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Abstract

Background Acute retinal toxicity has been demonstrated to be associated with the intraoperative use of perfluorocarbon
liquids (PFCLs), especially perfluorooctane (PFO). Recently, several cases of PFO-associated blindness have been reported
in Spain, Holland, France, Italy, the Middle East, and South America.

Methods As a result, a new ISO guideline (ISO 16672:2020) was drafted, discussed, approved, and released in 2019. This
recent ISO16672:2020 guideline recommends performing direct cytotoxicity tests as an option along with chemical analysis
to measure PFCL quality (purity and safety).

Results In this review paper, it has been emphasized why an appropriate biological test, specifically direct exposure of PFCL
to live cells, for measuring cytotoxicity must be performed with each PFCL batch along with chemical analysis.
Conclusions The paper intends to compile all available information to discuss possible approaches for avoiding adverse
clinical cases in future.

Keywords Retinal toxicity - PFO toxicity - PFO clinical cases - Direct cytotoxicity test - ISO guidelines

Key messages

Visual loss caused by Perfluorocarbon liquids.
Need of robust ISO/FDIS 16672.2 guideline and regulatory agencies communications at international level.

Direct cytotoxicity tests and chemical analysis requirements to measure quality of each lot of PFCL to avoid
visual loss.

Instituto Universitario de Oftalmobiologia Aplicada (IOBA),

>4 Girish K. Srivastava Universidad de Valladolid, Valladolid, Spain

girish@ioba.med.uva.es
Centro en Red de Medicina Regenerativa y Terapia Celular

Vivekanandan Kalaiselvan de Castilla Y Leén, Valladolid, Spain

kalaiselvan.ipc @gov.in
Indian Pharmacopoeia Commission, Ministry of Health &
Family Welfare, Government of India, Sector-23, Raj Nagar,
Ghaziabad 201002, Uttar Pradesh, India

Cristina Andrés-Iglesias
candresi @ioba.med.uva.es

Shatrunajay Shukla 4

A . Rajendra Prasad Centre for Ophthalmic Sciences, All India
shatrunjay.ipc@gov.in

Institute of Medical Sciences, Delhi, India

Oftared, National Institute of Health Carlos III, Madrid,
Spain

Rohit Saxena 5
rohitsaxena80@yahoo.com

Jose Carlos Pastor
pastor @ioba.med.uva.es

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-022-05578-w&domain=pdf

2104 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2103-2110

Introduction

Worldwide, in recent years, several ophthalmologists have
reported cases of blindness after intraocular surgery due
to acute toxicity of the perfluorocarbon liquids (PFCLs),
mainly perfluorooctane (PFO) [1-3]. The corresponding
governmental authorities have released informative notes for
hospitals, medical staff, patients, and the general public hav-
ing withdrawn the lots from the market [1-3]. There has also
been a sudden increase in the numbers of papers published
in the last 4 years (2016-2020) reporting cases in Spain,
Holland, France, Italy, Switzerland, the Middle East, and
Chile (Table 1) [1-6]. In Spain, to the best of our knowledge,
most of these cases are under legal proceedings to receive
compensation. It is reported that the affected manufactur-
ers have stopped the PFCL production (Bio Octane Plus®,
Biotech Ophthalmology PVT Ltd, Gujarat, India; AlaOcta®,
AlaMedics, Dornstadt, Germany; Meroctane®, Meran Tip
Ltd., Istanbul, Turkey). The German company AlaMedics
even has declared bankruptcy. The situation has resulted in
tense discussions in different international meetings. The
ophthalmologists are uncertain for PFCL safe for use as well
as manufacturers for the future of the PFCL market. Accord-
ing to European and US regulations, the quality assurance
(QA) applying appropriate testing methods is one of the
essential requirements for commercialization of any medical
device including for those used intraocular such as PFCL.
Interestingly, all of these reported toxic PFCL batches
were “Conformité Européenne (CE)” marked that is a QA
certification for selling them in the European market [7]. The
CE-mark represents a guarantee of quality for any medical
device and, in the case of PFCL, which is used for intraocular
surgery, certifies that it is safe for use. The users, essentially
the hospitals and medical staff, ensure the CE-mark before
using a PFCL batch in patients. In the European Union, a
commercialized product has to accomplish the standards and
recommendations of the International Organization for Stand-
ardization (ISO) and the European Union Medical Device
Regulation (EU-MDR 2017/245) during manufacturing,
and biological and chemical analytical tests. Similar to the

