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Purpose: To	analyze	clinical	presentations,	antibiotic	susceptibility,	and	visual	outcomes	in	six	clusters	of	
post	cataract	surgery	endophthalmitis	caused	due	to	multidrug‑resistant	Pseudomonas aeruginosa	(MDR‑PA).	
This	was	a	hospital‑based	retrospective	cohort	 study.	Methods: Our	study	comprised	sixty‑two	patients	
from	six	nonconsecutive	clusters	of	post	cataract	surgery	endophthalmitis	caused	by	MDR‑PA	referred	to	
our	tertiary	eye	care	institute.	Demographic	details,	best‑corrected	visual	acuity	(BCVA),	clinical	features,	
microbiological	findings,	and	patient	management	were	reviewed.	Results: The	interval	between	onset	of	
symptoms	and	presentation	 ranged	 from	1	 to	7	 (mean:	4.61	and	median:	5)	days.	The	presenting	BCVA	
was	no	 light	perception	 in	 17	 (27.4%)	 eyes,	 light	perception	 in	 35	 (56.4%)	 eyes,	 and	hand	movement	 or	
better	in	10	(16.1%)	eyes.	All	patients	had	hypopyon	and	vitreous	exudates.	Corneal	infiltrates	were	noted	
in	40	(64.5%)	eyes.	Panophthalmitis	was	diagnosed	in	20	(32.2%)	eyes.	The	surgical	intervention	included	
intraocular	antibiotics	(IOAB)	in	8	(12.9%)	eyes,	pars	plana	vitrectomy	with	IOAB	in	26	(41.9%)	eyes,	and	
evisceration	 in	 23	 (37.09%)	 eyes.	At	 6	weeks,	 BCVA	of	 20/200	 or	 better	was	 achieved	 in	 9	 (14.5%)	 eyes.	
Pseudomonas aeruginosa	was	least	resistant	to	colistin	(8.3%),	piperacillin	(31.8%),	and	imipenem	(36.1%).	
Ceftriaxone	and	ceftazidime	resistance	was	seen	in	80.5%	and	70%	isolates,	respectively.	Conclusion:	Cluster	
endophthalmitis	due	to	MDR‑PA	has	poor	visual	outcomes	with	high	rates	of	evisceration.	In	the	setting	of	
cluster	endophthalmitis	where	MDR‑PA	is	the	most	common	etiology,	piperacillin	or	imipenem	can	be	the	
first	drug	of	choice	for	empirical	intravitreal	injection	for	gram‑negative	coverage	while	awaiting	the	drug	
susceptibility	report.
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Cluster	 endophthalmitis	 is	 a	 devastating	 complication	
for	patients,	 surgeons,	 and	 clinics.	Apart	 from	generating	
bad	 publicity	 for	 surgeons	 and	 clinics,	 it	 involves	many	
legal	 complications	 that	 include	 cancellation	 of	 license	 of	
the	 operating	 surgeon	 and	 the	 clinic.	Although	 optimum	
precautions	 are	 taken	while	 performing	 cataract	 surgery,	
episodes	of	 cluster	 endophthalmitis	 are	 reported	 in	various	
parts	 of	 India.[1‑3] Pseudomonas aeruginosa	 (PA)	 is	 the	most	
common	gram‑negative	organism	associated	with	post	cataract	
surgery	cluster	endophthalmitis.[4]	Since	they	are	not	part	of	the	
normal	conjunctival	flora,	outbreaks	of	PA	endophthalmitis	are	
most	likely	to	have	an	exogenous	source	of	infection.[5] These 
outbreaks	are	mainly	associated	with	intrinsic	contamination	
of	 the	 ophthalmic	 solution	 including	 the	 balanced	 salt	
solution,	 the	 intraocular	 lens	 fluid,	 the	 hyaluronic	 acid,	
trypan	blue,	contamination	of	internal	fluid	pathways	of	the	
phacoemulsifier,	a	contaminated	phaco	probe,	etc.[6‑12]

Cluster	 endophthalmitis	 often	 goes	 unreported	 in	 the	
medical	 literature.	However,	 isolated	reports	of	PA	cluster	

