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Abstract

Objective: To describe the adverse effects that occur during
and after percutaneous transluminal coronary angioplasty
(PTCA) possibly related to the reuse of medical equipment.
An additional objective is to quantify and identify the reasons
of discard in respect to the brand-new and reuse of medical
equipment.

Method: Sixty patients were studied (48.3% with unstable
angina, 45% with acute myocardial infarction and 6.7% with
other diagnoses). During the procedure and stay in the
Intensive Coronary Unit, the occurrence of fever, hypotension
or hypertension, chills, sudoresis, bleeding, nausea and
vomits were observed. Seven products were evaluated:
catheter introducer, catheter guides (0.35 and 0.014), catheter
balloons for angioplasty, indeflator inflation device and
manifolds. In total, 76 brand-new and 410 reused apparatuses
were studied to verify the occurrence of discard, whether this
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happened before or during the procedure and for what reason.
P-values = 0.05 were considered significant.

Results: Twenty-six patients presented adverse effects.
Hypotension was the most common seen in 11 (18.3%) cases.
There was no significant association between this adverse
effect and reuse or not of the equipment. Three brand-new
products and 55 of the reused products were discarded as they
were incomplete.

Conclusion: The adverse effects presented by patients
submitted to coronary vessel angioplasty were not associated
to the reuse of medical equipment. The integrity and
functionality were the main reasons of discard.

Descriptors: Equipment reuse, risk factors. Equipment
safety. Decontamination, methods. Sterilization, methods.
Percutaneous coronary transluminal angioplasty.
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Resumo

Objetivo: Descrever os eventos adversos ocorridos durante
e ap6s angioplastia coronaria (ATC), possivelmente
relacionados ao reuso de produtos médico-hospitalares, além
de quantificar e identificar os motivos de descarte em relagdo
a0 primeiro uso e ao reuso.

Método: Foram estudados 60 pacientes, sendo que 29
(48,3%) apresentavam angina instavel, 27 (45%) IAM e quatro
(6,7%) outros diagnoésticos. Durante o procedimento e na
permanéncia na Unidade Intensiva Coronariana, atentou-se
a possibilidade de ocorréncia dos eventos adversos febre,
hipertensdo, hipotenséo, calafrios, sudorese, sangramento,
nauseas e vomitos. Foram avaliados sete produtos médico-
hospitalares: introdutor, cateter-guia, fio-guia 0.35, fio-guia
0.014, cateter- baldo para angioplastia, seringa com
manbmetro para insuflar baldo (indeflator) e torneira de trés
vias (manifold). No total de produtos (76 de primeiro uso e
410 reprocessados), verificou-se se houve descarte e se isto
ocorreu antes ou durante o procedimento e quais 0s motivos

INTRODUCTION

Hemodynamic catheters, used for examinations,
diagnoses and heart interventions including angioplasty,
are among the most commonly recycled disposable medical
products around the world. Concern on the reuse of these
devices has been creating many challenges for the
professionals who use them.

The technical difficulties to recycle products and adverse
events are important questions in the decision to reutilize
medical products for angioplasty [1].

In the current state of the health services, where
diagnostic and therapeutic procedures using invasive
catheters predominate, the processes of cleaning,
disinfection and sterilization of medical products are of
extreme relevance in the control of hospital infection [2].

The fragility, integrity and functionality of these products
have been the subject of several publications. Many
disposable surgical equipment manufacturers have
investigated the deterioration of articles during recycling,
in particular, for articles made out of polymers denominated
PVC[3].

If the devices are used repeatedly, it is expected that
gradually they will lose their original functionality. The
physical, optical, mechanical and electronic properties of
devices normally deteriorate with continuous use. The

para tanto. Utilizou-se o teste Qui Quadrado, admitindo-se
erro alfa de 5%.

Resultados: Vinte e seis pacientes apresentaram eventos
adversos. A hipotenséo foi 0 evento mais prevalente e ocorreu
em 11(18,3%) casos. Ndo houve, porém, significancia
estatistica entre o evento adverso hipotensdo e reuso ou ndo
dos produtos médico-hospitalares. Por ndo estarem integros,
foram descartados trés produtos de primeiro uso e 55 produtos
dos reutilizados.