Table 1 Perfluorocarbon liquid toxicity cases

Country Number of PFCL product References
clinical cases*

Chile 14 cases Meroctane® Coco et al. [28]

Spain 4 cases Meroctane® Coco et al. [28]

Spain 4 cases BioOctane Plus® Coco et al. [3]

Switzerland 48 cases AlaOcta® Tobalem et al. [5]

Spain 120 cases AlaOcta® Pastor et al. [1]

“Number of clinical cases, to the best of our knowledge, or reported
in recent publications
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European Union, in the USA, the United States Pharmaco-
peia (USP) releases standards-based documentary evidence
and physical references for medicines, food ingredients, and
dietary supplement products, and ingredients. The US regula-
tory agencies and manufacturers use these standards to ensure
the identity, strength, quality, purity, and consistency of the
products [8, 9]. The importance of customer complaints for
providing valuable information on the use of medical devices
is clearly reflected in the United States (US) and the Euro-
pean quality system requirements for handling complaints.
However, there are significant differences in US and European
complaint handling requirements [10]. Nevertheless, recent
reported cases of the PFCL toxicity have raised doubts and
questions in the medical and patient community. In India,
the Indian Pharmacopoeia Commission and Indian National
Regulatory Authority, i.e., CDSCO (Central Drugs Stand-
ard Control Organization), release regulatory documents.
They perform vigilance through the regional medical device
adverse events monitoring centers (there are 150 such centres
pan India). The regulation of medical devices across the world
is very varied, ranging from comprehensive to none [11].
However, the increasing numbers of reports in recent years
published for adverse events due to some PFCL batches and
other medical devices (intraocular lenses and vital dies used
for visualization of epiretinal membranes and inner limiting
membrane (ILM) peeling) [4, 12] in different countries con-
firm that one or several of the recommendations and standards
have failed. Consequently, it becomes essential worldwide to
focus on quality standards and recommendations to ensure
that only high-quality, pure, and safe PFCL medical devices
are released in the market. It is necessary to promote to share
properly the information related to adverse toxic effects of
the PFCL among different regulatory authorities, publish in
scientific journals, and circulate in national and international
associations of ophthalmologists.

The European Union has created a framework to ensure
the safety and efficacy of medical devices based on new
regulation (EU-MDR; Regulation (EU) 2017/745 of the
European Parliament and of the Council of 5 April 2017
on medical devices, amending Directive 2001/83/EC,
Regulation (EC) No. 178/2002, and Regulation (EC) No.
1223/2009). It repeals Directive 93/42/EEC, which concerns
medical devices, and Directive 90/385/EEC, which concerns
active implantable medical devices. The regulation was pub-
lished on 5 April 2017; it came into force on 25 May 2017.
However, its application was postponed until 26 May 2021
because of the urgent priorities related to the coronavirus
crisis. Now, posterior to 26 May 2021, it is mandatory to
follow this new regulation for medical devices.

Besides European and ISO guidelines, the regional guide-
lines are available for biocompatibility assessments of medi-
cal devices. A notified body assesses a medical device fol-
lowing European and ISO guidelines; then, a country of the
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European Union can approve its application for CE-marking
(a guarantee of safety). For example, in Spain, there is a
national regulation that includes the following royal decrees:

— RD 1090/2015 regarding clinical trials
— RD 1591/2009 on regulation of sanitary products
— RD 437/2002 regarding licenses for manufacturers

Manufacturers have to comply with the European regula-
tion 2017/745 to obtain the CE-marking, and if they want to
enter the USA, they have to follow to what is stipulated by
the Food and Drug Administration (FDA). The ISO releases
international guidelines; however, they are not mandatory,
but companies are required to consider them to manufacture
and distribute their products.

