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ABSTRACT

Ophthalmologists frequently face patients who
refuse asepsis protocols involving povidone-
iodine (PI) due to claims of an allergy to iodine.
Such patients usually base this claim on previ-
ous reactions to shellfish consumption or to
imaging procedures that used iodine-based
contrast agents. Allergy to iodine, however, is
biologically impossible, and iodine deficiency
causes severe developmental problems, includ-
ing mental retardation. Furthermore, shellfish
allergy is due to tropomyosins in muscle tissue,
and reactions to intravascular contrast dyes are
due to hyperosmolar solutions; neither ‘‘allergy’’
is due to iodine. PI, which contains 9–12%
iodine, is the preferred antiseptic for oph-
thalmic procedures. Experience shows that PI
can be administered safely to patients claiming
iodine allergy. True allergy to PI is rare and, if
indicated, skin patch testing can be performed
prior to surgery. Patients who react adversely to
highly concentrated (5–10%) PI usually experi-
ence toxicity to the corneal and conjunctival
epithelium after topical administration. Dilute
(0.1–0.25%) PI kills microbes quicker than
higher concentrations but for shorter periods of

time because the total dose of iodine is smaller.
Repeated administration (every 20–30 s) of
dilute PI effectively kills microbes for as long as
necessary with little risk of epithelial toxicity.
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Key Summary Points

Iodine allergy is a myth.

Shellfish allergy is due to tropomycins
present in muscle, whereas contrast dye
‘‘allergy’’ is a hyperosmolar reaction;
neither is due to iodine.

Povidone-iodine (PI) allergy is rare, but
toxicity to the corneal and conjunctival
epithelium is sometimes seen.

PI is the preferred antiseptic for
ophthalmic procedures.

Frequent administration of dilute
(0.1–0.25%) PI may provide better
antisepsis than 5–10% PI without toxicity
to the epithelium.
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INTRODUCTION

‘‘But doctor I can’t receive betadine because I’m
allergic to iodine.’’ Ophthalmologists, office
staff, and operating suite circulators all too fre-
quently hear these words when patients are
being prepped for intravitreal injections or sur-
gical procedures. It usually causes staff to halt
their work and query the physician about what
to do next. Often the ‘‘iodine allergy’’ is listed in
the medical record, which adds credence to the
patient’s claim. When confronted with this sit-
uation some physicians will tell staff to with-
hold povidone-iodine (PI) and perhaps use
chlorhexidine on the skin with sterile saline
irrigation of the conjunctiva. Others will ques-
tion the validity of the allergy claim and insist
on the use of PI, which confuses and concerns
the patient and staff.

The purpose of this commentary is to address
the notion of ‘‘iodine allergy’’ and provide
physicians and support personnel with a strat-
egy for managing these challenging patients.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

THE ROLE IN IODINE IN HUMAN
PHYSIOLOGY

When considering the possibility of an iodine
allergy, one needs to understand the critical role
of iodine in human physiology. Iodine is a vital
micronutrient that is required by the human
body during all stages of life, with fetal devel-
opment through early childhood being the
most critical period. Iodine deficiency disorder
(IDD) is the world’s most common
endocrinopathy and the most easily pre-
ventable cause of mental retardation [1].
Unfortunately, one third of the world’s popu-
lation lives in iodine-deficient areas [2] and one
fifth of pregnant women in India give birth to
children who fail to reach full potential due to
maternal IDD. [3]

COMMON REASONS
FOR REPORTED IODINE
‘‘ALLERGIES’’

Patients are usually told they are allergic to
iodine because they have had adverse reactions
to compounds known to be rich in iodine. The
most common causes of these reactions are
exposure to iodinated contrast dye used in
radiologic procedures and the consumption of
shellfish. Suspected links between iodine aller-
gies, radio-opaque contrast dyes, and shellfish
are based on several associations that were first
suggested in the 1970s. [4]

Radio-opaque contrast dyes rely on iodine to
produce images during studies because the
innermost electron binding energy of iodine
resembles that of the incident X-rays. Photo-
electric absorption occurs efficiently, thereby
creating a shadow on the photosensitive ‘‘film’’
and producing detailed diagnostic images.

