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Abstract

Purpose: To study the pathomechanism of shock wave injuries to the femoral artery, vein and nerve in dogs.

Materials and methods: High-energy shock wave (0.47 mJ/mm? energy flux density) were applied to the right femoral artery, vein and
nerve in nine mongrels, and the left side was used as control. Macroscopic examinations including structure integrity. edema, discolouration
and extravasation; and microscopic examinations including detachment of the intima layer, disruption of the medium layer, capillary
congestion, neutrophil margination and extravasation of the outer layer and the surrounding tissues were performed in 2 h, and in 4 days,
respectively, after shock wave application.

Results: The most serious injuries included disruption of the medium layer with separation trom the adventitia layer of the femoral artery.
The injuries to the femoral vein and nerve predominantly involved the outer adventitia layer and the surrounding tissues. Mild nerve bundle
swelling was noted in most cases. There were capillary congestion, neutrophil margination and extravasation indicative of inflammatory
tissue reaction after shock wave application.

Conclusion: High-energy shock waves caused serious injuries to the femoral artery, vein and nerve, especially the femoral artery and
inflammatory reaction to the surrounding tissues. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction and background age to the major neurovascular structures caused by shock
waves to our knowledge. The purpose of this study was to

Extracorporeal shock wave therapy is a widely accepted investigate the magnitude and the pathomechanism of shock
method of treatment in patients with urinary stones. Re- wave injuries on the femoral artery, vein and nerve in dogs.

cently, shock waves had been used in the treatment of certain
orthopaedic disorders [1—4]. The value of shock waves had
been proven in the treatment of chronic non-unions of the
long bone fractures with 75-88% success [1,5-8], and there
is a positive effect in tennis elbow, painful heel and calci-
fying tendinitis of the shoulder [1—4]. More recently, shock
waves have also shown positive effect in the treatment of
avascular necrosis of the femoral head [9]. Shock wave treat-
ments are associated with certain risks including injuries to
the neurovascular structures adjacent to bone tissues. Shock
wave therapy generally s not recommended in fractures
near open epiphyses because of the potential for disrupting
growth, and fractures near major neurovascular structures
such as those in the spine, chest or skull because of poten-
tial damage to these structures. However, there has been no
reported study on the magnitude and the mechanism of dam-

2. Materials and methods

This investigation was studied in nine mongrels with
body weight ranging from 12 to 17kg. The study was
approved by the Institutional Review Board and was per-
formed under the guidelines of the care and use of ani-
mals in research. The source of shock waves was from an
OssaTron orthotripter (High Medical Technology, Kreu-
zlingen, Switzerland). The dogs were anesthetised with
intra-muscular ketamine (15 mg/kg) and intravenous pento-
barbital (30 mg/kg). High-energy shock wave ot 5000 im-
pulses at 20kV (equivalent to 0.47 mJ/mm? of energy flux
density) was applied to the femoral artery, vein and nerve
ot the right groin. The left side received no shock wave and
was used as control. The location of shock wave application
was determined by palpation of the femoral artery, and the
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contact with the shock wave tube. Immediate after shock
wave application, the right groin was examined for redness,
swelling, edema, petechiae, hematoma or bleeding.

Five dogs were euthanised in 2 h after shock wave appli-
cation. The femoral artery, vein and nerve from both groins
were explored and the gross findings of these structures were
carefully inspected. The macroscopic examination included
structure integrity, discoloration, edema, extravasation, lac-
eration or disruption. Then a 2c¢m long specimens from the
femoral artery, vein and nerve were removed for microscopic
examination. The remaining four dogs were sacrificed 4 days
after shock wave application and similar procedures were
performed.

The biopsy specimens were kept in formaldehyde solution
until microscopic sections were performed. The microscopic
sections of the femoral artery, vein and nerve were stained
with hematoxylin and eosin stain, and the nerve tissues were
also stained with Luxol fast stain. The microscopic features
examined included fragmentation or detachment of the in-
tima layer, haemorrhage or disruption of the medium layer,
separation or disruption between the medium layer and the
adventitia layer, capillary congestion, neutrophil margina-
tion and extravasation of the surrounding tissues. The nerve
fibres were also examined tor swelling, separation and dis-
ruption as well as Schwann cell distribution.