endophthalmitis	 following	 cataract	 surgery	 have	 been	
described	in	the	literature.[1,3,6,7,9‑12]	There	have	been	variations	
in	 clinical	 presentations,	 interventions,	 outcomes,	 and	
antibiotic	 susceptibility	 patterns	 in	 these	 reports.	 Lastly,	
there	 have	 been	 concerns	 about	 the	 growing	 resistance	
of	 PA	 to	 available	 antibiotics.[13]	 Since	 our	 institute	 is	 the	
referral	 institute	 of	Central	 India,	 it	 caters	 to	 populations	
from	five	adjoining	 states.	Hence,	we	had	 the	opportunity	
to	manage	 some	 instances	 of	 cluster	 endophthalmitis	
from	these	regions	 in	 the	past	 two	decades.[2] The purpose 
of	 this	 study	was	 to	 evaluate	 the	 clinical	 presentations,	
types	 of	 surgical	 interventions,	 treatment	 outcomes,	 and	
antibiotic	 susceptibility	 patterns	 in	 six	 nonconsecutive	
clusters	of	post	cataract	surgery	endophthalmitis	caused	by	
multidrug‑resistant	Pseudomonas aeruginosa	 (MDR‑PA)	over	
a	period	of	12	years.
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Methods
The	 Institutional	 Ethics	 Committee	 approved	 the	 study	
(IEC/MGMEI/I/2018/34)	and	it	was	conducted	in	full	accord	
with	 the	 tenets	 of	 the	Declaration	 of	Helsinki.	 Since	 the	
study	involved	a	retrospective	chart	review	of	the	concerned	
patients,	 the	Ethics	Committee	granted	an	 exemption	 from	
obtaining	informed	consent	from	patients.	The	medical	records	
of	 patients	with	 cluster	 endophthalmitis	 referred	 to	 our	
tertiary	eye	care	institute	from	December	2006	to	November	
2018	were	 reviewed.	Cluster	 endophthalmitis	was	defined	
as	 a	higher	occurrence	of	 endophthalmitis	 as	 compared	 to	
the	local	incidence	pattern	or	the	occurrence	of	two	or	more	
cases	 of	 endophthalmitis	 on	 a	 particular	 day	 in	 a	 single	
operating	 room	 in	one	 center.[14]	 In	 this	 study,	we	 included	
only	 those	clusters	 that	were	caused	by	MDR‑PA.	MDR‑PA	
was	defined	as	nonsusceptibility	(i.e.,	resistant	or	intermediate	
sensitivity)	 to	 at	 least	 one	 agent	 in	 at	 least	 3	 antimicrobial	
classes	of	the	following	6	classes:	1.	ampicillin/sulbactam,	2.	
cephalosporins	(cefepime,	ceftazidime),	3.	β‑lactam/β‑lactamase	
inhibitor	combination	(piperacillin,	piperacillin/tazobactam),	
4.	 carbapenems	 (imipenem,	meropenem,	 doripenem),	 5.	
fluoroquinolones	 (ciprofloxacin	 or	 levofloxacin),	 and	 6.	
aminoglycosides	(gentamicin,	tobramycin,	or	amikacin).[15]

Data	 collection	 included	assessment	of	 the	demographic	
profile	of	the	patients,	type	of	cataract	surgery,	evaluation	of	
signs	and	symptoms,	time	interval	between	cataract	surgery	
and	 onset	 of	 symptoms,	 time	 interval	 between	 onset	 of	
symptoms and presentation at our institute, any intervention 
for	 endophthalmitis	done	 elsewhere	before	presentation	 to	
us,	presenting	and	final	best‑corrected	visual	acuity	(BCVA)	
of	the	affected	eye,	microbiological	records	including	analysis	
of	 culture	 reports	 and	 antibiotic	 susceptibility,	 treatment	
received,	 and	visual	 and	 anatomical	 outcomes	 at	 the	final	
follow‑up.	Undiluted	vitreous	 samples	were	obtained	and	
sent	for	microbiological	smear	and	culture	assessment.	Smears	
were	 examined	 for	Gram’s,	Giemsa,	 and	 10%	potassium	
hydroxide	mount.	 The	 remaining	 sample	was	 inoculated	
on	blood	agar	 (5%	sheep	blood),	chocolate	agar,	Sabouraud	
dextrose	agar,	and	brain	heart	infusion	broth	and	incubated	
at	the	appropriate	temperature	and	atmospheric	conditions.	
Antibiotic	 susceptibility	 to	amikacin,	 cefazolin,	 ceftazidime,	
ceftriaxone,	 chloramphenicol,	 ciprofloxacin,	 colistin,	
gatifloxacin,	gentamicin,	 imipenem,	moxifloxacin,	ofloxacin,	
piperacillin,	tobramycin,	and	vancomycin	was	tested	using	the	
Kirby‑Bauer	disk	diffusion	method.	Each	isolate	was	labeled	
either	resistant	(resistant	and	intermediate)	or	susceptible	to	a	
particular	antibiotic	based	on	the	zone	of	inhibition	around	the	
antibiotic‑impregnated	filter	paper	disc.	The	treatment	outcome	
at	6	weeks	was	defined	as	favorable	or	unfavorable.	A	favorable	
outcome	was	defined	as	a)	 absence	of	 infection	 (no	 corneal	
infiltrates,	absence	of	cells	in	the	anterior	chamber,	and	a	clear	
vitreous	 cavity)	b)	 intraocular	pressure	of	 >10	mmHg,	 and	
c)	BCVA	≥20/200.	An	unfavorable	outcome	was	considered	if	
any	one	of	the	following	was	present:	a)	an	intraocular	pressure	
of	<10	mmHg	with	BCVA	≤20/200,	b)	presence	of	phthisis	bulbi,	
or	c)	an	eviscerated	eye.