In a 1973 survey, acute reactions to radio-
contrast dye occurred in 6% of patients with
seafood allergies [5], and a 1975 survey reported
that patients with a history of any allergy were
2.2-fold more likely to have a reaction to iodi-
nated contrast media than those who reported
to be allergy free [6]. The most frequent allergy
reported by patients with adverse events was
seafood (15% of patients), although a similar
percentage of patients reported allergies to eggs,
milk, or chocolate (15%).

The link between seafood and iodine allergy is
less clear than that between radiocontrast dye and
iodinealthoughtheoriginsof these twobeliefs are
probably related. Shellfish have high tissue con-
centrations of iodine, and with the ‘‘discovery’’ of
a connection between radiocontrast dye and
iodine—subsequently proven to be incorrect—
physicians probably projected that same associa-
tion between shellfish and allergies [7]. However,
shellfish allergies are due to the presence of tro-
pomyosins, which are proteins important to
muscle contraction. Tropomyosins are cross-re-
active allergens among crustaceans andmollusks,
but not scaled fish. People who are allergic to fish
likely react to the protein parvalbumin [8].

As a result of these findings, physicians and
other healthcare workers were taught that
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adverse reactions to radiocontrast dyes were due
to iodine allergies. A 2008 survey of six aca-
demic medical centers found that 67% of radi-
ologists and 89% of cardiologists ask about
shellfish allergy before giving radiocontrast dye.
Additionally, 35% of radiologists and 50% of
cardiologists would withhold radiocontrast dye
if the patient reported a shellfish allergy [4].

By the time of a 2019 survey, some beliefs
regarding shellfish had changed, but the idea of
‘‘iodine’’ allergy was still embraced by a sub-
stantial proportion of physicians. In that sur-
vey, emergency medicine and radiology
residents and senior physicians were asked if
they would honor an order to administer
radiocontrast dye if a patient reported various
allergies. Among the physicians who responded,
20% reported that they would either withhold
or consider withholding radiocontrast dye if
patients reported shellfish allergies [9].

This moderation in the belief that iodine
allergy leads to adverse events with radiocon-
trast dye may have come from the findings of a
systematic review [7], which reiterated that
adverse events during the administration of
radiocontrast dye were not due to shellfish
allergy, but rather were associated with any
allergy [6, 10]. Interestingly, the incidence of
subsequent adverse events in patients who had
previous reactions with contrast dyes were
mixed [11, 12].

If iodine has nothing to do with radiocon-
trast dye-related adverse events and patients
with previous reactions to dye can subsequently
be imaged successfully, then what is the mech-
anism of contrast dye-related reactions? The
conversion to non-ionic, hypertonic contrast
dyes with di- and tri-iodinated rings began in
1978 [13]. Hypertonicity increases the risk of
adverse events, including vasodilation,
increased capillary permeability, mast cell
granulation, and direct cardiotoxicity and
nephrotoxicity [7]. A literature review showed
that low-osmotic contrast media was associated
with a fourfold decrease in all reactions and a
fivefold decrease in serious reactions [7]. Pre-
treatment with corticosteroids does not reduce
the rate of severe adverse events, consistent
with the adverse event being a hyperosmolar
reaction and not an immune-mediated one

[14]. Patients who have an adverse reaction to
contrast dye can usually be successfully re-im-
aged with a lower osmolar dye. [7]

OPHTHALMOLOGY

Asepsis has been an important part of ophthal-
mologic surgery for decades. Tincture of iodine
was used for surgical asepsis through the first
half of the twentieth century, but this gave way
PI, which first came into commercial use in
1955. PI is a chemical complex of triiodide (I3