Although regional and international guidelines are avail-
able, differences in proposed biocompatibility assessments
or test methods lead to confusions and inefficiencies in gen-
erating the package of supporting nonclinical data. Several
recent changes have been performed in these guidelines,
and the impact of these changes has identified areas where
a “standard approach” is not possible, allowing hurdles for
global development of medical devices to persist. Neverthe-
less, a high level of consistency now occurs in ISO and FDA
requirements [9]. Now, more extensive material characteriza-
tion and increased determination of toxicological risks are
required when evaluating new medical devices [13]. The pur-
pose of this review is to compile the current situation related
to PFCL, and to focus on the need of an appropriate, more
robust, and precise biological test analysis, specifically direct
test in which a test material interacts directly with live cells,
along with chemical analysis. It is needed to be performed
with each batch of the manufactured PFCL to improve the
quality of PFCL and, in consequence, to avoid the clinical
cases of visual impairment in future. Moreover, it is essential
that the communication systems between the different health
agencies of the different countries should be improved in
order to communicate quickly the possible future problems,
and there should be progress in common marketing authoriza-
tion systems for any medical device such as in the European
Union, the EU-MDR for European countries is enforced [14].

Biological analysis

The ISO 10993 has released a series of documents for pro-
viding numerous international guidelines for the protection
of humans from potential biological risks arising from the
use of medical devices [15]. These are generally accepted
outright or as an alternative to most national regulatory
directives or acts, although Japan and the USA require
more stringency in some tests [16]. It is intended to describe
the biological evaluation of medical devices within a risk

management process, as part of the overall evaluation and
development of each medical device. The two parts: Part
5, tests for in vitro cytotoxicity [17] and Part 12, sample
preparation and reference materials [18] of the ISO 10993,
provide several recommendations to be followed for per-
forming in vitro biological analysis for certifying a medical
device with CE-mark. One of the important requirements
is these tests must be performed under GLP guidelines and
by the trained staff. However, the industry GLP studies
do not report the same risks of a chemical when it is pub-
lished in a traditional academic peer-reviewed studies from
academia [19, 20]. There is a strong correlation between
industry sponsorship and findings of safety [20]. Part 5 of
the ISO 10993 guideline also recommends mainly two tech-
niques for in vitro analysis: direct and indirect methods. The
direct method consists in exposing the test sample directly
to live cells; nevertheless, the indirect method is to expose
the test sample indirectly to live cells. One of the reasons
highlighted for the failure of the ISO standards is that it
does not clearly define the test conditions, particularly the
chemical characteristics of each test sample. The extract
method and agar overlay method have been used to test the
PFCL cytotoxicity. The reasons for the failure of these meth-
ods are described in detail in publications [2, 3]. Two of
the specific characteristics of PFCL are its high volatility
and hydrophobicity that was avoided in biological tests for
releasing CE-mark PFCL, and this is one of the reasons why
so many cases of visual problems have been reported after
intraocular surgery. Based on these characteristics, a new
biological analysis technique has been developed (Patent:
EP17805927.5A PCT/ES 2,017,070,365). This technique
has already been recommended in the new version of ISO
16672:2020 “Ophthalmic implants—Ocular endotampon-
ades.” A similar method has been published lately [21]. It is
based on the same PFCL characteristics identified for devel-
oping the previous direct biological test. This confirms the
suitability of identified characteristics of PFCL for develop-
ing different direct cytotoxicity test methods.

Despite many reported clinical cases worldwide, there
are papers justifying the appropriateness of the previous in-
use methods for PFCL quality measurements. Recently, it
is reported that toxicity is linked with H-content concentra-
tion in PFCL and this concentration can be minimized using
ultrapurification [22]. However, the research studies showed
that there is no link between H-content in PFCL with its toxic-
ity [23]. In general, it is not possible to guarantee 100% purity
of PFCL and toxicity depends on the type of impurities in the
PFCLs. At this point, it must be noted that the toxicities (or
vision loss) are not caused by PFCLs themselves but by the
impurities present in the PFCLs. That is why the most believ-
able and reasonable approach would be to combine the two
methods, first a high purity determined by chemical analysis
method and then a biological test method with each batch

