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PURPOSE: To evaluate the cytotoxicity of reusable cannulas for ophthalmic surgery after the
cannulas were filled with an ophthalmic viscosurgical device (OVD) and cleaned with an enzymatic
detergent.

SETTING: Microbiological Testing Laboratory, Department of Medical-Surgical Nursing, University
of S~ao Paulo School of Nursing, and Cell Culture Section, Adolfo Lutz Institute, S~ao Paulo, Brazil.

DESIGN: Experimental study.

METHODS: The sample consisted of 30 reusable 25-gauge injection cannulas, 20.0 mm in length,
whose lumens were filled with an OVD solution for 50 minutes. The following steps were used to
process the cannulas: (1) presoaking, (2) washing the lumen using a high-pressure water jet, (3)
backwashing with enzymatic detergent in ultrasonic cleaner, (4) preliminary rinsing with tap
water, (5) final rinsing with sterile distilled water, (6) drying with compressed filtered air, (7)
wrapping in surgical-grade paper, and (8) steam sterilization at 134�C for 4 minutes. The
cannulas were then tested for cytotoxicity according to the United States Pharmacopeia 32.

RESULTS: The cleaning protocol used in this study removed residues of OVD solution and
enzymatic detergent as shown by the lack of cytotoxicity of all sample extracts.

CONCLUSION: This cleaning protocol has the potential to minimize the occurrence of toxic anterior
segment syndrome associated with residues of OVD solutions and enzymatic detergents.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Toxic anterior segment syndrome (TASS) is an acute
and rare postoperative inflammatory reaction caused
by noninfectious substances introduced into the ante-
rior chamber of the eye during surgical procedures.
Toxic anterior segment syndrome may damage intra-
ocular structures, including the corneal endothelium
and trabecular meshwork.1 The major signs and
symptoms of TASS are anterior chamber reaction,
diffuse corneal edema, hypopyon, visual impairment,
fibrin formation in the anterior chamber, pupil dila-
tion, and increased intraocular pressure. The onset of
symptoms usually occurs on the first postoperative
day; however, in some cases symptoms are observed
up to 2 weeks after surgery.2,3 Possible causes of
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TASS include irrigating solutions with inappropriate
pH and osmolarity; high levels of endotoxin4; wrong
doses of ophthalmic drugs5; ointments that enter the
eye3; and contamination of ophthalmic instruments
with residual detergent, endotoxins, metal residues,
or denatured ophthalmic viscosurgical device (OVD)
substances.6–12

The Central Sterile Supply Department (CSSD) is
responsible for ensuring the complete removal of resid-
ual enzymatic detergents, endotoxins, metal residues,
and residual OVD substances from instruments.
However, in practice, problems may occur during
the processing of ophthalmic instruments at the
CSSD, resulting in improperly cleaned instruments
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contaminated with residues, which can be potential
causative agents of TASS. To improve cleaning and
sterilization practices at the CSSD and prevent TASS,
the American Society of Cataract and Refractive
Surgery (ASCRS) and the American Society of
Ophthalmic Registered Nurses (ASORN) published
guidelines in 2007 entitled “Recommended Practices
for Cleaning and Sterilizing Intraocular Surgical
Instruments.”13 However, it is necessary to determine
whether these recommendations are effective in remov-
ing contaminants and residues that can cause TASS
from ophthalmic instruments. The purpose of this
studywas to evaluate the cytotoxicity of reusable injec-
tion cannulas after the cannulas were filled with an
OVDsolution andcleanedwith an enzymatic detergent
according to the ASCRS–ASORN recommendations.
MATERIALS AND METHODS

This experimental laboratory study was performed at the
Microbiological Testing Laboratory, Department of
Medical-Surgical Nursing, University of S~ao Paulo School
of Nursing, and at the Cell Culture Section, Adolfo Lutz
Institute, S~ao Paulo, Brazil. The sample consisted of 30 reus-
able 25-gauge cannulas, 20.0 mm in length, for the injection
of OVD substances in ophthalmic surgery. This type of can-
nula was selected for the study because of its narrow lumen
and the difficulty cleaning it.

The lumen of the cannulas was completely filled with an
OVD solution (methylcellulose 2%). The solution remained
in the lumen for 50minutes to simulate a worst-case scenario
in health care delivery regarding the processing of instru-
ments that had been in contact with OVD substances during
presoaking. After this period, the cannulas were processed
according to the ASCRS–ASORN recommendations.13 The
cleaning and sterilization of the cannulas consisted of the fol-
lowing steps: (1) presoaking in tapwater for approximately 5
minutes, (2) washing the lumen using a high-pressure water
jet for 5 seconds, (3) backwashing with an enzymatic deter-
gent composed of 4 enzymes (Riozyme IV) in an ultrasonic
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cleaner (Medisafe SI Digital, Medisafe UK Ltd.) for 15 min-
utes, (4) preliminary rinsing of the external surfaces with
tap water and washing of the lumen using a high-pressure
water jet, (5) final rinsing of each cannula with 10 mL of ster-
ile distilled water for the external surface and 20 mL for the
lumen, (6) dryingwith compressed filtered air, (7) individual
wrapping in surgical-grade paper, and (8) steam sterilization
at 134�C for 4 minutes.