Statistical analysis
Data	was	 entered	 in	 a	Microsoft	Excel	 spreadsheet	 and	

analyzed	using	 SPSS	 software	 for	Windows	 (version	 16.0,	
SPSS	Inc,	Chicago,	IL).	Quantitative	and	qualitative	variables	

were	expressed	as	mean	±	standard	deviation	and	percentages,	
respectively.	The	Pearson	Chi‑square	 test	was	used	 to	find	
out	 the	 associations	 and	 to	 carry	 out	 univariate	 analysis.	
Multiple	logistic	regression	was	used	for	multivariate	analysis.	
A	 two‑tailed P value	 of	 <0.05	was	 considered	 statistically	
significant.

Results
During	 the	 study	 period, 	 12	 episodes	 of 	 c luster	
endophthalmitis	were	identified.	Out	of	12	clusters,	patients	
in	 6	 clusters	 (62	 patients)	 developed	 endophthalmitis	
due	 to 	 MDR‑PA; 	 c luster 	 1 	 (December	 2006) 	 had	
4	 patients,	 cluster	 2	 (September	 2011)	 2	 patients,	 cluster	
3	(October	2011)	4	patients,	cluster	4	(March	2012)	9	patients,	
cluster	5	(December	2012)	13	patients,	and	cluster	6	(March	2018)	
30	 patients.	All	 the	 patients	were	 operated	 for	 cataract	
elsewhere and referred to our institute for the management 
of	 acute	postoperative	endophthalmitis.	The	mean	age	was	
62.53	±	8.91	years	(range	30–80	years).	There	were	25	(40.3%)	
male	 and	37	 (59.7%)	 female	patients.	 Five	 (8.06%)	patients	
had	a	history	of	diabetes	and	4	(6.4%)	patients	had	a	history	
of	 hypertension.	 Small	 incision	 cataract	 surgery	 (SICS)	
was	 performed	 in	 39	 (62.9%)	 eyes,	 extracapsular	 cataract	
surgery	(ECCE)	in	20	(32.2%)	eyes,	and	phacoemulsification	
was	 performed	 in	 3	 (4.8%)	 eyes.	All	 eyes	 had	 posterior	
chamber	intraocular	lens	(PCIOL)	implantation	during	primary	
surgery [Table	1].	All	patients	exhibited	symptoms	related	to	
endophthalmitis,	i.e.,	pain,	redness,	watering,	and	decrease	in	
vision	on	the	first	postoperative	day.	The	interval	between	onset	
of symptoms and presentation at our institute ranged from 1 to 
7	(mean:	4.61	and	median:	5)	days.	Twenty‑nine	(46.7%)	eyes	of	
cluster	4	and	6	had	surgical	interventions	for	endophthalmitis	
elsewhere	before	being	 referred	 to	our	 institute.	Out	of	 29	
eyes,	 intraocular	 antibiotics	 (IOAB)	were	 administered	 to	
22	(75.9%)	eyes	and	pars	plana	vitrectomy	(PPV)	with	IOAB	
was	performed	in	7	(24.1%)	eyes.

The	presenting	BCVA	was	no	light	perception	in	17	(27.4%)	
eyes,	 light	perception	 in	 35	 (56.4%)	 eyes,	 hand	movement	
in	 7	 (11.2%)	 eyes,	 counting	finger	 close	 to	 face	 to	 <20/200	
in	 2	 (3.2%)	 eyes,	 and	 visual	 acuity	 of	 20/200	 or	 better	 in	
1	 (1.6%)	eye.	Twelve	(19.3%)	eyes	had	restricted	extraocular	
movements.	At	presentation,	 corneal	 infiltrates	were	noted	
in	40	(64.5%)	eyes,	cataract	wound	gaping	in	20	(32.2%)	eyes,	
and	wound	 infiltration	 in	4	 (6.4%)	eyes	 [Fig.	 1a	and	b].	All	
patients	had	hypopyon	and	fibrinous	reactions	in	the	anterior	
chamber	 [Fig.	 1d].	 The	 intraocular	 lenses	were	 partially	
extruded	 in	3	 (4.8%)	 eyes	 (cluster	 5:	 2	 eyes	and	cluster	 6:	 1	
eye)	 [Fig.	 1c].	 Fundus	 examination	 revealed	grade‑4	media	
haze	in	60	(96.8%)	eyes	and	grade‑2	media	haze	in	2	(3.2%)	eyes.	
Ocular	ultrasonography	revealed	vitreous	exudates	in	all	eyes.	
Retinal	detachment	was	noted	in	5	(8.06%)	eyes	belonging	to	
cluster	6.	Choroidal	thickness	>1.5	mm	(maximum	threshold	
for	normality	is	1.5	mm)	was	present	in	46	(74.2%)	eyes	and	“T”	
sign	was	noted	in	22	(35.4%)	eyes[16,17] [Table	2].	Panophthalmitis	
was	diagnosed	in	20	(32.2%)	eyes.

