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The effect of shock waves on biological systems has 
been extensively researched for its traumatic effects. 
Few research groups have attempted and successfully 
harnessed the power of shock waves for therapeutic 
benefits. In neurosurgical applications, shock waves 
have been explored as a brain dissection tool. How-
ever, the difficulties of controlling the effects of shock 
waves preclude the safe use of shock waves in neuro-
surgery. The present study focuses on understanding 
the effects of shock waves on meningiomas, tumours 
that arise from the protective layers of the brain. 
Freshly excised meningioma specimens, subjected to 
shock waves generated manually using a Reddy tube, 
were examined.  
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BRAIN tumours vary in consistency depending on their 
tissue of origin and tumour tissue framework. They vary 
from cysts to hard bony tumours. Meningiomas are  
tumours that arise from the meninges, the protective 
membranous layer surrounding the brain and spinal cord. 
They are usually firm, sometimes soft and rarely hard. At 
diagnosis they range in size from small tumours that 
come to attention by symptoms such as seizures to large 
bulky tumours that remain silently asymptomatic. These 
tumours are usually firm in consistency, a feature de-
pending on the tissue characteristics of a dense fibrous 
framework. It is rare for these tumours to be cystic or 
calcified. The consistency of meningiomas is also deter-
mined by its vascularity. Surgical principles for safe  
tumour removal include de-bulking the tumour piecemeal 
to reduce it to a shell and then dissecting it meticulously 
from the surrounding brain.  
 Meningioma surgery has influenced the history and 
evolution of neurosurgery over centuries. Technological 
advancements inducted into neurosurgical practice made 
neurosurgery easier and safer for patients. In the eigh-
teenth century, surgical explorations, caustic lime appli-
cation and extirpation of meningioma by the surgeon’s 
fingers, resulted in death due to infection and bleeding1. 
The introduction of electro-cautery in surgery enabled 

haemostasis and improved survival following surgery for 
meningioma2,3. Bipolar electrocautery, monopolar elec-
trocautery with ring-tip remained the adjunct for tumour 
de-bulking. Soft tumours yield to gentle manipulation and 
suction, while firm and hard tumours are cut with a sur-
gical blade. The introduction of the cavitron ultrasonic 
suction aspirator (CUSA, Söring®/Stryker® Sonopet) 
further eased the process of de-bulking4–6. Despite im-
provements in CUSA technology such as the introduction 
of the shear wave technology, neurosurgeons still face 
difficulties in pulverizing firm and hard meningiomas7. 
 Shock tubes have been used for a variety of applica-
tions. They have traditionally been devised by engineers 
to understand shock waves, simulate explosions and  
research mitigation techniques8. Applications include 
heat and gas flow studies in jet engine design, space shut-
tle re-entry simulation, and molecular chemical kinetics 
studies9–11. The possibility of using controlled shock-
waves to disintegrate firm-consistency meningiomas 
formed the basis of our experiments. Manually operated 
piston-driven shock tube, capable of delivering Mach 2 
shock waves was used for the experiments12.  

Methodology 

The shock tube was devised using a medical syringe as 
the driver segment (Figure 1 a). A plastic chamber was 
designed to hold a thin plastic film membrane interposed 
between the syringe and driven-segment (Figure 1 b). For 
the driven segment a plastic tube of internal diameter 
2 mm was used. The piston was manually driven to rup-
ture the plastic membrane to generate a shock-wave in the 
driven section at the end of which the tissue specimen 
was placed. A specially designed steel chamber was used 
for holding the tissue and to prevent dislodgement of the 
tissue during shock wave exposure (Figure 1 c). The 
technical details and performance parameters of the Red-
dy tube have been previously described12. 
 The study protocol was approved by the Institute  
Ethics Committee. Four patients with a diagnosis of large  
intracranial meningioma were included in the study. The 
availability of sufficient tissue sample for an accurate  
histopathological diagnosis was ensured. The specimen 
was divided into two pieces. The average size of the  



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 120, NO. 10, 25 MAY 2021 1588

divided specimen was 2.5 cm. One part of the divided tis-
sue specimen was subjected to shock wave exposure us-
ing a Reddy tube. The other part was labelled as control. 
The shock-wave exposed specimen and the control spe-
cimen were immediately fixed in formalin and subse-
quently subjected to histopathological examination. Gross 
and microscopic examination studies were performed and 
observations recorded. 

Results 

Four sets of samples (experimental and control) were  
examined for their gross and microscopic features. The 
consistency of these tumours at surgery was described as 
firm by the operating surgeon. These tumours had to be 
cut with a surgical blade for de-bulking during surgery.  
 On gross examination, two samples subjected to shock-
waves showed evidence of changes attributable to shock-
waves. One specimen showed linear zones of congestion 
close to the surface while the other specimen showed a 
pale glistening myxoid area running along the periphery 
close to the surface.  
 Using high power microscopy, two of the specimens 
were histologically identified to be fibroblastic meningio-
mas, one was an atypical meningioma and the fourth  
specimen was an angiomatous meningioma. The descrip-
tion of microscopic features in the four specimens  
subjected to shock-wave is as follows. 