@ Springer



2106 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2103-2110

Table 2 False-negative results in case of mild toxic PFCL batches

PFCL 30-min exposure

24-h cell growth 72-h cell growth
AlaOcta®* 53% 90%
Meroctane®* 65% 89%

According to ISO 10993 guidelines, cell viability >70% represents
nontoxic and cell viability < 70% represents toxic

"Due to confidentiality, we cannot release batch numbers

for CE-marking. During the investigation, several critical
points came to notice. One of the critical points is the selec-
tion of appropriate exposure periods of PFCL to live cells
and posterior cell growth periods before performing toxicity
measurement [2]. The probability of obtaining false-negative
results (no cytotoxic) has been demonstrated experimentally
in case of mild toxic PFCL batches as has been seen in case
of the AlaOcta® [2] and further confirmed using Meroctane®
(Table 2, due to confidentiality, we cannot release batch num-
bers). Therefore, it is recommended to have the specific atten-
tion on the mild toxic PFCL when performing cytotoxic tests
[2]. To the best of our knowledge, Part 5 of the ISO 10993
guidelines mentions only the 24-h exposure period and cell
growth period. Nevertheless, PFCL is used for a very short
period (20 min to 1 h) during vitreous surgery to treat compli-
cated retinal detachments. To avoid the false-negative results,
it is very recommendable to test the PFCL on different expo-
sure periods such as 30 vs 60 min and posterior cell growth
periods such as 24 vs 72 h, but this gap is not filled by the Part
5 of the ISO 10993 guidelines.

There are a number of techniques to demonstrate the
purity of the PFCL but the presently reported clinical cases
reinforce the need to improve the safety standards. Bio-
logical tests should be on top of all other measured quality
standards. Because it is the only test that determines the
real biological response of live cells against a manufactured
PFCL and, thus, ensures that the PFCL is safe from the point
of view of the biological response. The biological techniques
improved by correcting the faults of the previously used
techniques certainly promise the production of much safer
PFCL. The new developed direct contact cytotoxicity test
overcomes these faults because PFCL is directly in contact
with live cells [2]. Nevertheless, biological tests must take
into account the chemical characteristics of the product.

Chemical analysis
Pure PFCLs are considered biologically inert [24, 25].
Several companies in the market are involved in manufac-

turing the PFCL of different purity grades (mostly around
98-99.9%), packaging and commercializing for human use
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[26]. Chemical analytical techniques can detect several
chemicals as impurities in very tiny amounts, normally pre-
sent in parts per million level [22, 27, 28]. These analyti-
cal techniques would be the most cost-effective method of
checking for the PFCL purity [29]. Nevertheless, presently
reported clinical cases confirm that the current biological
and chemical analytical techniques were unable to detect that
the PFCL batches, which caused the visual problems, were
toxic. Therefore, different chemical analytical techniques are
essential to be used to determine the purity and impurity
profile of PFCL, together with a direct cytotoxicity test to
evaluate the biological response, and are the key parameters
to ensure PFLC safety. Thus, QA data linked directly to bio-
logical response against each chemical element or impurity
profiles can be obtained. The research studies have identi-
fied several impurities in previously reported toxic batches
of PFCL (AlaOcta®, BioOctane Plus®, and Meroctane®).
Table 2 provides summarized information of detected and
reported impurities of different batches of PFCL by our
research group [1, 3, 28]. In case of AlaOcta®, a German
group has also detected several impurities [22, 27]. The big-
gest problem with chemical methods is tracking down the
possible contaminants. It is easy to detect them if they are
known, but if they are not known, it is complicated.
Several toxic chemicals have been identified in these
impurities and some of them are linked to the cause of the
high level of toxicity. The very sensitive chemical analytical
techniques detect most of the impurities present in a PFCL
batch. Few of them have been reported in publications:

1: - Nuclear magnetic resonance (NMR) [23]

2: - Gas chromatography-mass spectrometry (GC-MS) [1,
3,26-28, 30]

