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[ Abstract] Objective Ultrasound diagnosis and treatment is easy to perform and takes little time. It is widely
used in clinical practice thanks to its non-invasive, real-time, and dynamic characteristics. In the process of ultrasound
diagnosis and treatment, the probe may come into contact with the skin, the mucous membranes, and even the sterile
parts of the body. However, it is difficult to achieve effective real-time disinfection of the probes after use and the probes
are often reused, leading to the possibility of the probes carrying multiple pathogenic bacteria. At present, the processing
methods for probes at home and abroad mainly include probe cleaning, probe disinfection, and physical isolation (using
probe covers or sheaths). Yet, each approach has its limitations and cannot completely prevent probe contamination and
infections caused by ultrasound diagnosis and treatment. For example, when condoms are used as the probe sheath, the
rate of condom breakage is relatively high. The cutting and fixing of cling film or freezer bags involves complicated
procedures and is difficult to perform. Disposable plastic gloves are prone to falling off and causing contamination and are
hence not in compliance with the principles of sterility. Furthermore, the imaging effect of disposable plastic gloves is
poor. Therefore, there is an urgent need to explore new materials to make probe covers that can not only wrap tightly
around the ultrasound probe, but also help achieve effective protection and rapid reuse. Based on the concept of physical
barriers, we developed in this study a heat sealing system for the rapid reuse of ultrasound probes. The system uses a heat
sealing device to shrink the protective film so that it wraps tightly against the surface of the ultrasound probe, allowing for
the rapid reuse of the probe while reducing the risk of nosocomial infections. The purpose of this study is to design a heat
sealing system for the rapid reuse of ultrasound probes and to verify its application effect on the rapid reuse of ultrasound
probes. Methods 1) The heat sealing system for the rapid reuse of ultrasound probes was designed and tested by

integrating medical and engineering methods. The system included a protective film (a multilayer co-extruded polyolefin
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thermal shrinkable film) and a heat sealing device, which included heating wire components, a blower, a photoelectric
switch, temperature sensors, a control and drive circuit board, etc. According to the principle of thermal shrinkage, the
ultrasound probe equipped with thermal shrinkable film was rapidly heated and the film would wrap closely around the
ultrasound probe placed on the top of the heat sealing machine. The ultrasound probe was ready for use after the thermal
shrinkage process finished. Temperature sensors were installed on the surface of the probe to test the thermal insulation
performance of the system. The operation procedures of the system are as follows: placing the ultrasound probe covered
with the protective film in a certain space above the protective air vent, which is detected by the photoelectric switch; the
heating device heats the thermal shrinkable film with a constant flow of hot air at a set temperature value. Then, the probe
is rotated so that the thermal shrinkable film will quickly wrap around the ultrasound probe. After the heat shrinking is
completed, the probe can be used directly. 2) Using the convenience sampling method, 90 patients from the Department
of Anesthesiology and Perioperative Medicine, the First Affiliated Hospital of Xi’an Jiaotong University were included as
the research subjects. All patients were going to undergo arterial puncture under ultrasound guidance. The subjects were
divided into 3 groups, with 30 patients in each group. Three measures commonly applied in clinical practice were used to
process the probes in the three groups and water-soluble fluorescent labeling was applied around the puncture site before
use. In the experimental group, the probes were processed with the heat sealing system. The standard operating
procedures of the heat sealing system for rapid reuse of ultrasonic probes were performed to cover the ultrasonic probe
and form a physical barrier to prevent probe contamination. There were two control groups. In control group 1,
disinfection wipes containing double-chain quaternary ammonium salt were used to repeatedly wipe the surface of the
probe for 10-15 times, and then the probe was ready for use once it dried up. In the control group 2, a disposable
protective sheath was used to cover the front end of the probe and the handle end of the sheath was tied up with threads.
Comparison of the water-soluble fluorescent labeling on the surface of the probe (which reflected the colony residues on
the surface of the probe) before and after use and the reuse time (i.e., the lapse of time from the end of the first use to the
1) The

temperature inside the ultrasound probe was below 40 “C and the heat sealing system for rapid reuse did not affect the

beginning of the second use) were made between the experimental group and the two control groups. Results

