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Abstract

Background: Coronary angiography and percutaneous coronary inter-
vention are frequently and increasingly performed worldwide. Although 
catheters for coronary angiography are considered as single-use devices, 
some people still question this decision. This study evaluated the structur-
al characteristics and thermal stability of new and reprocessed catheters.

Methods: Five catheters (Judkins left) of the same brand and manu-
facturer were selected for each analysis. We evaluated: new catheters, 
catheters reprocessed once (first), twice (second), thrice (third), and 
seven times (seventh). The optical analyses of the proximal, middle 
and distal parts of the catheters were performed by magnifying glass. 
Besides, thermogravimetric analyses were done.

Results: After reprocessing, the crushing, color changes, folds, dents, 
deformations, and lumen narrowing were observed; the stainless-steel 
framework, the external tortuosity, the interlaced mesh of stainless-
steel wires and loss of polymeric material were visualized. Thermo-
gravimetric analysis showed lost of mass of the catheters.

Conclusions: This study demonstrated that the structural integrity and 
mass of catheters are lost with reprocessing. These findings may be 
caused by several steps of reprocessing; however, regardless of which 
step or steps were responsible, the presence of structural integrity loss 
leads to the recommendation of not reusing this type of device.
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Introduction

Diagnostic and therapeutic procedures in the catheterization 

laboratory are frequently and increasingly performed world-
wide. Coronary artery angiography and percutaneous coronary 
intervention have been two of the most frequently performed 
procedures [1].

Coronary artery disease (CAD) is responsible for millions 
of deaths or occurrence of disabilities. Many patients with 
CAD are treated with surgical or percutaneous revasculariza-
tion, a procedure with an important prognostic impact because 
it can prolong and improve the quality of life [2, 3].

Myocardial revascularization cannot be performed with-
out previous coronary angiography. Therefore, a catheter is 
fundamentally used in the management of patients with CAD 
[4].

Although catheters for coronary angiography are consid-
ered as single-use devices, reprocessing and reusing them have 
been clinically practiced for a long time [5]. This process has 
been banned in many countries; however, some people still 
question this decision.

In this study, we evaluated the structural characteristics 
and thermal stability of new and reprocessed catheters to iden-
tify possible changes after reprocessing.

Materials and Methods

Five catheters (Judkins left) of the same brand and manu-
facturer were selected for each analysis. We evaluated: new 
catheters, catheters reprocessed once (first), twice (second), 
thrice (third), and seven times (seventh). The optical analyses 
of the proximal, middle and distal parts of the catheters were 
performed by magnifying glass. Besides, thermogravimetric 
analysis (TGA) was done. This is an experimental study which 
was approved by the institutional review board; and no human 
or animal materials were evaluated.

Reprocessing

All catheters were sterilized in the factory using ethylene ox-
ide and placed inside a clear plastic Tyvek® (DuPont trade-
mark) packaging. The reprocessing phases were performed as 
follows. In the first phase, the catheter was cleaned using a 
heparinized solution to remove blood residues. In the second 
phase, the lumen was irrigated; and in the third phase, the ex-
ternal part of the catheter was cleaned manually. In the fourth 
phase, the catheters were immersed in an antiseptic solution. 
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In the fifth phase, they were removed from the antiseptic solu-
tion and dried first at the room temperature and then in com-
pressed air at variable pressure, as required. Catheters were 
subsequently sterilized using hydrogen peroxide plasma gas.

Magnifying glass analysis

Analyses were performed in the Zeiss® device known as mag-
nifying glass, an objective plane model S-1.0X FWD-81MM, 
in parts of catheters described and listed below: proximal, mid-
dle, and distal to verify portions with irreversible damage dur-
ing reprocessing, determining the visualization of all catheters 
in their full extent (Fig. 1).

Five parts of the catheter samples (one of the distal, three 
of the middle, and one of the proximal portions) were used 
during the new, first, second, and third reprocessing. The cath-
eters were placed at the middle of a laboratory bench, divided 
into two parts, concave and convex, to facilitate internal and 
external visualization of the catheters.

TGA

In the TGA, a NETZCH® brand equipment, model STA 449 
F3 Jupiter, with sensors for the simultaneous TGA and differ-
ential scanning calorimetry (DSC) was used. It was properly 
calibrated to reliably generate mass and energy data, under the 
following conditions: nitrogen atmosphere, at 50 °C/min rate, 
submitted to isothermal heating in the 40 - 700 °C range, with 
a 10 °C/min heating rate.