- Infrared spectroscopy (FT-IR) [1, 28]

- Fluoride-selective potentiometry [22]

W

Three parts of the ISO 10993 “biological evaluation of
medical devices” guidelines also release several recom-
mendations regarding chemical analysis: Part 9: Frame-
work for identification and quantification of potential deg-
radation products [31], Part 18: Chemical characterization
of materials [32], and Part 17: Establishment of allowable
limits for leachable substances [33]. These guidelines pro-
vide regulatory standards for performing chemical analysis
including the identification of a material, and the identifica-
tion and quantification of the chemicals present in mate-
rials or finished medical devices. In Table 1 of the ISO
10993-18:2005(E) [32], ISO-recommended chemical ana-
lytical techniques are mentioned such as:

— dynamic mechanical thermal analysis (DMTA),
— differential scanning calorimetry (DSC),
— electron dispersal X-ray analysis,



Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2103-2110 2107

— scanning electron microscopy (EDX-SEM),

— Fourier-transform infrared spectroscopy (FT-IR),

— mass spectroscopy (MS) (mass spectroscopy is frequently
combined with chromatographic techniques such as gas
chromatography (GC), liquid chromatography (LC)),

— gel permeation chromatography (GPC),

— high-performance liquid chromatography (HPLC),

— inductively coupled plasma (ICP),

— nuclear magnetic resonance (NMR),

— UV-vis spectroscopy, X-ray photoelectron spectroscopy
(XPS),

— X-ray fluorescence (XRF), and

— two-dimensional polyacrylamide gel electrophoresis
(2D-PAGE).

Mostly, the chemical analytical techniques are performed
for identified chemicals present as impurities. However, the
chemicals, which are still unidentified, could be present as
impurities. Chemicals could be present in very tiny amount
that is out of range of the detection level of used analytical
techniques. Nevertheless, many of these tiny amounts are
sufficient to stimulate a very robust biological response [3].

All of these chemical analytical techniques support mak-
ing standards to ensure the quality of the PFCL production.
Thus, it can be avoided to include in the post manufactur-
ing process to those PFCL batches that are not fulfilling the
standards. However, they cannot be considered a solely alter-
native to an adequate biological analysis. For example, in
our study, the FT-IR spectroscopy analysis showed that the
nontoxic and toxic batches of the BioOctane Plus® product
were similar; no differences were found in the spectra that
could account for identify toxicity [3]. However, the GC-MS
analytical technique detected the presence of the tributyltin
bromide (TBT-Br) in the toxic batches of the BioOctane
Plus® [3]. However, it was established that the concentra-
tion was toxic because it was the experimental result in a
cytotoxicity study, not only because of the GC analysis.
This supports the researchers in establishing the reasons
for the adverse clinical cases due to the BioOctane Plus®
toxic batch. Another technique is to measure the H-value of
the PFCL by fluoride-selective potentiometry. This value
has been described a quality parameter for PFCL in which,
ideally, all of the hydrogen atoms have been replaced by
fluorine atoms (PFCL) [22]. It has been included in the ISO
16672:2020 Ophthalmic implants—Ocular endotamponades
[34] as an informative method to evaluate the partially fluor-
inated impurities of the PFCL that according to Menz et al.
(2019) [22] can be unstable and lead to HF as a degradation
product. Nevertheless, this methodology is already under
question [2, 23].

The adverse clinical cases that have occurred in recent years
indicate that a review of the analytical techniques to be used
in each case is necessary. The choice of appropriate highly

sensitive and specific chemical analytical techniques to deter-
mine the purity and identify the impurities in the PFCL is the
basis for establishing product quality parameters. However,
chemical analyses cannot predict an unexpected biological
response, produced due to combinations of different impuri-
ties or the presence of toxic compounds below the detection
limit of the equipment. In addition, PFCL impurities can vary
from different brands and from batch to batch of the same
brand. Also, some PFCL impurities could be leachable sub-
stances, which can be derived from packaging materials and
could be toxic as xylols [25]. Therefore, the establishment of a
detailed risk analysis and to perform a combination of chemi-
cal studies and biological cytotoxicity test in the packaged final
product (i.e., a batch) previously to release into market is of
vital importance.