At	presentation,	patients	from	all	the	clusters	were	started	on	
an	intensive	topical	antibiotic	(ciprofloxacin	0.3%,	half‑hourly),	
corticosteroids	 (prednisolone	 acetate	 1%,	 frequency	 as	
deemed	 appropriate	 by	 the	 treating	 ophthalmologist),	
topical	 cycloplegic	 (atropine	 sulphate	 1%,	 3	 times	 a	day),	
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and	 intravenous	 ciprofloxacin	 (6	mg/kg,	 12	 hourly).	 The	
patients	also	received	oral	steroids	(prednisolone	1	mg/kg/day	
as	 deemed	 appropriate	 by	 the	 treating	 ophthalmologist).	
Topical	 and	 systemic	 antibiotics	were	 further	modified	
according	 to	 the	drug	 susceptibility	 reports	 of	 the	vitreous	
sample [Table	3].	Intravenously,	cluster	1	received	ciprofloxacin	
6	mg/kg	12	hourly,	 cluster	2	 tobramycin	1	mg/kg	8	hourly,	
cluster	3	colistin	1.25	mg/kg	12	hourly,	cluster	4	piperacillin	
3	g	6	hourly,	cluster	5	amikacin	5	mg/kg	8	hourly,	and	cluster	
6	received	ceftazidime	1	g	8	hourly.	All	systemic	antibiotics	
were	 given	 for	 a	minimum	period	 of	 1	week.	 Pars	 plana	
vitrectomy	(PPV)	was	performed	in	those	eyes	in	which	corneal	
clarity	permitted	good	visibility	 for	vitrectomy.	 IOAB	were	
administered	 in	 eyes	 in	which	vitrectomy	was	not	possible	
and	 evisceration	was	done	 in	 eyes	with	panophthalmitis.	
Surgical	 interventions	 at	 our	 institute	 included	 IOAB	 in	
8	 (12.9%)	 eyes,	 PPV	 along	with	 IOAB	 in	 26	 (41.9%)	 eyes,	
primary	evisceration	in	20	(32.2%)	eyes,	and	PPV	followed	by	
evisceration	in	3	(4.8%)	eyes	[Table	2].	Five	(8%)	patients	from	
cluster	6	refused	to	undergo	surgical	intervention	advised	for	
endophthalmitis,	and	consented	for	only	medical	management.	
Vancomycin	(1	mg/0.1	ml)	and	ceftazidime	(2.25	mg/0.1	ml)	
were	 the	 initial	 intravitreal	 antibiotics	 that	were	 injected	
either	 in	 isolation	 or	 in	 combination	with	PPV.	Antibiotic	
selected	for	repeat	intravitreal	injections	depended	on	the	drug	
susceptibility	reports	of	the	vitreous	biopsy.

Mean	 follow‑up	period	was	 8.13	 ±	 2.61	 (range	 6	 to	 15)	
weeks.	At	6	weeks,	9	(14.5%)	eyes	had	visual	acuity	of	20/200	
or	 better,	 4	 (6.5%)	 eyes	 had	 <20/200	 to	 counting	 fingers,	
15	 (24.1%)	 eyes	 had	 light	 perception,	 and	 34	 (54.8%)	 eyes	
had	 no	 light	 perception.	 Thus,	 a	 favorable	 outcome	was	
noted	 in	 9	 (14.5%)	 eyes	 [Fig.	 2],	whereas	 an	 unfavorable	
outcome	was	 noted	 in	 53	 (85.5%)	 eyes.	 Out	 of	 53	 eyes,	
phthisis	bulbi	was	noted	in	19	(30.6%)	eyes,	evisceration	was	
done	 in	 23	 (37.09%)	eyes,	 and	 the	globe	 could	be	 salvaged	

