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Breast cancer is the most common type of cancer 
in women. 

And the second most common type of cancer over all 



SO, WHAT EXACTLY 
IS CANCER? 



CELL 
Smallest structural and functional unit of a living body or 

an organism 



CANCER 
Some cells change their nucleic structure and grow 

uncontrollably 



CANCER 
SCREENING 
Generally a mammogram is taken to detect the tumor location 
and size 

 
X Rays (Mammography) 
Ultrasound 
 
Biopsy 



HOW TO KILL THE  
CANCER CELLS? 



1. 
NECROSIS 

2. 
APOPTOSIS 



1. 
NECROSIS 

2. 
APOPTOSIS 

Cell death due to rupturing of the  
CELL MEMBRANE 

Cell 

Nucleus Ruptured cell Membrane 



1. 
NECROSIS 

2. 
APOPTOSIS 

Cell death due to fragmentation of the Cells 
into membrane bound particles 

Cell 

Nucleus 

Fragmented cell particles 



CURRENT TECHNIQUES 
TO CURE BREAST 

CANCER 
Radiotherapy 

Chemotherapy 
Hormone therapy 
Biological therapy 

Surgery 

 



SURGICAL 
TREATMENT 

MASTECTOMY LUMPECTOMY MINIMALLY INVASIVE 

TISSUE TUMOR 



MINIMALLY 
INVASIVE 

SURGERY 

Radio frequency Ablation 
Microwave Ablation 
Laser Ablation 

Ethanol Ablation 
Chemoembolization 

Cryoablation 

HEATING 

CHEMICAL 

FREEZING 



CRYOABLATION 
CRYO: Icy cold   |  ABLATION: Surgical removal of tissue 

 
Treatment to kill cancer cells with extreme cold 



EXTRACELLULAR  
ICE FORMATION 

Extracellular ice crystals form at -20 deg C 
Water is drawn out due to osmotic pressure 

Death due to ‘Solution Effect’ 



INTRACELLULAR  
ICE FORMATION 

Intracellular Ice Formation (IIF) 
Extracellular ice may enter the cell through micro-pores 

Formed IIF kills the cells with most certainty 



No. Patent No. Name Relevance Source 

1. US5899897 Method and apparatus for 
heating during Cryosurgery 

Heating device United States Patent 

2. US5674218 Cryosurgical Instrument and 
System and Method of 
Cryosurgery 

Process understanding United States Patent 
 

3. US4946460 Apparatus for Cryosurgery Setup United States Patent 
 

LITERATURE 
REVIEW 



ERGONOMIC 
STUDY 
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TASK ANALYSIS 

PRE OPERATIVE 
•  Patient Preparation 
•  OT Setup 
•  Device Preparation 
•  Mammogram 

OPERATIVE 
•  Tentative location of the 

tumor is mapped on the 
contours of the breast  

•  Visualization of tumor is 
carried out by using a 
Ultrasound device 

•  Incision is made 
•  Probe is inserted 
•  Freezing and thawing cycle 
•  Monitoring the ice ball 

growth 
•  Freezing and thawing cycle is 

repeated 
•  Removal of Probe 

POST OPERATIVE 
•  A suture is used to close 

the incision if required 

FOLLOW UP 
•  The tumor site is monitored 

to check for relapse and 
infection  

PROBLEMS 
•  Monitoring the ice growth accurately 
•  Incision size 
•  Need for multiple incisions 
•  Holding the probe through the freeze 

thaw cycle 



Inner Tube 

Outer Tube 

Liquid Nitrogen 

Vacuum Jacket 

NEW GENERATION 
CRYOPROBE 
Designed by:Abdul Mateen A.G. Shaikh, Atul Shrivastava and Prof. MD Atrey 



Designed by: Abdul Mateen A.G. Shaikh, Atul Shrivastava and Prof. MD Atrey 



Data Acquisition  
System 

Vapor Separator 

Cryoprobe 

Vacuum 
Separator 

Ice ball 
Formation 



NEW GENERATION 
CRYOPROBE 
Designed by:Abdul Mateen A.G. Shaikh, Atul Shrivastava and Prof. MD Atrey 

  