Conclusdo: Os eventos adversos apresentados pelos
pacientes submetidos a angioplastia ndo estdo associados ao
reuso dos produtos médico-hospitalares. A integridade e
funcionalidade foram os motivos principais de descarte.

Descritores: Reutiliza¢do de equipamento, fatores de risco.
Seguranca de equipamentos. Decontaminacdo métodos.
Esterilizagdo, métodos. Angioplastia percutanea transluminal
coronaria.

processes of cleaning with detergents and other chemical
substances were not considered during their manufacture
and can alter the composition of polymers, as contact with
organic solvents promotes the extraction of additives
incorporated in the formulation of polyvinylchloride
compounds which, consequently, become more flexible and
more fragile [2].

The progressive degradation of the composition of
polymers of plastics, compromise the performance and the
functionality of devices. The bioengineering sector of
hospitals can provide conditions to test the functionality of
these articles using methods to inspect their safety and
performance [4].

It can be supposed that the reutilization of products is a
causal factor of adverse clinical events after procedures.
Thus the objectives of this study were: to describe the
adverse clinical events during and after angioplasty, which
are possibly connected to the reuse of medical products
and to quantify and identify the reasons for rejecting
products in respect to its original and subsequent uses.

METHOD

Sixty patients submitted to elective coronary transluminal
angioplasty (CTA) [5,6] participated in this study with
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patients undergoing emergency procedures being excluded.

The CTA procedure was performed under local
anesthesia using the Judkins’ technique (femoral
percutaneous) [7]. Of this group, 33 (55%) were men. The
ages varied from 42 to 88 years old (mean 63 £ 10 years).

The mean weight was 70 + 12.8 kg and the mean height
was 1.6 £ 0.1 m giving a average body mass index (BMI)
[8,9] for the 60 patients of 25.6 + 3.5 kg/m2.

According to anamnesis, 22 patients (36.7%) had arterial
hypertension, 10 (16.6%) had diabetes, 15 (25%) were
smokers and eight (13.3%) were alcoholics.

Of the 60 patients, 29 (48.3%) presented with unstable
angina, 27 (45%) with myocardial infarction and four (6.7%)
with other diagnoses.

The mean hospitalization of the patients was seven days
and the median was two days with the patients remaining
for the first 24 hours after the procedure in the Coronary
Intensive Care Unit (UCOR).

The mean time of the angioplasty procedure was 35
minutes and radioscopy (radiation) time, six minutes.

During the procedure and the stay in UCOR, adverse
events [10] presented by the patients that may have been
connected in any way with the use of medical products
were recorded. The patients were monitored in respect to
fever, hypertension, hypotension, chills, sudoresis,
bleeding, nauseas and vomiting.

Fever [11] was considered at temperatures of 38°C or
higher, hypertension [12,13] when the systolic pressure was
greater than 140 mmHg or the diastolic pressure greater than
90 mmHg and hypotension when the systolic pressure was
less than 100 mmHg.

At the entry site of the catheter, excessive blood loss
that could lead to the formation of hematomas was
occasionally seen until the catheter was removed [7].

Categorical variables were analyzed using the chi squared
test. Discreet quantitative variables were analyzed using the
non-parametric Mann-Whitney test. An alpha error of 5% was
considered acceptable and
so significant differences
were considered with p-

The introducer sheaf, guide catheter, 0.35 guide wire,
0.014 guide wire, balloon catheter for angioplasty were
considered critical items and the indeflator inflation
device and disposable three-way tap (manifold) were
considered semi-critical items [17,18].

RESULTS

In this study, 60 patients submitted to angioplasty were
accompanied. Twenty-six of the patients presented with
adverse events. In these patients 29 new and 176 recycled
medical products were utilized. Of the total, 22 patients
presented one or two adverse events and four patients three
or four events.

There was no significant difference in the utilization of
recycled products between the groups of patients who
presented with adverse clinical events compared to those
without events.

The occurrence of hypotension in 11 (18.3%) patients
also did not give a statistically significant difference (p-
value = 0.91), that is, it was not associated to the reuse of
medical products.

