27 high-risk patients on
anticoagulation therapy (warfarin, clopidogrel or cilostazol)
who underwent percutaneous nephrolithotomy.* Warfarin
was withheld 5 days preoperatively with enoxaparin (low
molecular weight heparin) bridging and resumed 5 days
postoperatively. Clopidogrel and cilostazol were stopped
10 days preoperatively and resumed 5 days postoperatively.
In that series, the stone-free rate was 93%. There were 2
patients (7%) with significant bleeding and 1 patient (4%)
developed a thromboembolic complication. Therefore,
PCNL could be performed in these high-risk patients after
careful consultation with the prescribing cardiologist and
with perioperative bridging with enoxaprin with acceptable
rates of postoperative complications.

The safest alternative to SWL in these high risk patients,
however, is ureteroscopy and holmium:YAG laser lithotrip-
sy. There are 3 retrospective series confirming the safety of
ureteroscopy and use of holmium laser energy in patients
with uncorrected bleeding diatheses. In the first series, 9
patients (with mean stone size of 9.5 mm, range 4-15 mm)
were treated successfully with 1 patient developing postop-
erative oliguria due to small ureteral clot that resolved spon-
taneously. Another patient developed epistaxis after admin-
istration of ketorolac for pain.*® The second larger study is
from the University of Western Ontario. This retrospective
study included 25 patients with 29 upper tract calculi who
underwent ureteroscopic holmium laser lithotripsy. The
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Table 1. Guidelines in management of patients on anti-platelet agents requiring elective surgery according to risk level

Patient risk level

Surgical hemorrhagic risk

Suggestion

1) Low CVD risk:
* 6 months after Ml, PCIl, BMS, CABG, stroke
* 12 months if with complications

A) Low (superficial such as circumcision)

B) Intermediate (such as transurethral cases)

C) High (possible bleeding in a closed space
such as SWL)

Proceed with elective surgery on ASA

Proceed with elective surgery on ASA

Proceed with elective surgery on statin;
Withdraw ASA (maximum 7 days)

1) Intermediate CVD risk:

A) Low (superficial such as circumcision)

Proceed with elective surgery on ASA

* 12 months after DES

* low ejection fraction

« diabetes mellitus

« high-risk stents (long, proximal, multiple,
overlapping, small vessels, bifurcation

B) Intermediate (such as transurethral cases)

C) High (possible bleeding in a closed space

such as SWL)

Maintain clopidogrel (if prescribed)

Postpone elective surgery

If surgery absolutely required: Maintain
ASA and clopidogrel (if prescribed)
Postpone elective surgery

If surgery absolutely required: Maintain
ASA and stop clopidogrel

1II) High CVD risk:

* 6 weeks after MI, PCI, BMS, CABG

* 6 months after same if complications
* 12 months after high-risk DES

» 2 weeks after stroke

B) Intermediate (such as transurethral cases)

C) High (possible bleeding in a closed space

such as SWL)

A) Low (superficial such as circumcision)

Postpone elective surgery
If surgery absolutely required: Maintain
ASA and clopidogrel

Postpone elective surgery

If surgery absolutely required: Maintain
ASA and clopidogrel

Postpone elective surgery

If surgery absolutely required: maintain
aspirin; bridge with tirofiban/eptifibatide
and heparin

MI: myocardial infarction; PCI: percutaneous coronary intervention; BMS: bare-metal stent; CABG: coronary artery bypass graft; ASA: acetylsalicylic acid; CVD: cardiovascular disease;

DES: drug-eluting stent; SWL: shock wave lithotripsy.
Adapted from Di Minno et al., 2009.2*

mean stone size was 11.9 mm (range 6-25 mm). Bleeding
diatheses involved warfarin administration for various con-
ditions in 17 patients, liver dysfunction in 3, thrombocyto-
penia in 4 and von Willebrand’s disease in 1. Stone-free
rate was 96% (27 of the 28) and 29 of 30 procedures were
completed successfully without significant complication. In
a patient treated concomitantly with electrohydraulic litho-
tripsy, significant retroperitoneal hemorrhage developed and
the patient required a blood transfusion.>” In a case-control
study comparing 37 anticoagulated patients to controls
undergoing ureteroscopy and laser lithotripsy, there were
no increased risk of hemorrhagic complications.? In this
study, the mean stone size was 13.2 mm (range 5-35 mm).
Therefore, ureteroscopy and holmium laser lithotripsy are
the safest modalities in these intermediate- and high-risk
patients requiring perioperative antiplatelet agents when
these elective procedures could not be postponed.

The present review article is meant to be descriptive.
There was lack of data to be analyzed in a systematic fash-
ion. Therefore, there may have been studies not included
in the present review.

Conclusion

Anticoagulation remains a contraindication for SWL. In low-
risk patients requiring SWL, it is reasonable to withhold their
antiplatelet agents perioperatively (maximum 7 days) after
consultation with the prescribing cardiologist and inform-
ing patients of risks of hemorrhage and thrombotic events.
Substitution with unfractionated heparin, although reported
in one study, is not recommended since heparin does not
have the same properties as antiplatelet agents. Intermediate-
and high-risk patients should be managed individually with
a high level of caution. Ideally, elective surgery should be
postponed 6 to 12 months and only emergent procedures
performed while maintaining patients on antiplatelet agents.
There are no randomized controlled trials in this field as
they are difficult to perform due to the requirement of many
patients since the incidence of clinically significant peri-renal
hematomas is low. Ureteroscopy and laser lithotripsy while
patients are on anticoagulation therapy remain the safest
modalities when these procedures could not be postponed.
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