PROBLEMS 
•  Incision size is 5 mm 
•  No control over ice growth 
•   Healthy tissue is damaged 
•  Prior incision has to be made to insert 

the probe 
•  Cooling and thawing cycle 
•  Device Setup 
•  Monitoring 



Dr. Bhansali 
Senior Laparoscopic 

surgeon 

Dr. Hrishikesh 
Kulkarni 

Internal Medicine 
Specialist 

Dr. Rakesh 
Neve 

Oncosurgeon 

Dr. Utkrant 
Kurlekar 

Oncosurgeon 

INSIGHTS 
•  Breast Cancer scenario in India 
•  Lumpectomy is the most widely used 

surgical alternative 
•  High costs for cryosurgical setups 
•  Used for external applications with 

visible tissue USER STUDY 



BRIEF 
To design a probe for Cryoablation of tumors in breast 

tissue with system and process proposition 



SYSTEM 

•  All integrated system 
•  Easy to access and use 

•  Probe stabilization 
•  Mobility 



PROBE 

•  Minimum damage to the healthy tissue 
•  Ergonomic handle 

•  Holding time 
•  Biocompatible materials 
•  Sterilization procedures 
•  Easy to setup and use 

•  Lesser number of steps 
•  Minimize the frosting on the probe 
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Probe 

Pressure 
Valve 

Liquid 
Nitrogen 
Tank 

Pump 

Heating 
element 

Insulating 
trocar 

Probe 

Pressure 
Valve 

Liquid 
Nitrogen 
Tank 

Heating 
element 

Insulating 
trocar 

Vacuum 
chamber 

Vent 

CLOSED SYSTEM OPEN SYSTEM 
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CONCEPT 1 

MERITS: 
o  Small Compact device 
o  Portable 
o  Less wastage 
o  Easy to adapt 
 

DEMERITS: 
o  Higher component costs 
o  Complicated setup 
o  Amount of LN2 required 

for surgery 
	



MERITS: 
o  Probe support 
o  Smaller initial 

investment costs 
 

DEMERITS: 
o  Not an integrated 

system 
o  Amount of LN2 required 

for surgery 
o  Complicated setup 
o  Higher component cost 
	

CONCEPT 2 



MERITS: 
o  Mobile setup 
o  Integrated design 
o  Probe support 
	

DEMERITS: 
o  Larger size 
	

CONCEPT 3 



MERITS: 
o  Cheaper in the long run 
o  Specialized Operation 

theatres 
o  No dependency on 

external agency 
	

DEMERITS: 
o  Higher initial investment 

costs 
o  Time required to modify 

OT 
	

CONCEPT 4 



Concept 1: Hand 
held device 

 Concept 2: Table 
top device 

Concept 3: Mobile 
compact setup 

Concept 4: Inbuilt 
setup for OT 

Advantages Small Compact device 
Portable 
Less wastage 
Easy to adapt 
 
 

Probe support 
Smaller initial investment costs 

Mobile setup 
Integrated design 
Probe support 
 

Cheaper in the long run 
Specialized Operation theatres 
No dependency on external 
agency 

Disadvantages Higher component costs 
Complicated setup 
Amount of LN2 required for 
surgery 
 

Not an integrated system 
Amount of LN2 required for 
surgery 
Complicated setup 
Higher component cost 

Larger size 
 

Higher initial investment costs 
Time required to modify OT 
 



SYSTEM 
PROPOSITION 
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Brainstorming 

How to 
minimize 

healthy tissue 
damage? 

Tissue volume Monitoring 













MERITS: 
o  Insulating material like 

ceramic or glass used 
o  Separate trocars 
o  No separate incision 

required 
	

DEMERITS: 
o  Incision width above 

4mm 
o  Brittle materials 
o  Insulating capacity 
o  Possibility of damage or 

loss of trocars 
	

CONCEPT 1 



MERITS: 
o  Integrated design 
o  Easy and quick to use 
o  Precision grip for 

accuracy 
 
	

DEMERITS: 
o  Sterilization 
o  Frosting  

	

CONCEPT 2 



INSULATING TROCAR 
 Concentric tubes with vacuum in the cavity 
between them. 
 
Teflon coating in the inner wall  



PROBE 
 Concentric tubes with vacuum jacket 
 
A provision for attachment of the needle 
 
Teflon coating on the outer surface for added 
insulation and to reduce friction 



THAWING 
SETUP 
 A heating element is inside the insulating trocar 
 
Wound over the inner steel tube 



DIMENSIONS 
 



Grip 1 Grip 2 Grip 3 



GRIP  
VALIDATION 
 



FORMAL ASPECT 
 



FORMAL ASPECT 
 



INSPIRATION BOARD 
 



















FUTURE SCOPE 
System design and detailing 

Testing and trials 
 