-)
and the polymer povidone (polyvinylpyrroli-
done), with the latter serving as a carrier for the
iodine (Fig. 1). PI contains 9–12% of slowly
released available iodine [15] that oxidizes
water, damages microbial membrane proteins
[16], and kills a broad range of organisms,
including multidrug-resistant Gram-positive-
negative bacteria, mycobacteria, fungi (but not
spores), protozoa, and viruses. Bacteria do not
develop resistance to PI [17, 18]. Since PI can
safely and effectively sterilize skin or mucous
membranes in most patients, it has become
widely used to prevent infection from ophthal-
mologic and other surgical procedures, as well
as to treat active infections. PI sterilizes the
conjunctiva of Neisseria gonorrhea and herpes
simplex and significantly reduces the number of
Chlamydia isolates [19]. A single application of
PI was found to be more effective than silver
nitrate or erythromycin ointment in preventing
ophthalmia neonatorum [20]. Experience from
several countries demonstrates that topical
1.25% PI may be used to treat corneal ulcers
[21–23].

Much of the basic science and clinical evi-
dence supporting the use of PI as asepsis for
ophthalmologic surgery originated in the early
1990s. An early prospective study showed that 3
days of pre-operative PI use reduced conjuncti-
val bacteria similarly to 3 days of a combination
antibiotic (Neosporin) ointment [24]. The first
large-scale study on the routine use of PI as
prophylaxis against endophthalmitis showed
that post-cataract surgery rates of endoph-
thalmitis were reduced fourfold versus routine
use of a silver nitrate solution [25]. In another
study, a single application of PI just before
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incisional ophthalmologic surgery reduced the
incidence of positive limbus bacterial cultures
from 78 to 28% [26]. A survey of 469 surgical
centers in Germany reported that pre-operative
PI on the conjunctiva together with intracam-
eral antibiotics significantly reduced rates of
endophthalmitis [27]. The authors of an evi-
dence-based update of MEDLINE literature from
1966 to 2000 concluded that the ‘‘current liter-
ature most strongly supports the use of preop-
erative povidone-iodine antisepsis.’’ [28] As a
result of these and numerous other studies, the
pre-operative use of PI to sterilize the conjunc-
tiva and reduce the incidence of endoph-
thalmitis has become standard of care.

Topical antibiotics had long been used to
prevent endophthalmitis after intravitreal
injections despite a lack of supporting evidence
[29], but because of a lack of efficacy and con-
cerns over inducing bacterial resistance, many
surgeons have discontinued the use of peri-oc-
ular antibiotic injections [30]. Patients who
receive intravitreal anti-vascular endothelial
growth factor (VEGF) injections without having
received PI because of a self-reported iodine
allergy, however, may have a very high
endophthalmitis rate (9.4%; 5 of 53 patients)
[31]. And surprisingly, the rate of intravitreal
injection-related endophthalmitis may be

higher in patients who receive topical antibi-
otics [32]. The Diabetic Retinopathy Clinical
Research network (DRCT.net) has stopped the
use of peri-injection antibiotics, but it has
mandated that all patients receive PI, even
those who report iodine ‘‘allergy.’’ Major oph-
thalmic organizations uniformly recommend
the use of pre-injection PI, but draping of the
patient varies according to location (common
in Europe and the Middle East but rare in the
USA).

The use of topical PI for injections and sur-
gery is widely accepted, but uncertainty
regarding optimal concentration and dosing
frequency still exists. Furthermore, because of
conflicting and incomplete data, there is no
uniform recommendation regarding the opti-
mal exposure time to 5% PI before beginning a
procedure, although major societies are in
alignment. The European Society of Cataract
and Refractive Surgery, American Society of
Cataract and Refractive Surgery, and American
Academy of Ophthalmology recommend that a
5–10% solution of PI be applied to the perior-
bital skin, conjunctiva, and cornea for at least
3 min prior to starting surgery [33]. An expert
panel recommended a minimum exposure time
of 30 s before performing an intravitreal injec-
tion [34], but a 2-min exposure to 5% PI is the

