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Study design: Experimental study.
Objectives: To determine the effects of extracorporeal shock wave lithotripsy (ESWL) on the rat spinal cord.
Methods: Animals were randomly divided into three groups. Groups 1 and 2 consisted of five rats
each that underwent ESWL (2000 impulses at 15 kV and 2000 impulses at 18 kV, respectively) and
group 3 contained five control rats (no shock wave treatment). ESWL-treated and control rats were
compared with regard to light and electron microscopic findings of the adjacent spinal cord.
Results: Gross neurological outcomes were normal in all groups. Light microscopic examination of
group 1 showed extensive extravasation of red blood cells over all the interstitial spaces. Group 2 also
had haemorrhagic areas and an irregular organization of axons in the white matter. Transmission
electron microscopic examination of group 1 indicated extravasated red blood cells through the
endothelium and swollen axoplasm, degenerated mitochondria, destruction of myelin sheaths and a
slight increase in the number of lysosomes. Extravasated red blood cells were also seen in group 2. The
axoplasmic mitochondria were enlarged, but no sign of mitochondrial degeneration was observed.
Lamellar degeneration of myelin sheaths and abundant lysosomes were more predominant in group 2
than in group 1.
Conclusion: Extracorporeal shock wave lithotripsy caused not only haemorrhage but also damage to
neuronal structures except the nucleus. Our findings showed that higher-energy ESWL caused more
myelin degeneration in the spinal cord.
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Introduction

Extracorporeal shock wave lithotripsy (ESWL) has revolutio-

nized the management of urinary stones, and this treatment

option is now associated with fewer risks than traditional

surgical treatment. The types of shock wave generators

include electrohydraulic, electromagnetic and piezoelectric

devices. These waves are then focused on the urinary stones.1

Regardless of the source, all shock waves have the capacity to

fragment stones. Erosion and shattering result from the

application of shock waves followed by stone fragmenta-

tion.2 Haemorrhage and oedema, which can be seen in and

around the kidney, are the renal side effects of ESWL.1 The

extent of the haemorrhage is directly correlated with the

kilovoltage used and the number of shock waves adminis-

tered.3 However, acute extrarenal complications of ESWL can

occur. The most common of these are upper gastrointestinal

system complications, such as gastric and duodenal erosion;4

rarer extrarenal complications have been described in case

reports, with the injury of visceral organs (liver, spleen,

pancreas, lungs) being the most frequently noted.5 Ruptures

of abdominal aortic aneurysms, ureterovaginal fistulas and

ureterocolic fistulas and perforation of the upper ureter have

also been reported.5,6 A study has also described the short-

term effects of shock waves on the rat ovary, indicating

microscopic haemorrhages and some hypervascularity, but

this apparently did not influence ovarian function or

gestation.7 Moran et al.8 described disastrous effects of shock

waves on chick embryos; this study has served as the basis for

the contraindication of ESWL during pregnancy.

The terminal part of the spinal cord and/or roots of

the spinal cord in the upper lumbar spinal region can be

deleteriously affected by shock wave energy during the ESWL

procedure owing to their relationship with the kidneys.
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ESWL treatment is common but data are limited regarding

the complications of this procedure, especially in neural

tissue. As we are not aware of any prior studies about the

possible effects of ESWL with regard to adjacent neural

tissue, we sought to investigate the clinical and histopatho-

logical effects of ESWL on the spinal cord.

Materials and methods

This study was approved by the institutional ethical board of our

medical school and was performed under institutional guide-

lines for the care and use of animals in research. Fifteen 1-year-

old male Wistar albino rats (250–300g) were used. The rats were

divided into three equal groups. Groups 1 and 2 consisted of five

rats each that underwent ESWL (2000 impulses at 15kV (low

energy) and 2000 impulses at 18kV (high energy), respectively).

Group 3 contained five control rats (no shock wave treatment).

