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Introduction
According to the definition of World Health 

Organization (WHO) experts, antibiotic resistance 
is the ability of a microorganism to maintain vital 
functions, including reproduction, despite exposure 
to a drug that was once effective against this mi-
croorganism [1]. Resistance is the property of the 
microorganism and not of the infected organism. 

The causes of antibiotic resistance include:
•	 overprescribing of antibiotics;
•	 patient non-adherence to antibiotic therapy;
•	 overuse of antibiotics in agriculture (ani-

mal breeding);
•	 poor infection control in hospitals and clinics;
•	 insufficient level of hygiene and sanitary beha-

vior;
•	 low availability of rapid laboratory tests confir-

ming bacterial infections.
Antibiotic resistance develops naturally, mainly 

through gene mutations [2, 3], but the contempo-
rary overuse of antibiotics increases this problem 

[4]. Targeted metagenomic analysis of ancient DNA 
from permafrost deposits in the Bering region, dat-
ing back 30,000 years, revealed a very diverse set of 
genes encoding resistance to beta-lactam, tetracy-
cline, and glycopeptide antibiotics [2]. These results 
clearly indicate that antibiotic resistance is a natural 
phenomenon that precedes the contemporary pres-
sure resulting from the use of this group of drugs.

There are four well-known mechanisms for the 
development of antimicrobial resistance:
•	 enzymatic inactivation;
•	 modification of the drug target;
•	 active elimination (or efflux) of drugs from the 

microbial cell;
•	 impaired cell membrane permeability.

The mechanism of enzymatic inactivation is 
that bacteria synthesize enzymes that inactivate be-
ta-lactam antibiotics. These enzymes include: plas-
mid penicillinases, extended-spectrum beta-lacta-
mase, metallo-beta-lactamase, and chromosomal ce-
phalosporinases [5]. Modification of the drug bind-
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ing point occurs through a conformational change 
in the large (50S) bacterial ribosome subunit. This 
is how resistance to macrolides (e.g., azithromycin) 
develops [6]. Atypical penicillin-binding proteins 
in staphylococci lead to the formation of methicil-
lin-resistant Staphylococcus aureus (MRSA) strains 
[5]. Reduction of the cell membrane permeabil-
ity [5] is the mechanism by which resistance to 
aminoglycosides in Pseudomonas aeruginosa (i.e., 
tobramycin) develops and resistance to thiazoles 
in Candida fungi. Antibiotic resistance can be pro-
duced by actively removing the drug from the cell 
(efflux). Pseudomonas aeruginosa can thus actively 
eliminate carbapenems and fluoroquinolones (cip-
rofloxacin, ofloxacin, and others) [5].

Antimicrobial resistance is a significant con-
tributor to deaths each year, with incidence ex-
pected to increase more than 10-fold by 2050 [7]. 
According to WHO experts, addressing the issue 
of antibiotic resistance is essential to improving 
treatment for patients suffering from infections 
worldwide. Coordinated action on a global scale 
is needed to reduce the development and spread 
of resistance [1]. The 2014 WHO report on an-
tibiotic resistance states: This serious threat is no 
longer a prediction for the future. It is happening 
right now in every region of the world and has the 
potential to affect anyone, of any age, in any coun-
try. Antibiotic resistance — when bacteria change, 
so antibiotics no longer work in people who need 
them to treat infections — is now a significant 
threat to public health [1]. Data published by 
the European Center for Disease Prevention and 
Control (ECDC) indicate that antibiotic-resistant 
bacteria were the causes of 671,689 infections in 
the European Union (EU) and the European Eco-
nomic Area (EEA), resulting in 33,110 deaths in 
2015 [3]. Most of these infections were acquired in 
healthcare facilities. Deaths from antibiotic-resist-
ant microbial infections occurred mostly in infants 
and those 65 years of age or older. Moreover, since 
2007 an upward trend of this phenomenon has 
been observed.

Off-label use of drugs plays a significant role in 
the development of antibiotic resistance. Both the 
patients and the doctors are to blame. Prescribing 
antibiotics at lower dosages can increase drug re-
sistance by developing more mutations to support 
bacterial growth. This applies to drugs (including 
topically administered fluoroquinolones) whose 
pharmacokinetics is dose-dependent, so therapy’s 
effectiveness depends on the drug’s concentration in 

the blood or other fluids and the minimum inhibi-
tory concentration (MIC). For example, it is known 
that sub-inhibitory concentrations caused a genetic 
mutation in bacteria such as Pseudomonas aeruginosa 
and Bacteroides fragilis [8].