Fig. 1 Povidone-iodine consists of repeating polyvinylpyrrolidone units bound to triidodide anions. Release of an iodine
atom creates the antiseptic effect
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recommended protocol prior to intravitreal
injection in France [35]. Another study found
that a 15-s exposure to 5% PI did not decrease
the number of conjunctival colony-forming
units and that there was no difference in the
number of colony-forming units after a 2-min
exposures to 1% or 5% PI, although greater
corneal epithelial toxicity was seen in the 5%
group [36]. Lower concentrations of PI (1.25%)
are commonly used in China and Japan. [37].

POVIDONE-IODINE DOSING

The microbial killing activity of PI does not
appear to be related to the concentration of the
drop, but rather to the amount of free iodine
[38]. Free iodine concentrations in PI solutions
are as follows: 5 ppm in a 10% solution; 13 ppm
in a 1% solution; 24 ppm in a 0.1% solution;
and 13 ppm in a 0.01% solution. Because of
this, lower concentrations of PI (down to 0.1%)
have higher peak bactericidal activity (i.e., the
time to kill bacteria is shorter for 0.1–1% PI than
for 2.5–10% PI). Once free iodine reacts with
bacteria it becomes inactive, and since solutions
with lower concentrations of PI do not have the
large iodine reservoirs of high concentrations,
the killing effect cannot be sustained. Solutions
with higher concentrations of PI take longer to
kill bacteria, but their effect is longer.

Dilute PI is prepared by mixing the com-
mercially available product (5 or 10%) with
physiologic saline [39]. The shorter duration of
action of dilute PI can be compensated for by
repeatedly applying drops every 20–30 s for the
duration of the surgery [40]. Repeated admin-
istration (every 30 s) of dilute PI (0.25%)
throughout a cataract surgery combines a high
peak killing activity with a prolonged duration
of action [41]. It is recommended that dilute PI
be discarded at the end of the day during which
it is prepared [42]. Conjunctival irrigation of 5%
PI results in fewer cultures than 2 drops of 5%
PI. [41].

Repeated use of PI is limited by corneal
endothelial and epithelial toxicity. Exposure of
rabbit endothelial cells to 0.25% PI was found to
be toxic [42], as was a 2 ml injection of 1% PI
into an anterior chamber [43], but injections of

only 0.05 ml of 0.5–1% PI had no effect on
endothelial cell counts [44] nor did replacing
the aqueous solution with 0.1% PI. After repe-
ated intraoperative surface irrigation with
0.25% PI during cataract surgery, the anterior
chamber contamination rate was found to be
0% [39] and the concentration of PI was 0.008%
[45]. Corneal epithelial toxicity resulting from
conjunctival lavage with PI is dose dependent
but unusual with concentrations less than 1%.
[44].

PI can be used safely in most patients, but it
should not be used in pregnant women before
32 weeks of gestation, patients receiving
lithium, or patients suffering from hyperthy-
roidism or dermatitis herpetiformis (Duhring’s
disease) [46]. The overall incidence of skin irri-
tation due to PI is 2.8%, and true allergy may
occur in up to 0.4% of patients [47]. Patch
testing has confirmed that allergic reactions to
PI are not caused by iodine but rather by the
non-iodinated copolymers in povidone. Some
patients may develop a skin rash that may be a
simple irritation, but in others the rash may be
part of an allergic reaction. The latter can be
sufficiently severe to resemble a chemical burn
or can even cause an anaphylactic reaction [48].
Most cases of post-procedure pain are from
sensitivity to concentrated PI (5–10%) rather
than an allergy. [49].