All groups of rats were anaesthetized by intraperitoneal

administration of ketamine (8mg/100g; Eczacibasi, Istanbul,

Turkey). Rats were positioned prone on the operating table. The

thoracolumbar area of each rat was shaved, and the operative

field was prepared in a sterile manner using a povidine–iodine

solution. A dorsal midline skin incision was made with a

number 15 blade and continued down to the spinous process.

We put a radiopaque vascular clip in the T12-L1 interspinosus

space just beneath the last thoracic vertebra’s processus

spinosus. After haemostasis, the wound was closed using 3-0

silk suture material, and the animals were allowed to recover. No

prophylactic antibiotics were used. Subsequently, Group 1 and 2

rats were re-anaesthetized, and a single shock wave treatment

was applied to the spinal cord. A shock wave treatment was

applied to the spinal cord using an electrohydraulic machine

(Stonelithotripter P3500-05030-52; PCK, Ankara, Turkey). The

shock waves were directed at the posterior aspect of the T12–L1

spine. The location of the spinal canal was determined by

following the radiopaque vascular clip under C-arm imaging.

The first group of rats received 2000 impulses of shock waves at

15kV, and the second group received 2000 impulses of shock

waves at 18kV. We chose this shock wave energy because it was

close to that used clinically in humans. Immediately after ESWL

treatment, the treated dorsal spinal skin was inspected for local

punctuate haemorrhages. The control rats received no shock

wave treatment. The rats were returned to their cages after ESWL

treatment. A surgical wound and neurological examination was

conducted every day for 1 week. Any superficial wound

infections were treated with povidine–iodine without using

antibiotics. All animal motor performance examinations were

evaluated using a modified Tarlov score (from 0 for paraplegic to

5 for normal rats).9 All animals were killed by ketamine overdose

at 1 week after the procedure. The thoracolumbar spine was

removed en bloc. The injured 1-cm spinal cord segment, at

the level of T12–L1, was excised after laminectomy, opening the

dura and cutting the roots under a surgical microscope. All

the sections were examined by histologists (TZ, BC) who were

blinded to the groups.

Light microscopy

Five spinal cord segments from the control group and five

segments from each ESWL group were fixed in 10% neutral

formalin (pH 7.4) for at least 24 h at room temperature. Then,

tissue specimens were processed for routine histology as

follows: tissues were dehydrated in an ascending series of

ethanol solutions, cleared in xylene and perfused with liquid

paraffin before being embedded in paraffin wax. Serial sections

(5mm) were cut. The sections were stained with haematoxylin

and eosin for routine histological examination and with

crystal violet to analyse perikaryonic structures. Paraffin

sections were examined under a bright field microscope

(Eclipse E600; Nikon, Tokyo, Japan) and images were captured

using a Nikon Coolpix 5000 digital camera attachment.

Transmission electron microscopy

Tissue pieces of white matter and grey matter from all animals

in the three groups were fixed in 2% glutaraldehyde in

phosphate buffer (pH 7.4) for 4 h. Specimens were then post-

fixed in 1% osmium tetroxide for 2 h. Tissue blocks were

stained with 0.5% uranyl acetate, dehydrated and embedded

in propylene/araldite embedding media (Electron Microscopy

Sciences, Hartfield, PA, USA). Each block was cut into serial

semi-thin sections (700nm), which were stained with tolui-

dine blue/azur II. Appropriate portions of the sections were

then cut into 7-nm-thick ultrathin sections and stained with

uranyl acetate and lead citrate. Sections were observed under

an LEO 906E transmission electron microscope (LEO Elek-

tronmikroskopie, GmbH, Oberkochen, Germany).

Results

All animals survived and their postoperative course was

uneventful. All rats had a modified Tarlov score determined

as 5 during examination every day for a week post-procedure.

Light microscopic examination of the control group

sections demonstrated normal structure of white matter and

grey matter elements (Figures 1a and b). Group 1 exhibited

extensive extravasation of red blood cells over the entire

interstitial space, under the pia mater and in the central canal

(Figure 1d). Other than that, the white matter and grey matter

appeared normal (Figures 1c and d). Group 2 had normal grey

matter appearance (Figure 1e) as well as haemorrhagic areas

(Figure 2a). In addition, an irregular organization of the axons

was observed in the white matter, and myelin coats appeared

to have varying diameters (Figure 1f).