Pharmacotherapy  
in cataract surgery

Antibiotic therapy
Antibiotic therapy is obligatory for preopera-

tive inflammatory conditions such as eyelid margin 
inflammation, conjunctivitis, hordeolum, chronic 
tear sac inflammation, second-eye infections, and 
chalazion [9]. However, cataract surgery is not 
considered an invasive procedure that causes tran-
sient bacteremia, and therefore general antibiotic 
prophylaxis is not necessary [4, 9]. If nevertheless, 
the surgeon is considering oral antibiotic preop-
erative prophylaxis, he or she should consult the 
patient’s GP. The effectiveness of local antibiotic 
prophylaxis in preventing endophthalmitis has not 
been confirmed in reliable scientific studies [10]. 
Some guidelines allow the use of fluoroquinolones 
before cataract surgery [11]. Drug administration 
regimens range from the first-hour post to 3 days 
prior to surgery.

Despite surgeons’ best efforts, 7–35% of cata-
ract operations involve the inoculation of bacteria 
into the anterior chamber. Despite this, the per-
centage of endophthalmites after cataract surgery 
is low because the anterior chamber has the ability 
to self-cleanse from the introduced bacteria [13]. 
There are many methods of administering antibiot-
ics perioperatively. Some surgeons add cefuroxime 
to the irrigation fluid or perform a subconjunctival 
injection after surgery, which can achieve a bac-
tericidal concentration in the anterior chamber 
for 1–2 hours. Still, neither of these methods has 
been proven effective in preventing postoperative 
endophthalmitis. Lindstrom et al. introduced the 
concept of “dropless cataract surgery” [12]. This 
technique involves a single intravitreal injection of 
fluoroquinolone in combination with a glucocor-
ticosteroid. A single-use product is available in the 
United States: a premixed, combined, injectable 
formulation containing triamcinolone (15 mg/mL) 
and moxifloxacin (1 mg/mL). The surgeon injects 
0.2 mg of the preservative-free suspension into the 
vitreous chamber. So far, the results of using this 
preparation are very promising. This method results 
in an essential change in the doctor-patient rela-
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tionship. When the surgeon administers the drug 
directly, he does not have to rely on the patient’s 
adherence. At the same time, this strategy provides 
a greater likelihood of obtaining the correct dose 
and greater certainty as to the final result of the 
treatment. This drug is not available in Poland. An 
undisputed method of endophthalmitis prevention 
is the intracameral administration of cefuroxime 
(1 mg/0.1 mL) at the end of cataract surgery. A sta-
tistically significant decrease in the incidence of 
endophthalmitis after cataract surgery was observed. 
These results were confirmed in a large, randomized 
study, on the basis of which experts from the Euro-
pean Society of Cataract and Refractive Surgeons 
(ESCRS) developed guidelines for the prevention 
and treatment of endophthalmitis after cataract sur-
gery [4]. These guidelines also recommend the use 
of antibiotic drops after this procedure. Although 
the study conducted by the ESCRS, Endophthalmi-
tis Study Group itself, did not confirm the effective-
ness of topical antibiotics after surgery, in cases of 
uncertainty about the tightness of surgical incision 
closure, their use was justified. Fluoroquinolones 
were considered to be the most preferred. It was em-
phasized that these drugs should be used intensively 
and briefly, without gradual discontinuation, which 
may contribute to the development of antibiotic 
resistance [4].

Anti-inflammatory treatment includes local ster-
oid administration for 21 days in decreasing doses 
to minimize the inflammatory reaction [9, 14]. 
Steroid drugs relieve pain, prevent fibrin formation, 
prevent the development of adhesions and reduce 
photophobia. It has been proven that steroid drop 
therapy after cataract surgery reduces the risk of 
secondary cataract development [14]. Drops with 
steroids should be discontinued gradually after pro-
longed use to prevent recurrence of the inflamma-
tory reaction and adrenal crisis (reducing the dose 
of the drug gives the adrenal glands time to return 
to standard secretion patterns) [15]. In all people at 
increased risk of developing macular cystic edema 
(i.e., with diabetes, after uveitis, after complicated 
cataract surgery, patients using prostaglandins for 
glaucoma during the perioperative period, etc.), it 
is recommended to use an additional non-steroidal 
anti-inflammatory drug (NSAID), preferably in 
combination with a steroid according to the SPC 
[16]. In patients at increased perioperative risk (e.g., 
with recurrent uveitis), systemic administration of 
corticosteroids should be considered using the ap-
proved dosing regimen [9].