Specimen 1 

Histopathological diagnosis: Fibroblastic meningioma 
Grade I. 
 

 
 

Figure 1. a, The Reddy tube crafted using a medical syringe. b, The 
casing interposed between the syringe and the driven section tube holds 
a plastic film diaphragm. c, Specially designed tissue holder with a 
rimmed cavity that prevents dislodgement of the tissue during shock 
wave exposure. d, The manual application of shock wave on meningi-
oma specimen using the Reddy tube. 

Histopathological features in test specimen: Zones of 
haemorrhage were noted close to the surface, both as a 
thin film capping tumour at interface with dura and dis-
rupting the tumour beneath (to a depth of ~3 mm) with 
oedema and vacuolation of stroma focally. The large 
thick-walled meningeal vessels were intact with thick 
muscle coat showing spasm. The smaller venules within 
the tumour were disrupted with diapedesis of RBCs into 
the adjacent tumour. Focal cavitation with cystic space 
was seen in tumour stroma with surrounding vacuolation 
and haemorrhage. The tumour adjacent to the haemorr-
hage and cavitation did not show morphological altera-
tions. The nuclear character and cytoplasm were well 
preserved including presence of nuclear grooves. An in-
triguing finding noted was a mild degenerative nuclear 
atypia; however, no increase in mitosis or necrosis was 
identified (Figure 2). 

Specimen 2 

Histopathological diagnosis: Fibroblastic meningioma 
Grade I. 
 
Histopathological features in test specimen: Dense 
stromal and vascular hyalinization and small foci of peri-
vascular coagulative necrosis were observed. Within 
these zones, the tumour cells appeared rounded with nuc-
lear smudging and karyorrhexis. Along the periphery of 
the tumour, multiple rounded scarred foci of varying  
sizes were observed having seams of thick collagen  
appearing to encircle empty vascular channels. Most had 
no remnant endothelial lining (Figure 3). 

Specimen 3 

Histopathological diagnosis: Atypical meningioma  
Grade II. 
 
Histopathological features in test specimen: The speci-
men showed a large geographic focus of scarring. In  
this zone thin strands of delicate collagen were seen  
traversing the scar. The tumour cells appear to be dis-
solved out except for strands of entrapped tumour  
cells traversing the scar. The stroma was loose, oedemat-
ous and vacuolated. The vessels within the scar  
were noted to be thin walled and did not show much  
collagen except in the core of the scar where thin dilated 
veins were entrapped in collar of collagen. Shrinkage  
of the nucleus with loss of nucleoli was noted immediately 
subjacent to the scar. Higher mitotic activity was  
observed. The lesioned area showed more prominent 
shrinkage and periphery shows intact viable tumour  
(Figure 4). 
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Figure 2. a, Surface shows small foci of haemorrhage in gross specimen; b, On microscopy haemorr-
hage is seen only close to surface; c, Haemorrhage along surface of tumour (*) with large meningeal ves-
sels (arrow) showing spasm but no rupture; d, Intra-parenchymal venules (arrow) show rupture; e, Zones 
of intra-tumoural haemorrhage; f, Small cystic cavitation within the tumour. 

 
 

 
 

Figure 3. a, d, Whole mount view of tumour shows dense fibrosis (arrow) along surface; b, c, Closeup 
view of large zones of scarring in tumour (arrows); e, f, Thick bands of collagen replacing tumour (e) 
seen as blue bands on Masson trichrome (MAT) with few remnant tumour cells entrapped ( f ). 

 
 
Specimen 4 

Histopathological diagnosis: Angiomatous meningioma 
Grade I. 
 
Histopathological features in test specimen: Loss of  
microcystic areas in the stroma was observed. The nodu-
lar aggregates of the tumour appeared coalescent with  
inter-nodular areas showing collapse of stroma causing 
numerous small blood vessels to aggregate. The large 
hyalinized vessels appeared less conspicuous. Some of 
the nodules of the tumour cells showed central cavitation. 
Along the periphery, the stroma was loose with aggrega-
tion of hyalinized vessels (Figure 5). 

 To summarize, fibroblastic meningiomas subjected to 
shock-wave revealed haemorrhage, vascular congestion, 
oedema, vacuolation, coagulative necrosis and prominent 
vascular/stromal hyalinization. The atypical meningioma 
specimen showed large zone of scarring with dissolution 
of tumour cells. Loss of microcystic spaces, cavitation of 
tumour, aggregation and arterialization of small blood 
vessels were noted in the Angiomatous meningioma with 
microcystic change.  

Discussion 

Shock waves have been used in a plethora of medical 
fields. Currently, shock wave as a therapeutic modality 
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Figure 4. Large central scar (*) is seen (a, b) with core showing thin veins (c, arrow) entrapped in col-
lagen and loose matrix (d, *). No tumour cells are seen within the scar (e). Adjacent to scar, tumour 
showed shrinkage of tumour cells with more frequent mitosis ( f ). (H&E, Hematoxylin and eosin stain; 
MAT, Masson’s trichrome stain). 