In the 60 patients submitted to angioplasty, 486 medical
products were employed; 76 for the first time and 410
recycled. Four (5.63%) medical products used for the first
time were discarded, (1 introducer sheaf, two three-way taps,
one 0.014 guide wire) three (75%) of which were discarded
as they were incomplete (Table 1).

Of the 410 recycled products utilized in the 60 patients
submitted to angioplasty, 80 (19.4%) were discarded before
(on preparing the surgical table) or during the procedures.
Of these 18 (28.1%) 0.014 guide wires were discarded before
the procedure and seven (10.9%) were discarded during the
procedure.

Fifty-five products were discarded as they were
incomplete with all the indeflator inflation devices discarded
for this reason. Two products were rejected as they were

values < 0.05.

Seven types of medical Table 1. Distribution of the 410 recycled products that were discarded and the reason for this decision
products involved in the - - _ — :
procedure were analyzed Product Quantity Discarded  Cleaning  Functionality Integrity
giving a total of 468 items, introd 58 A ] ;
with 76 (15.649%) first-time ntroducer _
use and 410 (84.5%) Three-way tap 64 5 S _ 5
recycled [14-16]. A check Guide catheter 67 13 S 11 2
was made to see if the 0.35 guide-wire 63 10 S 2 8
products were discarded Balloon indeflator inflation device 65 13 - o 13
before or during the 0.014 guide-wire 64 25 — 2 23
procedure and for what Balloon catheter 29 10 1 5 4

Total 410 80 2 23 55

reason.
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not clean (one introductory sheaf and one balloon catheter).
Eleven guide catheters were discarded because of resistance
during insertion at the time of the procedure.

DISCUSSION

Adverse clinical events are recognized as one of the
greatest problems in healthcare [10] and monitoring this is
necessary particularly in respect to the reuse of medical
products. With cardiac procedures, several studies have
been done with the objective of describing the association
of adverse events with the recycling of medical products
[19-21].

In the current study, hypotension occurred in 13 (24%)
of the 60 patients. This was the most common adverse event.
Jacobson et al. [22] in 1983 described similar results in 341
patients submitted to coronary angioplasty using brand new
and recycled medical products; the overall occurrence of
hypotension was 27% but this was not associated with the
reuse of equipment.

Frank et al. [23] in 1988 performed a prospective study
over the period of November 1986 to June 1987 involving
414 patients submitted to angioplasty using brand new and
recycled medical products. The patients were divided into
three groups. In the first group, formed by 161 patients, 426
disposable catheters were employed, the second of 152
patients used 384 recycled catheters that had been
reprocessed a maximum of two times. Finally, group three
was formed of 101 patients who utilized 325 catheters that
had been reprocessed more than two times. The temperature
of the patients after the procedures did not pass 38.2°C
(37.4°C in 25— 6% — of the patients). The differences among
the three groups in respect to fever were not significant.
Infectious complications associated with catheterization did
not occur in any of the cases. Of the 414 patients, 38 (9.2%)
developed hematomas at the entry site. In the current study,
five (11%) patients presented with bleeding at the point of
entry. No episode of fever or infection was seen.

In Canada, Plante et al. [20] performed a prospective
observational two-centered study over 10 months to evaluate
the cost-benefit and efficacy of balloon catheters in patients
submitted to angioplasty. The study involved 694 patients
(374 patients from a center that only used brand new
catheters and 320 in a center that predominantly used
recycled catheters) with the data reported at the end of each
angioplasty. At the end of the study, the number of catheters
used per lesion was higher in the center using recycled
products as in some cases the balloon catheters were unable
to unblock the vessels and were substituted for brand new
catheters. Consequently, the time of procedure and the
quantity of contrast were greater. The temperature was
measured one hour before the procedures and at each eight

hours after. Adverse events presented by the patients were
not associated to the reuse of medical products.

Grimandi etal. [24] in 1996 made a controlled comparative
experimental study evaluating the mechanical and
microbiological risks of reprocessing and reuse of catheters
in angioplasty compared to new catheters. Sterility,
pyrogenic and mechanical analysis were performed. They
concluded that the reuse of catheters in angioplasty should
not be practiced as in the study they found pyrogenic
substances and cellular remnants after sterilization.