The rationale for the use of fluoroquinolones
The main factors to consider when choosing the 

optimal antibiotic therapy are:
•	 etiopathogenesis of the disease and patterns 

of resistance;
•	 the clinical situation in which the disease occurs;
•	 disease severity;
•	 natural and acquired antibiotic resistance of pat-

hogens;
•	 clinical pharmacology of the antibiotic;
•	 results of clinical trials with antibiotics.

The 2013 ESCRS guidelines for the prevention 
and treatment of endophthalmitis after cataract sur-
gery [4] provide an indication that justifies the use 
of topical antibiotics perioperatively. However, their 
efficacy has not been proven in prospective scientific 
studies. This applies to cases where there is uncer-
tainty about the tightness of surgical incisions, when 
complications occur, or when the patient is exposed 
to a nosocomial infection or has symptoms of an 
upper respiratory tract infection. Fluoroquinolo-
nes are considered the drugs of choice due to their 
broad spectrum of action, ability to penetrate the 
corneal epithelium, and general availability.

Fluoroquinolones belong to quinolones, a class 
of synthetic antibiotics. Quinolones are divided into 
four generations (Tab. 1).

The bactericidal activity of quinolones is based 
on blocking bacterial enzymes (topoisomerase II, 
a DNA gyrase, and topoisomerase IV) necessary 
for the further multiplication and development of 
bacteria. Quinolones are active against both DNA 
gyrase and topoisomerase IV, but their relative activ-
ities against these enzymes differ. Hooper et al. [17] 
initially stated that the main target of quinolone 
activity was DNA gyrase, and topoisomerase IV 
seemed to be a secondary target. In contrast, later 
studies on S. aureus found that the primary target 
of quinolones in this species was topoisomerase IV, 
in contrast to earlier findings in E. coli studies. Old-
er-generation quinolones differ in their relative ac-
tivities towards DNA gyrase and topoisomerase IV 
in a bacterial cell. In gram-positive bacteria, they 
are more potent against gyrase than against topoi-
somerase IV. In Gram-negative bacteria, the effect 
on topoisomerase IV is more significant than on 
gyrase in many Gram-positive bacteria.

In contrast, newer quinolones, including fluo-
roquinolones and polyfluoroquinolones, appear to 
have more balanced activity against the two enzyme 
targets. The findings so far also highlight different 
levels of quinolone resistance depending on whether 
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the primary or secondary target is altered or both. 
Mutations in the primary target precede those in the 
secondary target in gradual selection for resistance, 
while mutations in both targets increase the level of 
resistance [17].

Polyfluoroquinolones (e.g., levofloxacin) are 
characterized by an extended spectrum of action, 
increased potency, and a prolonged half-life com-
pared to the older generation of fluoroquinolones 
(e.g., ofloxacin) [18, 19]. Table 2 shows the range of 
antibacterial activity of polyfluoroquinolone levo-
floxacin.

Polyfluoroquinolones are highly effective in the 
treatment of bacterial infections of the anterior seg-
ment of the eye. In a study involving 208 patients 

suffering from bacterial conjunctivitis, Schwab et 
al. assessed levofloxacin’s efficacy and safety pro-
file [20]. Levofloxacin has been shown to be more 
effective against H. influenzae and S. pneumonia 
than ofloxacin [20]. The degree of microbial eradi-
cation was statistically significantly higher in pa-
tients receiving levofloxacin compared with the 
control group receiving ofloxacin. In addition, 
subjective symptoms such as photophobia resolved 
much faster in levofloxacin-treated patients than in 
ofloxacin-treated patients (94% vs. 73%, p = 0.006). 
Both drugs were well tolerated [20].

Another advantage of this group of drugs is its 
pharmacokinetics. Topical levofloxacin has been 
shown to penetrate the tissues of the eye readily. 
This results from the lipophilicity and good solu-
bility of this drug [21]. Sakamoto et al. noted that 
levofloxacin is ten times more soluble than ofloxacin 
and up to 400 times more soluble than ciprofloxacin 
[22]. In addition, the above properties allow levo-
floxacin to achieve a concentration in the tear film 
that exceeds the MIC90 (minimum concentration 
of antibiotic in the culture at which 90% of the 
selected bacterial strain has no evidence of repro-
duction). For fluoroquinolones used against most 
ophthalmic pathogens, MIC90 is ≤ 2 µg/mL [23]. 