The severity of injury was graded as mild, moderate and
severe: mild injury was defined when the damaged area in-
volved less than one-third of the structural circumference;
moderate injury was defined when the injury involved more
than one-third. but less than two-third of the circumference,
and severe injury was defined when the injury involved more
than two-third of the structural circumference. The degree of
capillary congestion was graded as mild when the size of the
capillary on the affected side is larger but less than twice of
the control side; moderate when the size of capillary is twice
of the control size, and severe when the capillary size is three
times or larger than the control. The neutrophil margination
was graded based on the number of neutrophils attached to
the periphery of the capillary wall, and the neutrophil ex-
travasation by the number of neutrophils scattered within the
surrounding tissues. The swelling of nerve fibre was defined
when there were vacuoles present between nerve bundles,
and the degree of swelling was graded according to the num-
ber of vacuoles present. In addition, nerve fibres were ex-
amined for orientation and arrangement as well as Schwann
cell distribution. The macroscopic and microscopic findings
of the study group were examined with direct comparison
with those of the control group.

3. Results
3.1. Macroscopic findings

In the control group, the femoral artery. vein and nerve
showed grossly normal appearance with smooth surface and
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normal elasticity. There was no evidence of swelling or
haemorrhage and the structures were intact.

In the study group, none of the limbs showed ischaemic
change after shock wave application. Two of the four dogs
which were sacrificed in 4 days after shock wave application
walked with a slight limp on the right leg, but there was no
evidence of complete paralysis. The femoral artery, vein and
nerve were structurally intact and none showed evidence of
haemorrhage. The tissue elasticity appeared normal. There
was no gross disruption, laceration or erosion. There was
no discernable difference on the gross appearance of the
five cases examined in 2 h as compared to those four cases
examined in 4 days after shock wave application. However,
local oedaema and discoloration of the tissues were noted
in all study cases.

3.2. Microscopic findings

3.2.1. Changes in femoral artery

The specimens of the control group showed intact arte-
rial walls, which consist of gearwheel shaped intimal layer
of elastic lamina. muscular medium layer and outer advaen-
titial layer with normal surrounding tissues and capillaries.
None of the specimens showed detachment, separation or
disruption of the arterial wall or congestion of the surround-
ing tissues.

The specimens of the study group, however, showed
damages in the intima layer in all cases with 1 severe, 3
moderate and S mild. The five cases obtained in 2h after
shock wave application showed 1 severe, 2 moderate and
2 mild damages; while those four cases obtained 4 days
after shock wave application showed 1 moderate and 3 mild
damages.

The damages to the medium layer were 3 severe, 6
moderate and none mild. Those five cases which were
obtained in 2h after the shock wave application showed
severe damage in 2, moderate in 3 and none mild; and the
other four cases which were obtained 4 days after shock
wave application showed severe damages in | moderate
in 3 and none mild. One case showed severe haemor-
rhage and disruption of the smooth muscles in the medium
layer.

The injuries of the adventitia layer were severe in 1, mod-
erate in 5 and mild in 3. The damage in the five cases ob-
tained 2h after shock wave application were 0 severe, 3
moderate and 2 mild; and the results of those four cases
which were obtained 4 days after shock wave application
were | severe, 2 moderate and | mild. One case also showed
tissue necrosis. The capillary congestions were 0 severe, 6
moderate and 3 mild; and the neutrophil extravasation were
0 severe, 5 moderate and 4 mild. These changes were sim-
ilarly distributed between specimens obtained at 2 h and at
4 days after shock wave application. The most serious dam-
age to the temoral artery occurred in the medium muscular
layer. A typical case of injury to the femoral artery is shown
in Fig. 1A and B.
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Fig. 1. (A) Microphotograph of a temoral artery showing focal intimal detachment (smaller arrowheads). medium layer disruption (arrows), and separation
and disruption of the adventitia layer (large arrowheads) atter shock wave application (hematoxylin—eosin stain x 50); (B) microphotograph of the same
specimen showing capillary congestion and neutrophil margination (arrowheads) (hematoxylin—eosin stain x 100).
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Fig. 2. (A) Microphotograph of a femoral vein showing intact intimal and medium layers with tocal disruption of the adventitia (arrows) and capillary
congestion (arrowheads) after shock wave upplication thematoxylin-—cosin stain x 30): (B) microphotograph of the same specimen showing neutrophil
margination (hematoxylin—eosin stain x 100},
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)

Fig. 3. (A) Microphotograph of a femoral nerve showing capillary congestion after shock wave application (Luxol fast stain x 50); (B) microphotograph
of the same specimen showing ncutrophil margination (arrowhead) (Luxol fast stain x 50).
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..... Changes in femoral vein

The specimens of the control group showed normal his-
tologic findings of an intact vein with well-preserved inner.
medium and outer layers. None of the specimens showed
swelling, edema or tissue disruption.