Results

Magnifying glass analysis

New catheter

Images of the new catheter do not show any apparent flaws, 
because it has not been used and not yet passed through any 

stage of reprocessing. These images show that the parts col-
lected from the catheters did not present any problems that 
limit the use of the catheter.

First reprocessing

After the first reprocessing, crushing and color changes were 
observed at the distal portion, whereas folds, dents, and defor-
mations leading to light narrowing were observed at the mid-
dle and proximal portions (Fig. 2).

Second reprocessing

After the second reprocessing, opacity of the distal part of the 
catheter and appearance of two colors were observed, in addi-
tion to a fold discoloration and lumen narrowing in the proxi-
mal part. The stainless-steel framework can also be visualized 
(Fig. 3).

Third reprocessing

After the third reprocessing, sharp folds, color changes, ex-

Figure 1. Magnifying glass ZEISS® Objective Plane S-1.0X FWD-
81MM.

Figure 2. Dents and deformations after first reprocessing: (a) Distal; (b) Middle; (c) Proximal.
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ternal tortuosity, visualization of the interlaced mesh of stain-
less-steel wires, decreased lumen size, loss of polymeric ma-
terial in the proximal, middle, and distal parts were observed 
(Fig. 4).

Seventh reprocessing

There were no additional damages compared with third repro-
cessing.

TGA

During the TGA, catheter reprocessing also generates changes 
in thermal properties of the material, as can be observed in the 
thermogram shown in Figure 5.

Table 1 shows the results of the TGA and DTG. With the 
presence of three stages of mass loss, the initial and final tem-
peratures of each stage can be noted. There was lost of mass 
according to reprocessing, and it was clear that the increasing 
number of reprocessing was numerically associated with re-
duction of mass (residual mass: first reprocessing = 60%, sec-

ond = 58%, third = 59% and seventh = 51%).

Discussion

This study demonstrated that the structural integrity and mass 
of catheters are lost with reprocessing. These findings may be 
caused by several steps of reprocessing; however, regardless of 
which step or steps were responsible, the presence of structural 
integrity loss leads to the recommendation of not reusing this 
type of device.

The magnifying glass is an optical instrument equipped 
with a lens capable of creating magnified virtual images, with 
a magnification capacity of 8.0 times. It is used to observe 
small objects and some details or surfaces more easily. It is 
also known as a simple microscope, consisting of a single con-
vergent lens [6, 7].

To understand how the magnifying glass works, how the 
magnifying glass conjugates images and how these images 
(virtual objects for our eye) end up being projected on our 
retina should be analyzed. The human eye only focuses on an 
image of an object on its retina if the distance between the 
object and the eye is greater than that of a specific point (near 

Figure 3. Appearance of two colors and deformations after second reprocessing: (a) Distal; (b) Middle.

Figure 4. Sharp folds, color changes and visualization of the interlaced mesh of stainless-steel wires after third reprocessing: (a) 
Distal; (b) Middle; (c) Proximal.
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point). It can easily be observed that when the object is closer 
to the eye, the distance from the near point the image becomes 
blurred [6, 7].

The position of the near point may vary from person to 
person. This distance is commonly longer in older people. Im-
agine an object placed over the near point of a human eye, the 
size of the image produced on the retina varies with the angle α 
(α = supplementary angle) that the object occupies in the field 
of view; therefore, when the object is approaching the eye, this 
angle is increased, which consequently increases the ability to 
observe details of the subject. However, as the subject is at a 
shorter distance than the near point, it is seen out of focus, los-
ing its sharpness [6, 7].

For the blurred image to be sharp again, a convergent lens 
should be placed between the eye and the subject (the subject 
must be closer to the eye than the focal point of the lens). What 
the eye starts to see is a virtual image of the object. This im-
age is more distant from the eye than the near point and is 
now clearly visible. Despite this magnification, the magnifying 
glass is not suitable for the observation of very small objects, 
such as cells, bacteria, and small insects, because these require 
a very large magnification. The solution is to associate two or 
more convergent lenses, as in the compound microscope [6, 7].