For those rare patients with true allergy to PI,
0.02% aqueous chlorhexidine can be used on
the eye [33]. This can be prepared by diluting a
20% chlorhexidine digluconate solution with
acetate buffer (pH 5.9, osmolality 270 mOsmol/
kg) under a laminar flow hood, filtering the
solution through a 0.22-lm filter, and asepti-
cally dispensing it into HDPE droppers. This
solution can be stored for 1 month (after
opening) or 6 months (sealed) [50].

CONCLUSIONS

Povidone-iodine is a potent and well-tolerated
topical antiseptic that is used in a variety of
invasive procedures. Appreciation of its effec-
tiveness and safety has resulted in increased use
as both a prophylactic agent for procedures and
a treatment of active infections in
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ophthalmology. The following take-away points
are important to PI use in clinical practice:

1. Iodine allergy is a myth that was wrongly
advanced from a perception of adverse
reactions to iodine-containing radiocon-
trast dyes and shellfish allergies. The author
recommends that patients reporting iodine
allergy should be counseled regarding why
this is not possible. Claimed iodine allergy
should never be a reason for withholding PI
prophylaxis.

2. Povidone-iodine allergy is rare. If after a
complete history is obtained, concern over
allergy to PI persists, patients can be referred
for skin patch testing. Patients with demon-
strated allergy to PI can be treated with
dilute chlorhexidine (0.02%) to the cornea
and conjunctiva.

3. Compared to a single application of 5–10%
PI, dilute PI (0.1–0.25%) kills microbes
much faster but its effect is briefer. Repeated
application of dilute PI every 20 s produces
a long kill time with minimal surface tox-
icity and can be administered instead of a
single 5–10% drop.

ACKNOWLEDGEMENTS

Funding. No funding or sponsorship was
received for this study or publication of this
article.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

Disclosures. The author is a consultant for
Alkahest and Bayer, and has received institu-
tional research support from Allergan, Kang
Hong, and Santen.

Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analyzed during the current study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Patrick L. Iodine: deficiency and therapeutic con-
siderations. Altern Med Rev. 2008;13:116–27.

2. Dunn JT. Seven deadly sins in confronting iodine
deficiency and how to avoid them. J Clin Endocrin
Metab. 1996;81:1332–5.

3. Vir SC. Current status of iodine deficiency disorders
(IDD) and strategy for its control in India. Indian J
Pediatr. 2002;69:589–96.

4. Beaty AD, Lieberman PL, Slavin RG. Seafood allergy
and radiocontrast media: are physicians propagat-
ing a myth? Am J Med. 2008;121(158):e1-4.

5. Witten DM, Hirsch FD, Hartman GW. Acute reac-
tions to urographic contrast medium: incidence,
clinical characteristics and relationship to history of
hypersensitivity states. Am J Roentgenol Radium
Ther Nucl Med. 1973;119:832–40.

6. Shehadi WH. Adverse reactions to intravascularly
administered contrast media. A comprehensive
study based on a prospective survey. Am J Roent-
genol Radium Ther Nucl Med. 1975;24:145–52.

7. Schabelman E, Witting M. The relationship of
radiocontrast, iodine, and seafood allergies: a
medical myth exposed. J Emerg Med. 2010;39(5):
701–7.

936 Ophthalmol Ther (2022) 11:931–938

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


8. Leung PS, Chen YC, Chu KH. Seafood allergy: tro-
pomyosins and beyond. J Microbiol Immunol
Infect. 1999;32:143–54.

9. Sampson CS, Goddard KB, Bedy S-M, Stilley JAW.
The ‘‘myth’’ of iodine allergy to radiocontrast in
emergency medicine. Am J Emerg Med. 2019;37:
1362–93.

10. Shehadi WH, Toniolo G. Adverse reactions to con-
trast media: a report from the committee on safety
of contrast media of the International Society of
Radiology. Radiology. 1980;137:299–302.

11. Valls C, Andia E, Sanchez A, Moreno V. Selective
use of low osmolality contrast media in computed
tomography. Eur Radiol. 2003;13:2000–5.