None of the specimens of the study group showed dam-
ages (o the inner layer and the medium layer. However, all
specimens showed injuries to the outer adventitia tayer with
0 severe, 2 moderate and 7 mild. The injuries of the ad-
ventitia fayer were similarly distributed between specimens
obtained in 2h and in 4 days after shock wave application.
Two cases which were obtained in 4 days after shock wave
application also showed neutrophil infiltration and this was
probably related to surgical trauma.

The capillary congestion in the surrounding tissues were
severe in 3, moderate in 4 and mild in 2; and the neutrophil
margination and extravasation were | severe, 4 moderate
and 4 mild. The damage to the femoral vein were more
noticeable in the outer adventitia fayer and the surrounding
tissues. A representative case of injury to the femoral vein
is shown in Fig. 2A and B.

Tuble |
Microscopic findings of shockwave induced injuries on femoral artery.
vein and nerve

Anatomic arca Femoral Femoral Femoral
artery vein nerve
Intima layer
Severe P (%) () NA
Moderate 3(33.3%) 0
Mild 5 (35.69%) 0
None 0 9 (100%)
Medium layer
Scvere 3 (33.3%) 0 NA
Moderate 6 (66.7%) 0
Mild 0 0
None 0 9 (100%)
Advenlitia layer
Severe L) 0 NA
Moderate 5 (55.6%) 2(22%)
Mild 3 (33.3%) 7 (887%)
None 0 0
Cupillary congestion
Severe 0 3 (33.39%) 2(22.2%)
Moaderate 6 (66.7%) 4 (H4%) 5 (53.6%)
Mild 3 (33.3%) 2(22.29%) 2(22.2%)
None 0 0 0
Neutrophil margination/extravasation
Severe 0 I (11.1%) 0
Moderate S (35.6%) 4 (44.4%) 4 (44.49%)
Mild 4 (4 .49%) 4 4449 5 (55.6%)
None 0 0] 0
Nerve fihre swelling
Scvere NaA NA 0
Moderate L1115
Mild 7177.8%)
None Foltise
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3.2.3. Changes in femoral nerve

The specimens of the control group showed normal ap-
pearance of myelinated nerve fibres with Schwann cells.
There was no capillary congestion, neutrophil extravasation,
or vacuole present between the nerve bundles with Luxol
fast stain.

Nerve fibre swelling was noted in eight of nine specimens
of the study group with 0 severe, 1| moderate and 7 mild.
The capillary congestions in the surrounding tissue were
severe in 2, moderate in 5 and mild in 2; and the neutrophil
margination and extravasation were (0 severe, 4 moderate
and 5 mild. The damage to the temoral nerve were similar
in both specimens which were obtained in 2 h and in 4 days,
respectively, after shock wave application. The injuries to
the surrounding tissues were more pronounced than injuries
to the nerve fibres. A representative case of femoral nerve
injury is shown in Fig. 3A and B. The details of microscopic
findings of shock wave induced injuries to the femoral artery.
vein and nerve are summarised in Table 1.

4. Discussion

The mechanism of shock wave therapy is not vet known.
However, it was postulated that high-energy acoustic
shock waves may cause microtrauma or microfracture and
hematoma formation, which in turn, stimulate neovascular-
isation and enhance bone healing and relieve pain at the
tendon-bone junction [1,7.10]. Both high and low energy
shock waves have been used in the treatment of certain
orthopaedic disorders [1-8.10]. Shock wave therapy is con-
traindicated in certain anatomic areas such as skull, chest
and spine because of the potential risk of injury to the major
structures [10-14]. The incidence of shock wave complica-
tions varied significantly with the location of treatment and
the amount ot shock wave energy [12-14]. High-energy
shock waves can theoretically cause more serious injury to
the neurovascular structures than low energy shock waves.