performance of the ultrasound probe. 2) The reuse time in the heat sealing system group, as represented by (median [P,;,
P,;]), was (8.00 [7.00, 10.00]) s, which was significantly lower than those of the disinfection wipe group at (95.50 [8.00,
214.00]) s and the protective sleeve group at (25.00 [8.00, 51.00]) s, with the differences being statistically significant
(P<0.05). No fluorescence residue was found on the probe in either the heat sealing system group or the protective sheath
group after use. The fluorescence residue in the heat sealing system group was significantly lower than that in the
disinfection wipes group, showing statistically significant differences (y’=45.882, P<0.05). Conclusion The thermal
shrinkable film designed and developed in this study can be cut and trimmed according to the size of the equipment.
When the film is heated, it shrinks and wraps tightly around the equipment, forming a sturdy protective layer. With the
heat sealing system for rapid reuse of ultrasonic probes, we have realized the semi-automatic connection between the
thermal shrinkable film and the heating device, reducing the amount of time-consuming and complicated manual
operation. Furthermore, the average reuse time is shortened and the system is easy to use, which contributes to
improvements in the reuse and operation efficiency of ultrasound probes. The heat sealing system reduces colony residues
on the surface of the probe and forms an effective physical barrier on the probe. No probes were damaged in the study.

The heat sealing system for rapid reuse of ultrasonic probes can be used as a new method to process the ultrasonic probes.
[Key words] Medical
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Table 1 Tensile strength testing of polyolefin heat shrinkable film

Parameter Standard film Low-temperature film
Shrinkage 45%-55% 65%-75%
Transparency 98.5% 99.0%
Transverse heat sealing strength 0.68 N/mm 1.35 N/mm
Longitudinal heat sealing strength ~ 0.65 N/mm 1.30 N/mm
Transverse tearing strength 100g 140¢g
Longitudinal tearing strength 105¢ 13.0g
Transverse tensile strength 110 N/mm’ 85 N/mm’

115 N/mm’ 95 N/mm”

Longitudinal tensile strength
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Fig 1 The procedures of operating the heat sealing system for rapid reuse of ultrasonic probes
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Fig 2 The layout of the temperature sensor on the ultrasonic probe
T1: ultrasonic probe housing front; T2: the inside of the ultrasonic probe

housing front; T3: the middle of the acoustic lens; T4: the back of the ultrasonic

probe housing; T5: the inside backside of the ultrasonic probe housing.
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Fig3 Temperature rise curve when the heat sealing system starts
working on a cold start
T1: ultrasonic probe housing front; T2: the inside of the ultrasonic probe
housing front; T3: the middle of the acoustic lens; T4: the back of the ultrasonic
probe housing; T5: the inside backside of the ultrasonic probe housing. Pt100 is

the heat production temperature of the heating device itself.
L4 REE AR RGRREIE
141 AR %

20224F7 H, P RS DR 2T IAGET 2R 58 T FR Be PRI
FARIBBAMI o BB Ay AR B 23 R 73 2% X
PRI D11 M. ™, A 7 2 A0 R AR fek 77 T A 6 = 114
LY AR, HAE 2 FERREE AR =N, 250l 5]
TSRS R AR R S Sk e L sz —,
SO R 5 (B VA B IBGRE 7 5 | 5 sl bk 2 i

140
120 /\/JM
----- T1
woft T
----- T3
£ 80 — T4
= —T5
—— Pt100
60 |

4 PHBBERLGBTT 2
Fig4 Temperature rise curve when the heat sealing system starts
working on a hot start

All abbreviations are given in the footnote to Fig 3.
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Fig 5 Comparison of the fluorescence label residues on the probes in each group

A, Disinfection wipes; B, protective sheath; C, fast reuse system.
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Table 2 Comparison of the reuse time between disinfection wipes group

and the fast reuse system group

Group n Reuse time/s, median(P,s, P5)
Fast reuse system 30 8.00 (7.00, 10.00)
Disinfection wipes 30 95.50 (8.00, 214.00)"
Protective sheath 30 25.00 (8.00, 51.00)"

* P<0.001, vs. fast reuse system group.
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