Raizman et al. [24] showed that the administra-
tion of levofloxacin is beneficial in non-adherent 
patients. The study involved healthy volunteers who 
received one drop of 0.5% levofloxacin into the 
conjunctival sac. The concentration of the drug 
in tears peaked 15 minutes after administration 
(221.06 µg/mL), then decreased after 6 hours after 

Table 1. Classification of fluoroquinolones and quinolones by generation

Quinolones 
1st generation

Fluoroquinolones 
2nd generation

Polyfluoroquinolones 
3rd generation

Naphthyridinequinolones 
4th generation****

Extended spectrum of action, increased 
potency and an extended half-life

Spectrum of action as the previous 
generation, increased activity against 
resistant Gram-positive bacteria and 

better penetration into the ocular tissues 
(conjunctiva, cornea)

Nalidixic acid Pefloxacin Grepafloxacin Moxifloxacin

Pipemidic acid* Ciprofloxacin** Levofloxacin Gemifloxacin

Cinoxacin Norfloxacin Pazufloxacin Clinafloxacin

Ofloxacin Sparfloxacin*** Trovafloxacin***

Fenoxacin Tosufloxacin Lomefloxacin

Fleroxacin Gatifloxacin

Lomefloxacin Des 6-chinolon

Temafloxacin

*also has moderate activity against Pseudomonas aeruginosa; **has the highest activity against Pseudomonas aeruginosa; *** withdrawn (due to toxicity); ****has activity also against 
penicillin-resistant Streptococcus pneumoniae, and also against anaerobes

Table 2. Spectrum of antibacterial activity of 
a polyfluoroquinolone levofloxacin

Gram-positive bacteria Gram-negative bacteria

Staphylococcus aureus* Pseudomonas aeruginosa*

Staphylococcus epidermidis* Moraxella catarrhalis

Streptococcus pneumoniae* Haemophilus influnzae*

Streptococcus pyogenes*
Enterobacteriacae family*: 

Neiseria meningitidis 
Gonorrhoeae

Mycobacterium tuberculosis*

Chlamydia

Legionella

Mycoplasma

Ureoplasma

*pathogens that are also the physiological flora of the conjunctiva and potential etiologi-
cal factors of endophthalmitis
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administration, reaching the value of 6.57 µg/mL. 
Interestingly, 24 hours after the administration of 
levofloxacin, 33% of the examined patients had 
concentrations of levofloxacin exceeding 2.0 µg/mL. 
The authors concluded that 0.5% levofloxacin 
meets and exceeds the MIC90 value and therefore 
has a prolonged effect which facilitates dosing as no 
additional overnight administration is required. 

The newest-generation fluoroquinolones (e.g., 
moxifloxacin) have the same spectrum of action as 
the previous generation but with increased activity 
against resistant gram-positive bacteria and better 
penetration into the ocular tissues (conjunctiva, cor-
nea) [25]. However, their use as first-line drugs is 
not recommended to not produce antibiotic resist-
ance [25]. 

Doctor–patient cooperation 
and patient adherence to treatment

Many studies are examining the factors that 
adversely affect patient adherence to treatment. 
Regarding ophthalmic drops, difficulties are often 
caused by the instillation of the drug into the con-
junctival sac, keeping the dropper clean, using the 
drug regularly and for a designated time — not 
longer and not shorter than required by the therapy 
[26, 27]. Problems arise when a patient has to take 
multiple medications. Patients mistake containers 
for drops or fail to buy one of the drugs, for ex-
ample, for economic reasons. This lack of coopera-
tion translates into a therapeutic effect, or rather its 
lack, and poor disease control, which is particularly 
dangerous in patients treated for glaucoma or after 
ophthalmic surgery [27, 28]. It has been proven 
that the smaller the number of drugs and the easier 
the dosing schedule, the greater patient adherence 
to treatment [29]. Satisfactory patient adherence 
cannot, however, be a priority in choosing a therapy. 
Medical considerations are of paramount impor-
tance. The ideal situation is one in which the patient 
can be offered a treatment that is consistent with the 
currently available medical knowledge, and at the 
same time, convenient to use.

New therapeutic option 
— levofloxacin/dexamethasone
The combination of levofloxacin and dexameth-

asone in one product, recently available in Poland, 
meets the needs of patients and doctors. One con-
tainer contains substances with proven effectiveness: 

the recommended antibiotic — levofloxacin and the 
steroid — dexamethasone. It is an ideal solution in 
postoperative prophylaxis of endophthalmitis, and 
when used for seven days after ophthalmic surgery, 
it prevents the development of antibiotic resistance. 