After sterilization, the cannulas were tested for cytotoxic-
ity using the extractionmethoddescribed in theUnited States
Pharmacopeia 32.14 For every 0.2 g of the sample, 1 mL of
Eagle minimal essential medium (MEM) containing 5% fetal
bovine serum (FBS) was used as extraction fluid. The lumen
of each cannula was flushed with 2 mL of culture medium
and remained in contact with extraction fluid at 37�C G
1�C (SD) for 24 hours. To meet the required weight:volume
ratio, an extract was prepared by processing 3 cannulas.
The extracts were tested for cytotoxicity; National Collection
of Type Cultures (NCTC) clone 929 cells were suspended in
Eagle MEM containing 10% FBS at a concentration of ap-
proximately 1.5 � 105 cells/mL, seeded into 12–well plates,
and incubated at 37 G 1�C for 24 hours. After a cell mono-
layer was formed, the culture medium was shifted to the
test medium containing extract at 100% concentration. The
plates were incubated once more at 37 G 1�C for 24 hours.
Next, the plates were examined by inverted microscopy.15

The negative control consisted of 6 cannulas ready to use
and as supplied by the manufacturer. The positive control
consisted of 6 cannulas whose lumen was completely filled
with an OVD solution (methylcellulose 2%) for 50 minutes.
The cannulas were then immersed in enzymatic detergent,
according to the manufacturer's directions regarding dilu-
tion and immersion time, but not rinsed. Next, they were
transferred to a beaker using tweezers and dried in air for
12 hours.

The samewrapping and sterilization procedures and cyto-
toxicity testing were performed for the positive and negative
controls and test group. Cytotoxicity was determined by
qualitative evaluation of morphologic changes in cell mono-
layers, as described in the International Organization for
Standardization 10993-5:2009 (Table 1).16 Validation of the
experimental model was performed using latex extract,
a well-known cytotoxic substance, and culture medium as
a noncytotoxic substance.16 The latex extract exhibited severe
reactivity (grade 4) and the culture medium exhibited no
reactivity (grade 0), validating the model used in the study.

RESULTS

The cleaning protocol was followed completely; how-
ever, more time was necessary to remove residual
OVD material. Most samples required 7 seconds of
washing instead of the 5 seconds originally recom-
mended in the step 2 of the cleaning protocol, and
therefore a continuous high-pressure water jet was
used for up to 7 seconds to flush the lumen of the can-
nulas. No reactivity (grade 0) was observed for all
sample extracts and extracts from negative controls
tested against NCTC clone 929 cells; therefore, the
extracts were considered noncytotoxic (Figure 1).

In the positive control group, it was possible to see
with the naked eye awhite layer of OVDmaterial coat-
ing the cannulas (Figure 2), even after immersion in
- VOL 39, JUNE 2013
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Table 1. Cytotoxicity grading of extracts based on qualitative morphological changes in NCTC clone 929 cells.

Grade Reactivity Cell Culture Conditions Cytotoxic Effects

0 None Discrete intracytoplasmic granules, no cell lysis, no reduction in cell growth. Negative
1 Slight No more than 20% of the cells are round, loosely attached, and without

intracytoplasmic granules; occasional lysed cells; slight growth inhibition.
Negative

2 Mild No more than 50% of the cells are round, without intracytoplasmic
granules; no extensive cell lysis; no more than 50% growth inhibition.

Negative

3 Moderate No more than 70% of the cell layers contain rounded or lysed cells; cell
layers not completely destroyed; more than 50% growth inhibition.

Positive

4 Severe Nearly complete or complete destruction of the cell layers. Positive

NCTC Z National Collection of Type Cultures
Adapted from ISO 10993-5:200916
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enzymatic detergent. Slight tomild reactivity (grades 1
and 2) was detected for extracts from positive controls,
indicating that the extracts were not cytotoxic; how-
ever, changes in cell morphology and a reduction in
cell growth were observed.

DISCUSSION

Toxic anterior segment syndrome is a postoperative
complication of multifactorial etiology; however,
many of its causes are directly related to the processing
of ophthalmic instruments at the CSSD. One hypothe-
sis that has been proposed is that the enzymatic deter-
gent used to clean instruments that had been in contact
with OVD substances may trigger TASS. It is difficult
to remove hardened residual OVD material from in-
struments, especially from the lumen. These residues
may adsorb enzymatic detergent, making it difficult
to completely clean the cannula.1