12. Kopp AF, Mortele KJ, Cho YD, Palkowitsch P, Bett-
mann MA, Claussen CD. Prevalence of acute reac-
tions to iopromide: postmarketing surveillance
study of 74,717 patients. Acta Radiol. 2008;49:
902–11.

13. Lieberman PL, Seigle RL. Reactions to radiocontrast
material anaphylactoid events in radiology. Clin
Rev Allergy Immunol. 1999;17:469–96.

14. American College of Radiology. Manual on contrast
media. Reston: American College of Radiology;
2008.

15. Yanai R, Yamada N, Ueda K, et al. Evaluation of
povidone iodine as a disinfectant solution for con-
tact lenses: antimicrobial activity and cytotoxicity
for corneal epithelial cells. Cont Lens Anterior Eye.
2006;29(2):85e91.

16. Shelanski HA, Shelanski MV. PVP-iodine: history,
toxicity and therapeutic uses. J Int Coll Surg.
1956;25:727–34.

17. Fleischer W, Reimer K. Povidone iodine in
antisepsis—state of the art. Dermatology.
1997;195(Suppl 2):3–9.

18. Apt L, Isenberg SJ, Yoshimori R, Spierer A. Outpa-
tient topical use of povidone-iodine in preparing
the eye for surgery. Ophthalmology. 1989;96(3):
P289–92.

19. Benevento WJ1, Murray P, Reed CA, Pepose JS. The
sensitivity of Neisseria gonorrhoeae, Chlamydia tra-
chomatis, and herpes simplex type II to disinfection
with povidone-iodine. Am J Ophthalmol
1990;109(3):329–33.

20. Isenberg SJ, Apt L, Wood M. A controlled trial of
povidone-iodine as prophylaxis against ophthalmia
neonatorum. N Engl J Med. 1995;332(9):562–6.

21. Hale LM. The treatment of corneal ulcer with
povidone-iodine (Betadine). N C Med J. 1969;30:
54–6.

22. Katz J, Khatry SK, Thapa MD, et al. A randomized
trial of povidone-iodine to reduce visual impair-
ment from corneal ulcers in rural Nepal. Br J Oph-
thalmol. 2004;88:1487–92.

23. Isenberg SJ, Apt L, Valenton M, et al. Prospective,
randomized clinical trial of povidone-iodine 1.25%
solution versus topical antibiotics for treatment of
bacterial keratitis. Am J Ophthalmol. 2017;176:244-
53. https://doi.org/10.1016/j.ajo.2016.10.004.

24. Apt L, Isenberg SJ, Paez JH, et al. Chemical prepa-
ration of the eye in ophthalmic surgery: III. Effect of
povidone-iodine on the conjunctiva. Arch Oph-
thalmol. 1984;102:728–9.

25. Speaker MG, Menikoff JA. Prophylaxis of endoph-
thalmitis with topical povidone-iodine. Outpatient
topical use of povidone-iodine in preparing the eye
for surgery. Ophthalmology. 1991;98(12):1769–75.

26. Boes DA, Lindquist TD, Fritsche TR, Kalina RE.
Effects of povidone-iodine chemical preparation
and saline irrigation on the perilimbal flora. Oph-
thalmology. 1992;99(10):1569–74.

27. Schmitz S, Dick HB, Krummenauer F, Pfeiffer N.
Endophthalmitis in cataract surgery: results of a
German survey. Ophthalmology. 1999;106(10):
1869–77.

28. Ciulla TA, Starr MB, Masket S. Bacterial endoph-
thalmitis prophylaxis for cataract surgery: an evi-
dence-based update. Ophthalmology. 2002;109(1):
13–24.

29. Grzybowski A. The role of antibiotics in the pre-
vention of postintravitreal anti-VEGF endoph-
thalmitis: primum non nocere! Eye (Lond).
2014;28:500.

30. Schwartz SG, Flynn HW, Grzybowski A. Contro-
versies in topical antibiotics use with intravitreal
injections. Curr Pharm Des. 2015;21:4703–6.