Luijtetal. [25] in 2000, with the aim of determining the
risk of viral transmission, performed a non-controlled
experimental study involving disposable 5F cardiovascular
and endovascular balloon catheters. The catheters were
tested to verify the presence of viruses at four different
stages: after contamination, cleaning, sterilization and after
simulation of reuse. The study showed that the removal of
virus from catheters is difficult. After extensive cleaning
and sterilization, catheters continue to be contaminated with
infectious enterovirus, although infectious adenoviruses
were not detected. They concluded that, although the
process of cleaning and sterilization is rigorous, the virus
continues to be present on the catheters and thus reutilizing
diagnostic or intervention cardiovascular and endovascular
catheters is dangerous and should not be practiced.

Fagihetal. [26] in 1999 performed a non-systematic review
of publications on the possible transmission of Creutzfeldt-
Jakob disease with the reuse of medical products utilized in
angioplasty. This review did not find any reported cases
and the authors concluded that there is no scientific
evidence of this transmission.

Other aspects should be studied when an institution
intends to recycle medical products. Products that might be
functioning defectively or for which there are doubts related
to safety or performance after reprocessing need to be
identified and discarded. The level of inspection depends
on the complexity of the product and its function. The
process of inspection may be a simple visual inspection or
complex tests related to the physical integrity and
functionality by the biomedical engineering section of the
hospital [27].

Zubaid et al. [28] in 2001 performed a study comparing
the efficiency and efficacy of brand new and recycled balloon
catheters. The authors accompanied 359 patients (377
lesions) in the period from February 1999 to December 2000
involving 178 recycled and 199 brand-new catheters. When
patients presented with more than one coronary lesion, only
one was chosen for the study and the surgeon chose the
catheter depending on the type of lesion. After each
angioplasty, the balloon catheter was inspected. This study
demonstrated that there was no significant difference in the
efficiency of brand new and recycled balloon catheters.
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During the current study, five recycled balloon catheters
were discarded as insufflation was inadequate.

The possibility of rupture of medical products, in
particular balloon catheters, is one concern of their reuse
and also fragments that break off the equipment can result
in embolia or cause damage to vessel walls leading to clinical
complications and prolonged procedures. Moreover, the
sterilization of equipment used in angioplasties with
ethylene oxide may change the physical characteristics of
the polymer and change the physical integrity of catheters
[1]. In the current study, four balloon catheters, 23 0.014
guide-wires and 13 balloon indeflator inflation device were
discarded for being incomplete.

Chou et al. [29] in 2002 reported two cases of patients
submitted to angioplasty using recycled balloon catheters
resulting in the rupture of the balloons after insufflation.
They reported that in 5000 cases, only these two cases of
rupture occurred.

Diagnostic catheters can also present ruptures after about
10 reuses however there are no in vivo studies comparing
the performance of new with recycled diagnostic catheters.
Schneider et al. [21] in 1983 found apparent aging of
polyurethane diagnostic catheters and the stainless steel
of guide wires.

Other alterations presented by medical products are
changes in physical characteristics that do not allow their
functionality. In the current study, the guide-wires that were
discarded presented resistance to enter the introducer sheaf.

Cleaning is the most important stage of recycling
medical products as, when not adequate, there is a
possibility that disinfection and sterilization will not be
efficient [2]. Two recycled medical products, one
introducer sheaf and one balloon catheter, were discarded
as they were dirty.

On defining the number of times that each product can
be reprocessed, it is necessary to guarantee a control for
each team that uses the product, as each of these products
is composed of different polymers which behave in different
manners at each stage of reprocessing [30].

The medical article reutilization commission of a hospital
should continually evaluate if the recycling protocol and
the quality control of recycled products are efficacious to
guarantee the safety of the patient and that the cost-benefit
fulfills the proposed objectives [31].

CONCLUSION

There is no association between the reuse of medical
products in coronary transluminal angioplasties and the
occurrence of adverse clinical events, suggesting the
possibility of recycling as long as rigid quality control
protocols are adopted.
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