but	visual	acuity	was	<	20/200	in	11	(17.7%)	eyes.	Based	on	
univariate	 analysis,	 risk	 factors	 for	 unfavorable	 outcome	
were	time	interval	between	onset	and	presentation	of	more	
than 3 days (P	 =	 0.006),	 presenting	 visual	 acuity	 of	 hand	
movement or less (P	<	0.0001),	corneal	infiltrates	(P	<	0.0001),	
“T”	 sign	 (P	 =	 0.016),	 and	 choroidal	 thickness	of	more	 than	
1.5	mm	on	ocular	ultrasonography	(P	<	0.0001)	[Table	4].	Pars	
plana	vitrectomy	(P	<	0.001)	was	associated	with	a	favorable	
outcome	but	there	is	a	likelihood	of	selection	bias	as	only	cases	
with	clear	corneas	underwent	PPV.	Multivariate	analysis	failed	
to	identify	any	independent	risk	factor(s).

Antibiotic susceptibility (vitreous samples)
Antibiotic	susceptibility	was	done	 for	antibiotics	commonly	
used	in	ophthalmic	practice.	Susceptibility	test	to	imipenem,	
piperacillin,	and	colistin	was	not	done	in	our	Institute	before	
2010.	Table	3	shows	the	resistance	pattern	of	PA	from	various	
clusters.	PA from	each	cluster	showed	resistance	to	at	least	three	
classes	of	antibiotics	[Fig.	3].	Overall	PA	was	least	resistant	to	
colistin	(8.3%),	piperacillin	(31.8%),	and	imipenem	(36.1%).	The	
highest	resistance	noted	was	to	moxifloxacin	(100%)	followed	by	
gentamicin	(97.1%),	gatifloxacin	(92.5%),	tobramycin	(92.5%),	
ofloxacin	(91.4%),	and	ciprofloxacin	(89.4%).	Ceftriaxone	and	
ceftazidime	 resistance	was	 seen	 in	 80.5%	and	70%	 isolates,	
respectively	[Table	3].

Discussion
The	present	study	reports	one	of	the	largest	series	of	cluster	
endophthalmitis	 after	 cataract	 surgery	 caused	by	MDR‑PA.	
The	PA	isolates	from	all	the	clusters	were	resistant	to	various	
antibiotics	 that	 are	 commonly	used	as	first‑line	 therapy	 in	
treating	acute	postoperative	endophthalmitis.	The	treatment	
of	all	these	patients	required	antibiotics	that	are	not	routinely	
used.	Due	to	the	severity	of	clinical	symptoms,	virulence	of	
the	organism,	delay	in	presentation,	time	taken	for	obtaining	

Table 1: Demographic and operative details prior to presentation of different clusters

Cluster 
number 
(month, 
year)

Number 
of 

patients

Mean age 
in years 
(range)

Sex Systemic status 
(Comorbidities)

Type of 
cataract 
surgery n (%)

Interval between 
cataract surgery 

and onset of 
symptoms (days)

Interval between 
onset of symptoms 
and presentation 

(days)

Previous 
intervention

1 (December, 
2006)

4 60.25 
(45‑76)

Male: 1
Female: 3

HTN‑1 ECCE + PCIOL 
‑ 4 (100%)

1 3 None

2 
(September, 
2011)

2 61.5 
(55‑68)

Male: 1
Female: 1

None Phaco + PCIOL 
‑ 2 (100%)

1 1 None

3 (October, 
2011)

4 59.5 
(50‑70)

Male: 2
Female: 2

None ECCE + PCIOL 
‑ 4 (100%)

1 7 None

4 (March, 
2012)

9 58.4 
(30‑75)

Male: 3
Female: 6

DM‑4
HTN‑1

SICS + PCIOL 
‑ 9 (100%)

1 7 patients 
presented of day 3
2 patient presented 

on day 4

IOAB: 5

5 (December, 
2012)

13 61.5 
(50‑75)

Male: 6
Female: 7

None ECCE + PCIOL 
‑12 (92.3%)
Phaco + PCIOL 
‑ 1 (7.7%)

1 5 None

6 (March, 
2018)

30 64.9 
(50‑75)

Male: 12
Female: 18

DM‑1
HTN‑2

SICS + PCIOL 
‑ 30 (100%)