Transmission electron microscopic examination of group 1

showed extravasated red blood cells (Figure 2b), although

the endothelium and basal lamina appeared intact

(Figure 2c). Degenerated axoplasms with swollen, degener-

ated mitochondria of various sizes were observed (Figure 3e).

Destruction of myelin sheaths was evident, with a lamellar

appearance and irregular thickness (Figure 3b). Nuclear and

perikaryonic structures appeared normal, with the exception

of a slight increase in the number of lysosomes (Figure 3k).

Extravasated red blood cells were also seen in group 2

(Figure 2d, arrowheads), but the blood vessels showed no

sign of erosion (Figure 2e). Lamellar degeneration of the

myelin sheaths was more obvious (Figure 3c). The axoplas-

mic mitochondria were enlarged, but no sign of mitochon-

drial degeneration was observed. However, pieces of

damaged myelin were occasionally seen inside the axoplasm
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(Figure 3f). Nuclear and perinuclear organelles were normal;

however, lysosomes were more abundant than in group 1

(Figure 3l).

A summary of histopathological findings can be found in

Table 1.

Discussion

Extracorporeal shock wave lithotripsy, compared to surgical

treatment, is typically a painless, bloodless and a relatively

low-risk method. It is now usually the first treatment choice

for both renal and ureteral calculi. Renal biopsies taken 1

week after ESWL showed oedema and extravasation of urine

and blood into the interstitial spaces, blocking of cortical

tubules by haemorrhagic streaks and widespread dilation of

the veins, with signs of endothelial destruction and partial

organization of thrombi under light microscopy.10 Experi-

mental studies in a rat model revealed that after 1000 shock

waves at 18 kV, only 5 of 20 treated kidneys appeared to be

normal or minimally affected, whereas 15 showed gross

evidence of marked vascular injury.11

Figure 1 All groups revealed normal perikaryonic appearance (a, c, e). The control group showed normal white matter structure and
organization (b). Both of the extracorporeal shock wave lithotripsy (ESWL) groups had haemorrhagic areas, but it was more evident in group 1,
with haemorrhage into the central canal (d, arrowhead). Group 2 demonstrated irregular organization of axons as well as myelin sheaths of
different sizes (f). Haematoxylin and eosin staining. Scale bar¼0.05 mm (a, c, e); 0.1 mm (b, d, f).
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Figure 2 Extracorporeal shock wave lithotripsy (ESWL) groups showed extensive extravasation of red blood cells (a). Red blood cells were also
observed in the stroma by transmission electron microscopy (b, d, arrowheads) but capillaries appeared intact (c, e, en: endothelial cell
nucleus, asterisks: red blood cell in the capillary lumen). (a) Haematoxylin and eosin staining, Scale bar¼0.1 mm. (b, d) �1293; (c, e)
�2784.
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To our knowledge, no detailed experimental study had

examined the effects of ESWL treatment on the spinal cord.

Newman et al.14 published a laboratory study on the adverse

effects of ESWL treatment on neurological tissues. They

observed hind limb weakness after shock wave application to

the dog ureter. They did not quantify the ESWL dosage

applied. The weakness resolved within 48 h and the spinal

cord postmortem examination was normal. They did not

describe how they examined the spinal cord. Nonetheless,

this finding may be due to injury to the lumbar plexus

because of its close proximity to the ureter. They also

investigated the effect of ESWL on the canine spinal cord;