The randomized iPERME study [30] assessed 
the ability of a fixed combination of levofloxacin 
and dexamethasone vs. its single components to 
penetrate into the aqueous humor in patients un-
dergoing cataract surgery. Drugs were administered 
twice: 90 and 60 minutes prior to paracentesis. The 
study was completed by 125 patients. The con-
centration of levofloxacin in the anterior cham-
ber in the group that received the combination of 
levofloxacin and dexamethasone, compared with 
the group treated with levofloxacin alone, was not 
statistically significantly different and for both 
substances exceeded the MIC for the majority of 
gram-positive and gram-negative bacteria responsi-
ble for the development of postoperative inflamma-
tion of the eyeball. In contrast, the concentration of 
dexamethasone was slightly lower in the group that 
received the combination drug, compared to the ref-
erence group treated with dexamethasone alone, but 
within the range of pharmacodynamic activity. The 
results confirm that the fixed combination of levo-
floxacin and dexamethasone effectively penetrate 
the corneal epithelium and can achieve the desired 
pharmacological concentration after administration 
in the form of eye drops in patients undergoing 
cataract surgery [30].

Another large study evaluating the combina-
tion of levofloxacin and dexamethasone is LEADER 
7 [31]. This is a phase III, randomized, interna-
tional, multicenter, blinded trial comparing a treat-
ment regimen of levofloxacin plus dexamethasone 
for seven days vs. the commonly used combination 
of tobramycin and dexamethasone for 14 days. This 
project assessed treatment efficacy, safety, and toler-
ability, and patient adherence. The study included 
a large group of 808 patients. There was no statisti-
cally significant advantage of the combination of 
tobramycin and dexamethasone used for 14 days 
over the new fixed combination of levofloxacin with 
dexamethasone used for seven days in the control 
of anterior chamber inflammation and conjuncti-
val hyperemia after cataract surgery. There were no 
cases of endophthalmitis. This is the first study to 
describe a rational therapeutic strategy after cataract 
surgery and to demonstrate the correct use of anti-
biotics after surgery, including:
•	 short-term therapy (maximum one week);
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•	 administration of a broad-spectrum antibiotic 
— levofloxacin, active against microorganisms 
most often responsible for eye infections.
The study also re-assessed the need for steroid 

treatment after cataract surgery, showing that:
•	 short-term steroid therapy (one week) may be 

enough to control the inflammation in the ante-
rior chamber and conjunctival hyperemia;

•	 gradual withdrawal may not be necessary.
The results of the LEADER 7 study suggest that 

an ophthalmic formulation containing a combi-
nation of levofloxacin and dexamethasone could 
be a reasonable addition to the current arsenal of 
medications available to treat/prevent inflammation 
and prevent infection following cataract surgery. It 
also provides an opportunity to review the treat-
ment with topical glucocorticosteroids after oph-
thalmic surgery.

Summary
The Association of Polish Ophthalmology Sur-

geons (SCOP) has updated the guidelines for 
cataract surgery, indicating that although pro-
spective studies (including the 2007 ESCRS trial 
[4]) did not confirm the efficacy of topical an-
tibiotics in the postoperative period, in cases of 
uncertainty — whether the surgical incisions are 
tightly closed or when the patient is at risk of 
nosocomial infection — the use of antibiotics 
may be appropriate. At the same time, the SCOP 
recommends the administration of broad-spec-
trum fluoroquinolones. Drugs should be used 
intensively (in the maximum allowable dose) and 
briefly (5–7 days). In order to prevent the devel-
opment of antibiotic resistance, the antibiotic 
should not be discontinued gradually (this also 
applies to fixed combinations). In all cases, the 
SCOP recommends administering the topical 
steroid for 21 days in tapering doses to minimize 
inflammation. In addition, the SCOP considered 
a preferred therapeutic option to use a fixed com-
bination of levofloxacin and dexamethasone in 
the form of drops administered four times a day 
for seven days and then to continue only a topi-
cal glucocorticosteroid. In all people at increased 
risk of developing macular cystic edema (people 
with diabetes, patients with a history of uveitis, 
complicated cataract surgery, patients using pros-
taglandins for perioperative glaucoma, etc.), it is 
advisable to use a steroid in combination with an 
NSAID in accordance with SPC. 
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