Our findings indicate that residues ofOVDmaterials
and enzymatic detergent can be completely removed
provided the ASCRS–ASORN recommendations are
Figure 1. Micrograph of a confluent monolayer of NCTC clone 929
cells after 24 hours in contact with the extract from 3 reusable cannu-
las for injection of OVD substances (original magnification �200).
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followed.13 The use of a recommended method to test
the biocompatibility of medical products, reproducing
the contact between sample extracts and living cells
such as occurs during surgical procedures, showed
the absence of cytotoxic residues in the cannulas tested.
Thorough cleaning using presoaking, high-pressure
water jets, ultrasonic cleaner, and enzymatic detergent
was effective in removing residual OVD solution. The
results show that the cytotoxicity of enzymatic deter-
gents is a problem that can be solved by extensive rins-
ing and that this type of detergent is suitable for
cleaning instruments used in ophthalmic surgery.
The model used in this study is adequately sensitive
to detect cell damage caused by the toxic effects of
products used in health care. Despite the low level of
reactivity found in positive controls, it was possible
to identify changes in cell morphology and a reduction
in cell growth.

The removal of residual OVD substances from can-
nulas with narrow lumens is a challenge for the CSSD.
If the cleaning is inadequate, contaminants can be in-
troduced into the surgical site during the procedure.
In the preliminary cleaning procedures, additional
flushing timewas necessary to clear the lumen of a can-
nula from hardened OVD material. This suggests that
measures should be implemented to prevent OVD
substances from drying on the instruments during or
after surgical procedures.

An important factor to be considered is the volume
and quality of the rinsing water. Vague and subjective
recommendations such as “rinse thoroughly” are not
acceptable. The Association for the Advancement of
Medical Instrumentation (AAMI) recommends that
the volume of water used to rinse an instrument be 2
or 3 times the volume needed to completely immerse
the instrument.17 After the first rinse, the instrument
should be rinsed again with high-purity water to min-
imize the deposition of substances present in the
water, such as endotoxins and chemicals, which may
be potential causative agents of TASS.18
- VOL 39, JUNE 2013



Figure 2. A 25-gauge cannula,
20.0 mm in length, for injection of
OVD substances in ophthalmic
surgery. White layer of OVD
material coats the external surface
of the cannula (A) and is seen on
the internal wall (B).
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In positive controls, dried OVD material adhered to
the cannulas, forming a white layer, as described by
Mathys et al.10 Although the extracts from positive
controls were classified as noncytotoxic (grades
1 and 2) based on the International Organization for
Standardization 10993-5:2009,16 reduction in cell
growth and morphological changes were observed in
cell monolayers, indicating that the extracts had poten-
tial cytotoxic effects. Changes induced in test cells may
be associated with a precursor to or causative factor of
TASS, as indicated in a study that compared eye and
skin irritation tests in animals with in vitro cytotoxicity
tests and reported on the predictive ability of cytotox-
icity tests.19

The present study was designed to specifically eval-
uate in vitro the cytotoxicity of residual OVDmaterials
in reusable cannulas for ophthalmic surgery after the
cannulas were cleaned with enzymatic detergents.
During ophthalmic surgery, cannulas also come into
contact with blood and tissues, which represent other
sources of contamination. This can potentially increase
the amount of contaminants in cannulas, making re-
moval of residues by the cleaning process more diffi-
cult. Further studies are being performed in the
Microbiology Laboratory of the Department of
Medical-Surgical Nursing and at the Cell Culture Sec-
tion of the Adolfo Lutz Institute in Brazil to identify
potential cytotoxic substances.

The ASCRS–ASORN recommendations regarding
the cleaning and sterilization of instruments for
ophthalmic surgery are in accordance with other
guidelines, including those from the Association of
Operative Registered Nurses,20 AAMI,21 and Interna-
tional Association of Healthcare Central Service Mate-
riel Management,A which have stressed the extreme
importance of cleanliness as the key factor in the
reprocessing of surgical instruments and devices. In
addition to these guidelines, cleaning instructions
provided in the “Directions for Use” of many ophthal-
mic surgical instruments should be followed. These
instructions may include, for example, the volume of
sterile distilled water to be used to flush the instru-
ments and the number of rinsing cycles. To achieve
cleanliness standards, current technologies for clean-
ing and sterilizing surgical instruments must be used.
J CATARACT REFRACT SURG
In conclusion, provided that cleaning and steriliza-
tion protocols used in CSSDs are in accordance with
the ASCRS–ASORN recommendations, the use of
enzymatic detergents to clean instruments that have
been in contact with OVD substances does not result
in cytotoxicity, which minimizes the occurrence of
TASS.
-

WHAT WAS KNOWN

� ASCRS and ASORN published recommendations for clean-
ing and sterilization of intraocular surgical instruments.

� Empirical evidence and the peer-reviewed literature
indicate that not following these recommendations may
expose patients to residual cytotoxic substances and to
the risk for TASS.
WHAT THIS PAPER ADDS

� Compliance with the ASCRS/ASORN recommendations for
cleaning ophthalmic instruments ensured the removal of
cytotoxic residues of OVD materials and enzymatic deter-
gents, contributing to the prevention of TASS.
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