When single-use devices are repeatedly used, it is expect-
ed to gradually wear out of the original functionality. Physical 

and mechanical properties tend to deteriorate with continuous 
use. Cleaning processes using detergents or other chemicals, 
not foreseen in the manufacture of the products, may alter the 
composition of the polymers. Catheters made of polyvinyl 
chloride (PVC), particularly when deteriorated, become less 
flexible and more fragile since contact with the organic sol-
vent promotes extraction of the additive from the formulation 
of these artifacts. However, polyester-based catheters can be 
hydrolyzed, compromising the chemical structure of the mate-
rial’s main chain [8-10].

In one of the reprocessing steps, catheter sterilization is 
usually performed through the hydrogen peroxide substrate 
with plasma generation. This sterilizing agent has great poten-
tial for the interaction with the polymeric chain of the material, 
the formation of oxygenated groups that can initiate the cleav-
age of chains, and the formation of cross-links, contributing to 
the deterioration of the material and alteration of mechanical 
properties, characterized by rigidity, during different cycles of 
reprocessing. Therefore, repetition of reprocessing can com-
promise the functionality of the catheter [10, 11].

Several clinical studies of reuse of SUDs including elec-
trophysiology catheters, angioplasty balloons, single-use en-
doscopic instruments, etc., have established their relative safe-
ty without increasing patient risk of infections or pyrogenic 
reactions [5]. However, other studies showed that the appear-

Table 1.  Stages of Mass Lost According to Thermogravimetric Analysis

Samples
First (°C) Second (°C) Third (°C)

Residual mass (%)
T (I) T (F) T (I) T (F) T (I) T (F)

New 232 365 384 504 — — 80
1st reprocessing 230 350 376 517 523 666 60
2en reprocessing 233 365 367 513 519 679 58
3rd reprocessing 232 357 368 505 519 680 59
7th reprocessing 228 367 374 507 — — 51

T: temperature; I: initial; F: final.

Figure 5. Changes on thermal characteristics. (a) Thermogravimetric curves; (b) Derivative of the thermogravimetric curves.
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ance of cracks, crevices, and roughness in the material surfaces 
are indispensable for predicting the occurrence of infectious 
processes such as pyrogenic or endotoxic reactions that can 
induce the manifestations of unexplained fevers, tremors, and 
physiological changes. These intercurrences can be serious 
and endanger the patients’ lives [10, 12-17].

In addition, according to some authors reprocessing re-
sults in the accumulation of biofilms and endotoxins within 
microcracks, which may lead to infections and the develop-
ment of thrombi in patients [17]. These complications include 
embolic cerebrovascular accidents, neurological deficits, and 
blindness in patients after fragments of reprocessed catheters 
lodged in the heart, in the left carotid artery of the intracra-
nial portion, and in the central artery of the retina [10, 17-21]. 
Myrna et al [22] evaluated the characteristics of the catheter by 
eletron microscopy after reprocessing and showed that there 
were a lot of damages. Besides, physical properties (for ex-
ample flexibility and resistance to torque) must be preserved. 
Micro-fissures, micro-scratches, hollows, micro-protrusions, 
loss of the deflection were described after reprocessing [23]. 
Therefore, physical integrity may be lost due to reprocessing 
and it may compromise manoeuvrability.

Therefore, risks of relevant clinical outcomes related to 
catheters and characteristics of structural integrity loss were 
found in this study. Due to the limited health budgets in some 
countries, risks caused by catheter reprocessing remain, which 
do not justify such practice.

According to the TGA, masses of reprocessed catheters 
were numerically lower than those of the new ones. Heilman 
et al [24] argued that the loss of mass in the first two stages is 
fundamentally related to the degradation of organic materials, 
i.e., the polymeric material constituting the catheter. The third 
stage is related to the degradation of inorganic compounds or 
carbonaceous materials. Therefore, the finding of this study 
corroborates the structural loss of reprocessed catheters.

Conclusions

In the modern world, healthcare issues have been increasing, 
contributing to the emergence of specialties in which the ad-
vances have been remarkable, allowing the extension of hu-
man life and better quality of life. However, significant finan-
cial costs were associated with some of these scenarios [25].

Modern cardiology has incorporated several multidiscipli-
nary aspects to healthcare, and this has been determinant for 
its advance and positive impact on modern society. However, 
there is a financial bill to be paid. Unfortunately, several coun-
tries do not have healthcare budgets that meet all these needs, 
and unfortunately, choices have been made. This study rein-
forces the recommendation that the choice of catheter repro-
cessing for coronary angiography should not be made because 
of the real risk of harming the patients.
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