1 5 IOAB: 17
PPV + 
IOAB: 7

DM: Diabetes mellitus; HTN: Hypertension; ECCE: Extracapsular cataract extraction; Phaco: Phacoemulsification; SICS: Small incision cataract surgery; 
PCIOL: Posterior chamber intraocular lens; IOAB: Intraocular antibiotics; PPV: Pars plana vitrectomy
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Figure 3: (a and b) (a) Blood agar plate showing confluent, moist, 
greyish colonies of Pseudomonas aeruginosa. (b) Nonnutrient agar 
plate with various antibiotic discs (Kirby‑Bauer disk diffusion method) 
demonstrating antibiotic susceptibility of piperacillin (red arrow), 
ceftriaxone (blue arrow), and ceftazidime (green arrow)

ba

Figure 1: (a‑d) Slit‑lamp images of various patients from cluster 6 at 
presentation showing (a) total corneal infiltrates; (b) wound gaping, 
wound infiltrates, and uveal tissue prolapse with corneal infiltrates; (c) 
partially extruded optic and haptic of posterior chamber intraocular lens 
with total corneal melt and uveal tissue prolapse; (d) superior corneal 
infiltrates and half chamber hypopyon

dc

ba

Figure 2: (a and b) Anterior segment image of a patient of cluster 6 
(a) at presentation showing corneal edema, Descemet’s membrane 
folds, fibrinous reaction, and hypopyon in anterior chamber (b) at 
3 months following pars plana vitrectomy and intraocular antibiotics 
showing clear cornea, quiet anterior chamber, and PCIOL in place

ba

antibiotic	 susceptibility	 results,	 and	 instituting	 treatment	
with	appropriate	antibiotics,	the	outcome	in	a	majority	of	the	
patients	was	poor.

In	our	study,	the	overall	outcome	was	poor	(85.5%).	About	
37%	of	 patients	 required	 evisceration	while	 30.6%	 of	 the	
eyes	progressed	 to	phthisis	 bulbi.	Only	 14.5%	of	 eyes	had	
BCVA	better	 than	20/200.	 In	 some	clusters	 like	 cluster	5,	 12	
of	13	eyes	required	evisceration	due	to	the	severity	of	clinical	
presentation.	Other	studies	have	reported	similar	or	slightly	
higher	rates	of	evisceration	when	cluster	endophthalmitis	was	
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caused	by	PA.[3,18‑20] In a majority of eyes that were spared of 
evisceration/enucleation,	the	visual	acuity	remained	<20/200.	
This	 is	primarily	due	 to	virulence	of	 the	bacteria,	which	 is	
multifactorial.[21,22]	PA	produce	 several	 toxins	 and	proteases	
causing	 rapid	 host	 cell	 destruction,	 thereby	 secondarily	
increasing	 the	 invasiveness	 of	 the	 organism.	 They	 also	
possess	 glycocalyx	 that	 protect	 the	 PA against	 antibiotic	
penetration.	 Lastly,	 they	 produce	 beta‑lactamase,	which	
renders	many	commonly	used	antibiotics	ineffective	against	
the	 organism.[21‑23]	Outbreaks	 of	 PA	 endophthalmitis	 have	
been	 linked	 to	 contaminated	ophthalmic	 solutions	 such	as	
trypan	blue,	lens	solution,	and	phacoemulsifier	internal	fluid	
reflecting	its	tendency	to	survive	over	a	long	period	in	aqueous	
environments.[6‑12]

The	selection	of	antibiotics	to	treat	PA	infection	is	challenging	
for	 the	 treating	 ophthalmologist	 due	 to	 the	 increasing	
antibiotic‑resistant	 isolates.	 In	one	of	 the	 earliest	published	
reports,	 all	 the	 isolates	 of	PA	 from	contact	 lens	 associated	
corneal	 ulcers	were	 resistant	 to	 ampicillin,	 cefamandole,	
cephalothin,	neomycin,	and	tetracycline	and	were	susceptible	
only	to	tobramycin.[23]	There	were	a	number	of	isolates	resistant	
to	 gentamicin,	 amikacin,	 and	 triple	 sulfa.	 In	 the	 90s,	 there	
were	 reports	of	 resistance	 to	fluoroquinolones,	particularly	
ciprofloxacin	 that	had	replaced	aminoglycosides	as	first‑line	
treatment	against	PA	 infections.[24‑26] Due to its overuse, the 
percentage	of	PA	isolates	showing	resistance	to	ciprofloxacin	
have	increased	from	less	than	1%	in	1991‑94	to	4%	in	1995‑98	and	
to	29%	in	2002‑03.[19,25,26]	In	the	last	decade,	multidrug‑resistant	
isolates	 were	 commonly	 reported	 in	 ocular	 infections	
including	 the	 newer	 class	 of	 antibiotics	 like	 piperacillin/
tazobactam.[27,28]	 In	our	 study,	 the	highest	 rate	of	 resistance	
was	noted	with	aminoglycosides	and	fluoroquinolones	drugs.	
Pseudomonas	aeruginosa	isolated	from	cluster	1	were	sensitive	
to	fluoroquinolones;	remaining	clusters	were	resistant	to	this	
class	of	drugs.	This	highlights	the	growing	pattern	of	resistance	
to	 fluoroquinolones	 in	 our	 region.	A	 varying	 degree	 of	
susceptibility	with	cephalosporins	has	been	documented.	While	
PA	isolates	from	the	initial	5	clusters	were	resistant	to	ceftriaxone	
and	ceftazidime,	 isolates	 from	 the	most	 recent	 cluster	were	
sensitive	to	them.	Endophthalmitis	vitrectomy	study	reported	
11%	gram‑negative	bacteria	resistant	to	ceftazidime.[29] While 
a	 study	 from	USA	reported	100%	sensitivity	 to	 ceftazidime,	
Indian	studies	report	resistance	as	high	as	63%.[13,27,30‑32]

