
Background:
● Dr. Raval – Interventional Cardiologist
● Intracardiac Echocardiography (ICE) catheter is an 

imaging catheter
○ Small, precise, and clear images
○ Less invasive than transesophageal echocardiography

● Patient is awake

Catheter Saddle Dislodging Force Testing:
● Purpose: Compare forces required to significantly dislodge the 

catheter from the saddle component vs. the wet towel, and 3D 
vs. 4D ICE catheter

● Loading:
○ Catheter in device: bending, torsional, & tensile
○ Catheter in wet towel: torsional & tensile

● Measured force via force gauge
● Results:

○ Significantly more force required to dislodge the saddle 
component compared to the wet towel (p < 0.001 for torsional 
& tensile loading)

○ N.S. difference between torsional & tensile dislodging forces 
for 3D vs. 4D catheter (p > 0.05)

Prototyping:
● Apply client feedback to adjust design components
● Implement strap mechanism 
● Adjust magnet size and strength
● Fabricate device out of stainless steel

○ Welding, CNC mill, and lathe

Testing:
● Conduct interference testing of magnets with 

echocardiography 
● Use device in simulated procedure setting to assess overall 

efficacy
● Investigate compatibility of device with alternative 

catheters
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● Adjustable support fixture for ICE catheter
● Allow for use of ICE handle controls
● Adjustable height: 22.8 cm to 34.3 cm
● Material must withstand ethylene oxide, gas, or heat 

sterilization
● Compatible with many models and brands of ICE 

catheter
● Must be able to keep the catheter secured from load 

of 2 N
● Manufacturing costs < $300
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Fig. 6: Solidworks assembly; all three components 
combine to hold the catheter handle above the patient’s 
leg and the sterile drape at the optimal height

Weld Stress Concentration Analysis:
● Purpose: Assess strength of the weld between base plate and shaft
● Performed SolidWorks Static Simulation

○ Transverse 38N load applied to top of shaft [3,4]
○ Material: ASTM 4130 Steel (annealed) [SY = 460 MPa, SU = 560 MPa]

● Results:
○ Highest stress: 4.8 MPa
○ FOS: 96.3

Surgical Drape Tensile Testing:
● Purpose: Measure load required to tear drape

○ Uniaxial tension configuration
● Results:

○ Load required to tear drape: 100.23 N
○ Load produced by magnets: 40 N

Material & Fabrication:
● Polylactic Acid (PLA)
● 3D printed prototype
● Final prototype: ASTM 4130 stainless 

steel welded together
● Estimated cost: $140

Heart disease is the leading cause of death in the United States and many 
heart procedures are complex [1]. An intracardiac echocardiography (ICE) 
catheter is used during structural heart intervention procedures to observe the 
area of interest in the heart using ultrasound. Once inserted, the ICE catheter 
handle is either held by an assistant or held down by a wet towel to prevent the 
movement of the imaging crystal at the catheter tip. These methods allow for 
some movement of the image, however, causing issues and delays in the 
procedure. The team has been tasked with designing and fabricating a novel 
ICE catheter mount system that allows the doctors to secure the handle of any 
brand ICE catheter while allowing for height adjustment. The design must be 
fully sterilizable to ensure proper sanitation in the catheterization lab and allow 
for minimal movement of the ICE catheter to ensure the image from the catheter 
is steady. The proposed design features a height-adjustable pole which affixes 
via magnets to the handle saddle, which rests on top of the sterile drape and 
secures the handle with straps.

Young’s Modulus 
(MPa)

Max Load (N) Max Strain

Average 7.65 ± 0.95 100.23 ± 8.33 0.55 ± 0.07

Fig. 9: Stress concentrations on base plate.

Fig. 10: Stress-strain curve for surgical drape. 

Table 1: Mechanical Properties of Surgical Drape

Fig. 1:  4D ICE Catheter insertion [2].

Fig. 2: Current method for 
stabilization.

A B

Fig. 7: A. 4D 
catheter in 
tensile test 
configuration 
with wet 
towels. B. 3D 
catheter in 
bending test 
configuration 
with device.

Motivation:
● ICE catheter instability

○ Inconvenient
○ Time

● Current methods: 
○ Stabilize with a wet towel
○ Catheter held in place by hand

Fig. 3: Base part; the patient’s legs shall rest 
atop the base plate on either side of the pole; 
dimensions listed in cm.

Base Part Middle Part Assembly

Operation:
● Patient’s legs rest on base plate on either 

side of the pole
● Height of middle part is manually 

adjusted and secured via quick-release 
clamp 

● Sterile drape is laid over patient and 
middle part

● Top part is magnetically secured to 
middle part over the drape and the 
catheter handle secured with the strap

Fig. 8: Average 
twisting force to 
dislodge 4D 
catheter 
comparing the 
current method 
with the device 
(p < 0.001).

Fig. 4: Middle part; the pole can slide 
inside the base pole to adjust the height, 
and secured in place with a pole clamp; 
dimensions listed in cm.

Fig. 5: Top part / catheter saddle; this piece 
magnetically attaches to the top of the middle piece over 
the sterile drape and holds the catheter handle on top; 
dimensions listed in cm.

Top Part