2000, 4000 and 6000 shocks were directed at the posterior

aspect of the L3–L4 or L4–L5 interspace in three dogs. They

noticed no clinical effect, but the published report was not

very detailed.14

Neurological complications of ESWL treatment in syrin-

gomyelia patients have been reported. Lorenzo et al.12

described a case of post-traumatic thoracic syringomyelia

that presented with acute, rapidly progressive flaccid

Figure 3 The control group showed normal myelin, axoplasmal structures (a, d, m: myelin sheath, a: axoplasm, mit: mitochondria),
perikaryon and perikaryonic organelles, (g, j, n: nucleus, rER: rough endoplasmic reticulum, mit: mitochondria). Group 1 had degenerated
myelin (b, asterisk), swollen and degenerated mitochondria in the axoplasm (e, thick arrow), normal cytoplasm and organelles (h) and an
increase in the number of lysosomes (k, arrowheads). Group 2 had lamellar degeneration of myelin (c, f, asterisks) and enlarged axoplasmic
mitochondria (f, thick arrows). The perikaryon and organelles appeared normal (i) while the number of lysosomes increased more than in
group 1 (l, arrowheads). n: nucleus. (a, b) �3597; (c) �1670; (d, g, i–l) �6000; (e) �7750; (h) �4646.
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paraplegia and urinary retention following ESWL treatment

for ureteral stones. They proposed that the water-like fluid of

the syrinx cavity was a better conductor than the spinal cord

for transferring shock waves, which led to the serious and

irreversible changes to the nervous system surrounding the

cavity. In addition, Tosi and Terini13 reported a case of acute

urinary retention in a patient with post-traumatic syringo-

myelia following ESWL administration. The patient’s mag-

netic resonance imaging study showed enlargement of the

cystic cavity after ESWL treatment.

Although no gross neurological changes were seen in our

study, significant differences were observed within groups on

histopathological examination. ESWL caused not only

haemorrhaging but also damage to neuronal structures

except the nucleus. Transmission electron microscopic

examination of group 1 showed extravasated red blood cells

through the endothelium, swollen axoplasms, degenerated

mitochondria, destruction of myelin sheaths and a slight

increase in the number of lysosomes. The latter changes

reflect the cells’ efforts to clear the damaged organelles.

Extravasated red blood cells were also seen in group 2, which

also exhibited lamellar degeneration of the myelin sheaths.

The axoplasmic mitochondria were enlarged, but no sign

of mitochondrial degeneration was observed. Lysosomes

were more abundant than in group 1. If more significant

mitochondrial degeneration had occurred, normal cell

function could have been disrupted. The extent of myelin

degeneration and the increase in lysosome number was more

severe in rats that were exposed to higher kilovoltage. Myelin

is essential for normal nerve physiology, and myelin

degeneration is an important contributor to functional loss

in many central nervous system disorders, including trauma,

multiple sclerosis and stroke.15 The increase in the lysosome

number might be responsible for the removal of the

damaged tissues.

Extracorporeal shock wave lithotripsy treatment appears

safe when treating ureteral or renal stones lying near the

vertebral column, only if gross neurological results are

considered. However, our preliminary data showed that

EWSL caused damage to the spinal cord, and to our

knowledge this is the first study to demonstrate that ESWL

was responsible for spinal cord effects histopathologically.

The histopathological changes apparently did not cause

clinically obvious deficits in the rats. However, we only

evaluated neurological and histopathological outcomes 1

week after a single-dose ESWL application. Higher and

fractioned doses may cause significant damage to the spinal

cord. Further animal studies are needed to examine longer-

term outcomes, electrophysiological and biochemical effects

and whether the histological results are permanent. In

addition, ESWL can serve as an experimental model of rat

spinal cord injury due to the neuronal degeneration

observed.
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Table 1 Summary of histopathological findings

Pathology Group 1 Group 2

Haemorrhage +++ ++
Capillary damage None None
Axoplasm Degenerated

mitochondria
Enlarged mitochondria,
damaged myelin figures

Myelin sheath Lamellar degeneration Lamellar degeneration

Perikaryonic organelles
Nucleus Normal Normal
Rough endoplasmic
reticulum

Normal Normal

Mitochondria Normal Enlarged
Lysosomes Numerous Abundant
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