Considering	all	6	clusters,	we	found	the	lowest	resistance	
rate	with	colistin	 (8.3%)	and	 imipenem	(36.1%).	Piperacillin	
was	tested	in	only	2	clusters,	where	31.8%	tested	isolates	were	
resistant	to	it.	Similar	to	our	observation,	various	studies	still	
report	colistin	and	carbapenems	as	the	most	effective	drugs	
against	PA	with	 the	 least	 resistance	 rate.[13,27,32,33] Imipenem 
is	 a	 beta‑lactam	 antibiotic	 belonging	 to	 the	 subgroup	 of	
carbapenems.[34]	 It	has	a	broad	 spectrum	of	 activity	against	
aerobic	and	anaerobic	gram‑positive	as	well	as	gram‑negative	
bacteria.	When	 administered	 intravitreally	 during	 the	
early	 course	 of	 endophthalmitis,	 it	may	 limit	 intraocular	
inflammation	and	retinal	tissue	damage.	The	current	standard	
empirical	 intravitreal	 antibiotics	used	 for	 the	 treatment	 of	
endophthalmitis	 include	vancomycin	 (1	mg/0.1	ml)	 for	 the	
gram‑positive	organism	and	ceftazidime	(2.25	mg/0.1	ml)	or	
amikacin	 (0.4	mg/0.1	ml)	 for	 the	 gram‑negative	 organism.	
As	mentioned	earlier,	ceftazidime	resistance	 is	an	emerging	
problem	 in	 the	management	 of	 gram‑negative	 bacterial	
endophthalmitis.[13,32]	 In	 the	present	 study,	we	 found	 70%	
and	67.5%	PA	isolates	resistant	to	ceftazidime	and	amikacin,	
respectively.	In	our	study,	the	time	interval	between	cataract	
surgery	 and	 the	 onset	 of	 symptoms	was	 very	 short.	At	
presentation,	 in	most	 of	 the	 clusters,	 the	 infection	was	 so	
fulminant	that	vitreous	surgery	could	be	performed	in	only	
a	few	cases.	In	these	eyes,	vitrectomy	was	not	possible	as	the	
presence	of	corneal	infiltrates	impeded	proper	visualization.	
The	 time	duration	 from	 sample	 collection	 to	 the	 antibiotic	
susceptibility	report	at	the	very	least	is	72	hours.	Hence,	while	
we	wait	for	the	antibiotic	susceptibility	report,	managing	cluster	
endophthalmitis	(MDR‑PA	being	the	most	common	etiology)	
using	 ceftazidime	 or	 amikacin	 as	 intravitreal	 antibiotics	
empirically	 could	 be	 detrimental,	 considering	 the	 rapid	
progression	of	infection.	Therefore,	when	faced	with	cluster	
endophthalmitis,	we	propose	that	ceftazidime	can	be	replaced	
with	either	piperacillin	or	imipenem	as	the	first	drug	of	choice	
for	empirical	intravitreal	injection	for	gram‑negative	coverage.

Dave et al.	 reported	presenting	vision	of	<20/200	and	the	
presence	of	corneal	 infiltrates	as	poor	prognostic	 factors	 for	
ceftazidime	resistant	gram‑negative	endophthalmitis.[32]	Factors	
responsible	for	poor	anatomical	and	functional	outcomes	in	our	
study	were	a	time	interval	between	onset	and	presentation	of	
more	than	3	days,	presenting	visual	acuity	of	hand	movements	
or	worse,	 presence	 of	 corneal	 infiltrates,	 presence	 of	 “T”	

Table 4: Odds ratio of various variables on outcome by univariate analysis

Factors Favorable 
Outcome

Unfavorable 
Outcome

Odds 
ratio

95% CI for 
odds ratio

P

Age >60 years 5 25 1.400 0.338‑5.798 0.642

Male 3 22 0.705 0.159‑3.125 0.644

Presence of Diabetes 1 4 1.531 0.151‑15.508 0.717

Time interval between onset and presentation of >3 days 4 45 0.142 0.031‑0.647 0.006