Direct cytotoxicity test for each batch

The 100% purified PFCL is safe for patients. It is considered
that PFCLs that are highly purified, which are tested for their
physical and chemical characteristics, and biological response
following the ISO guidelines and EU regulations are safe for
patients. Nevertheless, in reality, the reported clinical cases
show different scenarios. The manufacturers of toxic batches
of the AlaOcta® or BioOctane Plus® assured that purity of
their products was higher than 99% and they are safe [1, 3].

Several toxic compounds such as acids, alcohols, and
esters have been detected in different PFO batches. It depends
on their concentrations in the PFCL batch to produce low-to-
high adverse biological responses in live cells; however, all
of them should be eliminated from the final products. Table 3
shows few impurities that have been detected in different
batches of the PECL of AlaOcta®, BioOctane Plus®, Meroc-
tane® [1, 3, 22, 28, 30]. Impurity profiles differ from one to
another batch of the PFCL [1, 3, 22, 28, 30]. Batches’ impu-
rity profiles may change during their shelf life due to reac-
tions among the reactive underfluorinated compounds. Phar-
maceutical processing steps involving the impact of energy
can trigger such changes [27]. There are several such reasons
for the significant differences between batches derived from
the same raw materials, such as in case of AlaOcta® toxicity
[27]. Nevertheless, what is the biological response of each
profile of impurities is difficult to predict without perform-
ing an appropriate cytotoxicity test. PFCL toxicity is batch-
dependent [3, 5, 22, 26, 30]. Considering all of these points,
the biological response of each PFCL batch together with
chemical analysis must be performed for releasing the final
PFCL product to market. Another point is the storage time of
the PFCL. In the case of AlaOcta®, it has been demonstrated
that the toxicity has been enhanced along storage time of the
PFCL [1, 2]. Therefore, it is very recommendable to measure
the PFCL stability in several different conditions and adverse
events that could generate.
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Table 3 Few reported
impurities in different batches
of PFCL

PFCL Batch number  Biological Chemical analy- Chemical impurities
analysis sis technique

AlaOcta® 171,214 Toxic FT-IR/GC-MS  PFOA, DFH, EB, PX, DMB
061,014 Toxic FT-IR/GC-MS  PFOA, DFH, EB, PX, DMB
070,714 Toxic FT-IR-/GC-MS PFOA, DFH, EB, PX, DMB
050,514 Toxic FT-IR/GC-MS  PFOA, DFH, EB, PX, DMB

BioOctane Plus® 1,605,148 Toxic GC-MS TBT-Br

Meroctane® OCT.01.2013  Toxic GC-MS TDFD, DFH, HDFN, PFD, TDFH,

ESFU, PMCP, PDA, PDFO, HP,
PDFO

GC-MS, gas chromatography-mass spectrometry; F7-IR, Fourier-transform infrared spectroscopy; TBT-Br,
tributyltin bromide, C12H27BrSn; DFH, 1H,1H,7H-dodecafluoro-1-heptanol; EB, ethylbenzene; PFOA,
perfluorooctanoic acid; PX, P-xylene; DMB, 1,4-dimetyl-benzene; TDFD, 1,1,1,2,2,3,3,4,4,5,5,6,6-tri-
decafluorotridecane; HDFN, 1H,1H,9H-hexadecafluoro-1-nonanol; PFD, perfluorodecalin, TDFH,
1,1,1,2,2,3,3,4,4,5,6,6,6-tridecafluorohexane; MDFH, methyl 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluorohep-
tanoate; PH, 1H,1H-perfluoro-1-heptanol; ESFU, 1H,1H,11H-eicosafluoro-1-undecanol (ESFU), PMCP,
perfluoro-N-(4-methylcyclohexyl) piperidine; PDA, perfluorododecanoic acid; PDFO, pentadecafluorooc-
tanoic acid, methyl ester, CoH;F,50,; HP, 1,1,1,3,3,3-hexafluoropropane; PDFO, pentadecafluorooctanoic
acid, isopropyl ester