31. Modjtahedi BS, van Zyl T, Pandya HK, et al.
Endophthalmitis after intravitreal injections in
patients with self-reported iodine allergy. Am J
Ophthalmol. 2016;170:68–74.

32. Cheung CSY, Wong AWT, Lui A, et al. Incidence of
endophthalmitis and use of antibiotic prophylaxis
after intravitreal injections. Ophthalmology.
2012;119:1609–14.

33. Barry P, Cordoves L, Susanne G. ESCRS guidelines
for prevention and treatment of endophthalmitis
following cataract surgery: data dilemmas and

Ophthalmol Ther (2022) 11:931–938 937

https://doi.org/10.1016/j.ajo.2016.10.004


conclusions 2013. 2013. www.escrs.org/
endophthalmitis/guidelines/ENGLISH.pdf. Acces-
sed 11 Mar 2022.

34. Avery RL, Bakri SJ, Blumenkranz MS, et al. Intrav-
itreal injection technique and monitoring: updated
guidelines of an expert panel. Retina.
2014;34(Suppl 12):S1–18.

35. Dossarps D, Bron AM, Koehrer P, et al. Endoph-
thalmitis after intravitreal injections: incidence,
presentation, management, and visual outcome.
Am J Ophthalmol 2015;160:17–25.e1.

36. Lindquist TD, Maxwell AJ, Miller TD, et al. Prepa-
ration of corneal donor eyes comparing 1% versus
5% povidone-iodine. Cornea. 2011;30:333–7.

37. Shimada H, Nakashizuka H, Hattori T, et al. Effect
of operative field irrigation on intraoperative bac-
terial contamination and postoperative endoph-
thalmitis rates in 25-gauge vitrectomy. Retina.
2010;30:1242–9.

38. Berkelman RL, Holland BW, Anderson RL.
Increased bactericidal activity of dilute preparations
of povidone-iodine solutions. J Clin Microbiol.
1982;15:635–9.

39. Shimada H, Arai S, Nakashizuka H, et al. Reduction
of anterior chamber contamination rate after cat-
aract surgery by intraoperative surface irrigation
with 0.25% povidone/iodine. Am J Ophthalmol.
2011;151(1):11-7.e1.

40. Koerner JC, George MJ, Meyer DR, Rosco MG,
Habib MM. Povidone-iodine concentration and
dosing in cataract surgery. Surv Ophthalmol.
2018;63(6):862–8. https://doi.org/10.1016/j.
survophthal.2018.05.002.

41. Miño de Kaspar H, Chang RT, Singh K, et al.
Prospective randomized comparison of 2 different
methods of 5% povidone-iodine applications for
anterior segment intraocular surgery. Arch Oph-
thalmol 2005;123:161–5.

42. El Kitkat RS, Ebeid WM, Habib EK, Shoukry Y. Safety
of intracameral injection of minimal bactericidal
concentration of povidone iodine on the corneal
endothelium in a rabbit model. Cornea. 2016;35:
72–6.

43. Naor J, Savion N, Blumenthal M, Assia EI. Corneal
endothelial cytotoxicity of diluted povidone–io-
dine. J Cataract Refract Surg. 2001;27:941–7.

44. Jiang J, Wu M, Shen T. The toxic effect of different
concentrations of povidone iodine on the rabbit’s
cornea. Cutan Ocul Toxicol. 2009;28:119–24.

45. Shimada H, Nakashizuka H, Grzybowski A, et al.
Prevention and treatment of postoperative
endophthalmitis using povidone-iodine. Curr
Pharm Des. 2017;23(4):574–85.

46. RxList. Iodine. https://www.rxlist.com/iodine/
supplements.htm. Accessed 16 Mar 2022.

47. Lachapelle M. Allergic contact dermatitis from
povidone-iodine: a re-evaluation study. Contact
Dermat. 2005;52(1):9–10.
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