Presenting Visual acuity less than hand movements 3 49 0.041 0.007‑0.228 <0.0001

Presence of corneal infiltrates 1 39 0.045 0.005‑0.392 <0.0001

Cataract wound gaping 3 17 1.059 0.236‑4.751 0.941

Presence of “T” sign on Ocular ultrasonography 0 22 1.710 1.363‑2.145 0.016

Presence of choroidal thickness 2 44 0.058 0.010‑0.329 <0.0001

Pars plana vitrectomy 9 20 1.450 1.136‑1.851 <0.001
Previous Intervention 5 24 1.510 0.364‑6.259 0.568
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sign,	 and	 choroidal	 thickness	more	 than	1.5	mm	on	ocular	
ultrasonography	at	presentation.	We	could	not	 identify	any	
single	independent	risk	factor	on	multivariate	analysis.	As	it	
has	been	reported	by	many	studies,	Pseudomonas	aeruginosa	
infection	itself	is	an	important	factor	for	poor	outcome.[3,19,20] 
Due to delayed referral and the virulent nature of the organism, 
presenting	visual	acuity	of	hand	movements	or	less	was	noted	
in	95.1%	of	the	eyes,	involvement	of	the	cornea	was	present	in	
64.5%	of	the	eyes,	and	choroidal	thickness	of	more	than	1.5	mm	
in	74.2%	of	the	eyes.

The	magnitude	of	 cataract‑related	blindness	 is	 expected	
to	 increase	 by	millions	 in	 India.[35] To address this issue, 
high	volume	cataract	surgical	camps	are	regularly	held.	The	
occurrence	of	cluster	endophthalmitis	with	multidrug‑resistant	
microorganisms	may	cause	a	serious	setback	to	this	program	
from	the	adverse	outcome	of	such	infections	and	the	negative	
publicity	that	such	incidents	generate.	Various	published	reports	
of	 cluster	 endophthalmitis	had	 identified	phaco‑probe	and	
internal	 tubings	of	phaco‑machine,	 solutions	of	hydrophilic	
acrylic	intraocular	lenses,	trypan	blue,	reconstituted	cefuroxime,	
water	 for	 scrubbing,	 contaminated	OT	 trolleys,	 and	 local	
anesthetic	drops	as	the	source	of	infection.[6‑12] Therefore, the 
operating team in India should follow stringent guidelines 
related	to	patient	selection	and	pre,	 intra,	and	postoperative	
sterilization	protocols	laid	down	by	the	National	Program	for	
Control	of	Blindness	and	Visual	Impairment,	India,	the	nodal	
governmental	department.[36] We would suggest that when high 
volume	surgeries	are	planned,	it	is	important	not	to	compromise	
on	the	quality	of	consumables	and	procure	only	certified	drugs	
and	intraocular	lenses.	Second,	if	any	surgeon	encounters	such	
an event of endophthalmitis, rather than administering an 
intravitreal	antibiotic	injection	and	keeping	the	patient	under	
observation,	urgent	 referral	 to	 an	 experienced	vitreoretinal	
surgeon	should	be	done.	In	the	present	study,	we	observed	a	
delayed	referral	to	our	hospital	in	most	of	the	clusters.

Our	study	has	some	limitations	inherent	to	the	study	design.	
Most	of	the	patients	had	short	follow‑up	duration.	We	were	not	
part	of	any	investigation	process	for	the	source	and	mode	of	
infection.	The	information	collected	from	such	investigations	
would	 have	 helped	 in	 preventing	 future	 outbreaks.	We	
used	only	the	disc	diffusion	method	for	assessing	antibiotic	
susceptibility	and	thus	were	unable	to	ascertain	the	minimum	
inhibitory	concentration	values	of	various	antibiotics.	Lastly,	
it	was	not	 possible	 to	 follow	 a	 strict	 protocol	 for	 surgical	
intervention due to the varying severity of presentation in 
different	clusters.

Conclusion
In	conclusion,	cluster	endophthalmitis	by	multidrug‑resistant	
Pseudomonas	 aeruginosa	 (MDR‑PA)	has	 very	poor	 visual	
and	anatomical	 outcomes.	The	 choice	of	 antibiotic	 therapy	
for	 cluster	 presentation	 needs	 to	 be	 reviewed.	 Given	
increasing	resistance	to	aminoglycosides	and	cephalosporins	
by	gram‑negative	bacteria,	an	alternative	class	of	drugs	like	
piperacillin,	colistin,	and	carbapenems	may	be	considered.
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