*Cause of toxicity: there are several alcohols, acids, and other impurities. Therefore, it needs study to con-
firm that alcohol is the one that caused toxicity and not the rest. However, biological tests ensure that none

of them are in the concentrations that produce toxicity

Operationalization of safety monitoring
of medical devices in India

Medical devices are indispensable segment in a health care
facility for the diagnosis, monitoring, treatment, or manage-
ment of an array of disorders. Recently, public health safety
concerns associated with medical devices like hip implant
failure in India [35] drew attention to the need for a parallel
system for the surveillance of medical devices. Government
of India responded by commencing a program entitled Mate-
riovigilance Programme of India (MvPI) in 2015 to ensure
the safe use of medical devices in Indian population. The
primary objective of this program is to identify the adverse
events linked with the use of medical devices available in
Indian market and to eliminate the possible risks through
a well-placed reporting system. Post market surveillance
for the medical devices is a mandatory requirement for the
license holder in India. As per the Medical Devices Rules
2017 (MDR 2017), “the License Holder or its legal repre-
sentative in India shall inform the State Licensing Author-
ity (SLA) or Central Licensing Authority (CLA), as the
case may be of the occurrence of any suspected unexpected
serious adverse events, and take necessary action thereon,
including any recall within 15 days of such event coming to
the notice of the License Holder.” Reporting device-related
adverse events is voluntary for health care professionals or
patients. As per MDR 2017, medical devices are classified
into four classes in India ranging from class A to class D
based on their risk imposing potential to the users/health
care professionals/third party. PFCL is categorized under
aqueous/vitreous humor replacement kit as a class D medical
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device indicating the hazardous potential of the PFCL.
Therefore, extreme care is advised while handling PFCL.

MvPI is housed at the Indian Pharmacopoeia Commission
(IPC), Ghaziabad, India, serving as a National Coordination
Centre for the program. IPC receives device-related adverse
events through its network of 150 medical device adverse
event monitoring centres (MDMCs), 505 adverse drug reac-
tion monitoring centres [(AMCs), established under the Phar-
macovigilance Programme of India (PvPI) to monitor the
safety of drugs and vaccines in India], marketing authoriza-
tion holders (MAHs), and consumers.

For the seamless and easy reporting of adverse events
linked with medical devices, IPC has developed an elec-
tronic adverse event reporting form (http://ipc.gov.in/
images/MEDICAL_DEVICE_ADVERSE_EVENT_
REPORTING_FORM_editable.pdf) and Field safety cor-
rective action (FSCA) notification form (http://ipc.gov.
in/images/FIELD_SAFETY_CORRECTIVE_ACTION_
NOTIFICATION_FSCA_FORM.pdf), a user-friendly
mobile app and a toll-free helpline number (1800-180-
3024) for simultaneous reporting of adverse events.
Reports are compiled and analyzed at IPC by applying
the globally recognized scientific standards/parameters
to ensure the quality of the adverse event reports. Then,
reports are forwarded to relevant subject experts for their
clinical review and causality assessment, and finally,
reports enclosed with subject experts’ opinions are dis-
cussed in core technical committee for the conclusion and
recommendations, if any. Conclusions and recommenda-
tions are then forwarded to National Regulatory Authority
(NRA) for necessary action.
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Conclusion

In the European Union, the manufacturers follow the ISO
guidelines and the EU-MDR for QA to evaluate safety of
medical devices such as PFCL by performing required tests
and for acquiring CE certification for commercialization.
This review tries to evaluate the current scenario about
PFCL regulations and latest researches and is focused
on addressing the need for adapting the current demand
to avoid uncertainty on quality, safety, and market of the
PFCL. In current scenario, biological tests based on direct
exposure of PFCL to live cells are proved for its utility and
necessary together with chemical analysis for dealing with
PFCL-based cytotoxicity. However, recently approved in
2020, the ISO guideline “Ophthalmic implants—Ocular
endotamponades. ISO/FDIS 16672.2 (https://www.iso.org/
standard/70806.html).” still does not provide a clear answer
regarding the concerns.
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