Some authors reported infrequent and low complications
after shock wave therapy {2.11,12]. Fuchs et al. [12] stated
that there is an impressively low incidence of complica-
tions related to the energy of shock wave. The severity
and extent of damage are dose and pressure-dependent.
Damage to nearby organs such as pulmonary. gastric. duo-
denal or colonic contusions, constitute a very infrequent
complication. Elevation of liver enzymes was also noted
after lithotripsy. but these changes are transient and have
no significant clinical consequences. Loew and Jurgowski
[2] reported marked reduction of symptoms and improve-
ment in function of the shoulder with 2000 impulses of
shock waves in patients with calcifying tendinitis of the
shoulder. MRI did not show any lasting damage to bone
or soft tissue. Carey and Stwreem [11] showed that the pres-
ence of an ipsilateral calcified aneurysm cannot necessarily
preciude treatment of renal or upper ureteral calculi with
extracorporeal shock wave lithotripsy.
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Other studies, however, reported signiticant shock
wave related injuries [12-14]. Knapp et al. [15] demon-
strated an age-related positive linear correlation between
post-therapeutic resistive index and patient age. Elderly pa-
tients have a higher risk of post-ESWL renal tissue damage.
Rigatti et al. {13] demonstrated edema and extravasation
of urine and blood into the interstitutial spaces, blocking
of cortical tubules by hemorrhagic streaks with signs of
endothelial destruction and partial organisation of thrombi
and abnormalities of the endothelium and glomerular ep-
ithelium. hemosiderin and patches of tibrosis after extra-
corporeal shock wave lithotripsy. Weber et al. [14] reported
after 1000 shock waves at 18 kV lithotripsy in 20 patients.
15 (75%) showing gross cvidence of marked vascular in-
jury, only 5 (25%) normal or minimally affected. Gross
interstitial haemorrhage (15/20). subcapsular haemorrhage
(7/20) and haemorrhages into the renal pelvis (5/20) were
contirmed. However, the nature of vascular injury and its
mechanism by low energy shock waves were not described.

Shock wave therapy has been used in the treatment of cer-
tain orthopaedic disorders including chronic nonunions of
the long bone tractures and avascular necrosis of the femoral
head [1,5-9]. The application of shock wave is associated
with the risk of injury to the neurovascular structures ad-
Jacent to bone. To our best knowledge, there has been no
reported study on shock wave injuries to the neurovascu-
lar structures of the extremities. The results of the current
study showed that high-energy shock waves caused severe
injuries to the femoral artery including intima detachment
and interstitial haemorrhage in dogs.

The findings of the current study showed that high-energy
shock waves caused considerable damages to the major
neruovascular structures including the femoral artery, vein
and nerve. The severity of injury was more pronounced
in the femoral artery than the femoral vein and nerve in
that order. This was explained by the fact that femoral
artery is firmer and less resilient than the femoral vein and
nerve and is more susceptible to injury from shock wave
application.

The injury to the temoral artery was most pronounced in
the muscular medium layer. The disruption of the muscle
layer may potentially weaken the arterial wall, and this fur-
ther is compounded by the disruption and necrosis between
the medium and the adventitia layers. and the risk of even-
tual aneurysim formation and catastrophic haemorrhage. The
detachment of the intima layer may potentially cause throm-
bosis and ocelusion of the artery. The capillary congestion,
neutrophil margination and extravasation of the surround-
ing tissues clearly indicated an inflammatory tissue reaction
due to shock wave application. Whether these injuries are
reversible or not remains unanswered at the present time be-
cause none of the limbs from this study showed ischaemic
changes. However, based on the microscopic findings the
nature of injury suggests that the pathomechanism of shock
wave induced injuries to the femoral artery is likely to be
irreversible.

The injuries to the femoral vein were less severe, and they
primarily involved the outer adventitia layer. The presence
of capillary congestion, neutrophil margination and extrava-
sation also contirmed an inflammatory tissue reaction of the
femoral vein due to shock wave application.

Damage to the femoral nerve included moderately se-
vere inflammatory tissue reaction with increased capillary
congestion, neutrophil margination and extravasation of the
surrounding tissues, and mild nerve fibre swelling in most
cases. There was no gross disruption or distortion of the
nerve bundles and alteration of Schwann cell distribution.
None of the four dogs, which were sacrificed 4 days after
shock wave application showed clinical evidence of femoral
nerve paralysis.

In conclusion. high-energy shock waves caused serious
damages to the femoral artery, vein and nerve, especially the
femoral artery. The nature of injury suggests that the path-
omechanism of shock wave induced injuries to these vital
structures are likely to be progressive and irreversible. There-
fore, shock waves are contraindicated in certain anatomic
areas containing vital structures. In clinical application of
shock wave therapy for orthopaedic disorders of the extrem-
ities, precautions must be made to avoid direct shock wave
contact with the major structures including femoral artery.
vein and nerve.
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