 

 
 
Figure 5. Tumour shows intratumoral haemorrhage (a*, b*). There is 
loss of microcystic change, collapse of nodules with shrinkage of ves-
sels forming a leash between the nodules (*, c, d). 
 

has been approved only for limited indications, while 
several applications in medicine have been explored. 
Extracorporeal shock wave lithotripsy (ESWL) is used in 
pulverizing renal, gallbladder and pancreatic calculi13–15. 
Shock waves have been found useful in the treatment of 
orthopaedic conditions, tapping the osteo-inductive and 
other potential biological effects of shock waves16.  
Tendinopathies, plantar fasciitis and bone non-union have 
been treated successfully.  
 The use of shock waves in head and neck region of the 
human body, particularly the brain, has certain limita-

tions. Salivary gland calculi have been successfully 
treated with shock waves17. Certain factors restrict the 
use of shock waves in the vicinity of the brain. The brain 
is a soft organ and the transmission of shock wave applied 
on the brain is unpredictable and difficult to control. 
Thus, restricting the effect of shock wave to a target area 
would be difficult. Secondly, the hardware and technique 
to deliver a shock wave of predicted intensity and propa-
gation to target areas in the brain where neural tissue and 
blood vessels are anatomically placed intricately is lack-
ing18. Experimental studies on clot disintegration in 
stroke using shock wave induced liquid jets have not yet 
evolved into clinical practice19,20. Shock wave technology 
has also been used for gene delivery into cells21. Using 
similar principles, shock wave-driven drug delivery sys-
tems have been developed22. 
 Underwater shock wave generated using pulsed 
Ho : YAG laser beam irradiation in water have been  
experimentally studied on animal brains for brain tissue 
dissection and endoscopic ventriculostomy23. Shock wave 
mitigation by using Gore-Tex dural substitute has also 
been studied24. Complex neuro-anatomy, acoustic proper-
ties of the brain and technical issues with focusing shock 
waves at the exact pathological site where the effect is 
expected preclude the safe use of shock wave as a thera-
peutic modality in neurosurgery. However, shock  
waves continue to evoke interest among neuroscience  
researchers. In the treatment of spasticity, shock wave 
application has been found to be beneficial25,26.  
 Acts of terrorism and accidental explosions expose 
soldiers and civilians to blast generated shock waves. 
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Blast induced neuro-trauma (BINT) is a less-understood 
phenomenon. Researchers have attempted to replicate 
BINT using animal studies in free-field blasts and shock-
tube generated shock waves27,28. Although results of these 
studies provide an insight into the destructive effects of 
shock waves on the brain, controlled experiments in an 
attempt to harness the power of shock waves for neuro-
surgical applications are rare.  
 Tumours arising from the meninges, the protective  
layers of the brain termed as meningiomas vary in consis-
tency from being soft at one end of the spectrum to being 
hard and calcified at the other. Soft tumours are extir-
pated with ease using dissection and suction techniques. 
Firm tumours are usually removed using a cavitron  
ultrasonic suction aspirator (CUSA, Söring®/Stryker® 
Sonopet). Hard tumours are extremely difficult to be  
de-bulked. The neurosurgeon uses a sharp scalpel blade 
to surgically cut sections of the tumour in situ, before 
dissecting the tumour from the brain. This procedure is 
risky especially in deep surgical fields with vital neuro-
vascular structures in the vicinity of the tumour. In this 
scenario, the use of controlled shock waves to pulverize 
the tumour and soften it in situ was contemplated. 
Against this backdrop, this in-vitro study was done in 
freshly excised meningioma specimens using a shock-
tube.  
 The shock waves produced unique findings in the  
meningioma specimens. Congestion and myxoid changes 
were identified on gross examination in two specimens. 
Focal oedema and vacuolation, cavitation with cystic 
changes, coagulative necrosis and hyalinization were 
noted to a depth of 3 mm in the tumour specimen sub-
jected to shock wave. The venules within the tumour  
exhibited disruption with diapedesis of RBCs into the  
adjacent tumour.  
 The changes inflicted by the shock waves were con-
fined to the superficial layers of the tumour. There was 
no significant change in consistency of the areas facing 
the shock wave front. Dissolution of tumour cells, oedema, 
vacuolation, cavitation, coagulative necrosis could be  
associated with softening of the tumour. These changes 
were microscopic and observed in a small portion of the 
tumour facing the pressure wave. The microscopic 
changes noted in the tumour suggest a promising applica-
tion of shock wave in tumour disintegration in neurosur-
gery. However, issues concerning the expected damage to 
underlying brain by the unrestricted passage of shock-
waves to subjacent brain, limit the clinical use of shock-
wave based technology in brain tumour surgery. 

Conclusion 

Shock waves produced gross and unique microscopic 
changes in meningiomas. The study provides an insight 
into the effect of shock-waves on meningiomas. The safety 

concerns of shock-waves used to produce changes in  
meningiomas precludes its use in neurosurgical proce-
dures. Future research should be focused on techniques to 
control the depth of penetration of shock wave, shock 
wave mitigation techniques and improve the safety pro-
file for use in neurosurgery. 
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