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INTRODUCTION 

Fluoroquinolones (FQs) are commonly used antibiotics 

both in inpatient and outpatient settings. Their 

therapeutic use ranges from the common respiratory, 

urinary tract and gastrointestinal infections to 

management of drug resistant tuberculosis and febrile 

neutropenia in immunocompromised patients.[1] 

Significant features of this group of antibiotics include 

their wide antibacterial spectrum, less frequent dosing 
interval and relatively better patient tolerability. A study 

of antibiotic use in the public and private healthcare 

facilities and private retail pharmacies in New Delhi, 

India showed that the betalactam antibiotics and 

fluoroquinolones were the most commonly prescribed 

antibiotics. Ofloxacin, ciprofloxacin, levofloxacin, and 

norfloxacin were the most commonly prescribed 

fluoroquinolones.[2] A similar study of antibiotic use in 

acute diarrhea showed inappropriate use of 

fluoroquinolones, including in children.[3] The high 

consumption rates of FQs coupled with the problem of 
potentially inappropriate prescriptions can result in 

increased incidence of adverse effects and antimicrobial 

drug resistance besides the economic implications 

involved. 

 

Of particular importance is the central nervous system 

(CNS) adverse effect of FQs which seems to be under 

recognized.[4] With increasing use of fluoroquinolones, 

there have been numerous reports of CNS adverse effects 

differing with individual fluoroquinolones. CNS-related 

adverse events have been reported to be higher in 

association with quinolone use than with the use of other 

systemic antimicrobials.[5] Also important is the fact that 

the CNS adverse events are avoidable to a large extent 
by knowing the predisposing drug and patient 

characteristics. The impact of adequate prescriber 

awareness and the consequent patient education 

regarding these factors can be enormous considering the 

widespread use of these antibiotics. 

 

Hence the aim of the present article is to review the 

literature on the mechanism(s) of neurotoxicity and 

clinical aspects of central nervous system adverse effects 

of FQs. 
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ABSTRACT 

With increasing use of fluoroquinolones, there have been numerous reports of central nervous system adverse 

effects differing with individual fluoroquinolones. Structure toxicity relationship shows that the C-7 substituent on 

the quinolone nucleus plays an important role in the central nervous system effects of these compounds by 

inhibiting the interaction of gamma amino butyric acid with the receptors. Study done in healthy human volunteers 

has demonstrated the reversal of increased central nervous system activity induced by ofloxacin with midazolam. 

Risk factors for the neurotoxicity include elderly age, presence of central nervous system disorder, impaired renal 

function and drug-drug interactions. While the central effects are more common with ciprofloxacin and ofloxacin, 

these have also been reported with levofloxacin which has a better structure toxicity profile. Knowledge of these 

reversible and potentially avoidable adverse effects of fluoroquinolones can prevent misdiagnosis, unnecessary 
investigation and improper medication. A robust pharmacovigilance mechanism is essential for determining and 

monitoring the CNS adverse effects of existing and newer fluoroquinolones. 
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Fig. (1). Evolution of commonly used fluoroquinolones. 

 

Can sometimes be drawn from studies of their eukaryotic 
counterpart. Differences between the two bacterial 

enzymes may reflect different chromosomal functions or 

locations; therefore, quinolone-containing complexes 

with one target may be more cytotoxic than with another. 

Such information potentially contributes to a rationale 

for choosing one compound over another for treatment of 

a particular pathogen, since differences in target 

preference could affect potency. 

A central feature of fluoroquinolone resistance is that it 
develops in a step-wise fashion. Lowered susceptibility 

has been associated with changes in proteins that reduce 

the intracellular drug concentration, in proteins that 

protect the target enzymes from attack, and in the 

topoisomerases themselves. These changes probably 

arise spontaneously in members of large bacterial 

populations; the mutants are then selectively enriched by 

suboptimal quinolone treatment. Slowing or reversing 
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this process may require strategic changes in how 

fluoroquinolones are administered. 

 

List of FDA-Approved Fluoroquinolones for Systemic 

Use 

Brand Name Active Ingredient 

Avelox moxifloxacin+ 

Baxdela delafloxacin 

Cipro ciprofloxacin+ 

Cipro extended-release± 
ciprofloxacin 

extended-release 

Factive gemifloxacin+ 

Levaquin levofloxacin+ 

Ofloxacin (Generic 

brand)± 
ofloxacin 

 

FLUOROQUINOLONE RESISTANCE 
Fluoroquinolone resistance is characterized by the 

gradual accumulation of mutations that lower 

intracellular drug concentration and/or sensitivity of the 

target DNA topoisomerases. With two exceptions[137, 

138], the mutations reported to date have been 

chromosomal. The gradual accumulation of resistance 

causes surveillance studies to underestimate the 
development of resistance, since strains can contain 

resistance mutations and still be considered clinically 

susceptible. The underestimation problem may be 

compounded by the observation that some of the low-

level resistance mutations are associated with an 

increased propensity for attaining additional resistance 

determinants. Thus resistance can appear to arise 

suddenly even though it is intrinsically a gradual process. 

One consequence is that surveillance studies can give a 

false sense of security. Examples in which the prevalence 

of resistance is already high are listed in Table (2). 
 

Understanding resistance requires identification of the 

sources of resistance. One is likely to be the clinical use 

of the compounds [139], since use correlates with 

resistance for other antibacterial agents [140]. During the 

1990s fluoroquinolone usage increased, and for that 

reason alone we would expect the prevalence of 

resistance to have increased (in the United States 

fluoroquinolone prescriptions increased about 9% per 

year between 1990 and 1998; in 1998 they reached 

almost 13 million [141], and by 2001 they reached 30 

million annually (G. Tillotson, personal 
communication)). Another source is likely to involve 

agricultural use [142], since agricultural resistance can 

develop quickly. For example, within 2 years after the 

introduction of enrofloxacin in Denmark, ciprofloxacin 

resistance was found in E. coli isolated from cattle and in 

Staphylococcus hyicus obtained from pigs [143]. By 

1998 30% of the S. aureus isolates obtained from poultry 

in Denmark were ciprofloxacin-resistant [144]. Increased 

and Campylobacter [146] is also blamed on agricultural 

prevalence of resistance among isolates of Salmonella 

[145] usage of fluoroquinolones.  

 

Table 2. Quinolone Resistance Among Selected Bacterial Pathogens. 

Pathogen Antibacterial Geographic Percent Reference
 

species agent location nonsusceptible
a  

Campylobacter species 
    

 
Fluoroquinolone Denmark 20 (1999) [146]b 

  
Italy 35 (1998) [146]b 

  
Spain 70 (1998) [146]b 

  
Thailand 83 (1995) [146]b 

  
United States 20 (1995) [146]b 

Escherichia coli 
    

 
Fluoroquinolone Beijing 50-60 (1997-8) [210] 

  
Greece 4-13 (1997) [267] 

  
Hong Kong 16 (1997) [268]b 

  
Korea 24 (1997) [269] 

  
Venezuela 21 (1997-8) [270] 

Hemophilus influenzae 
    

 
Ciprofloxacin Spain 2 (1996-97) [271] 

Klebsiella pneumoniae 
    

 
Ciprofloxacin Croatia 25 (1990-5) [272] 

  
Venezuela 16 (1998-99) [273] 

Mycobacterium 

tuberculosis 
Ofloxacin Spain 6 (1998?) [260] 

  
Philippines 27 (1995-00) [261] 

Neisseria gonorrhoeae 
    

 
Ciprofloxacin India 6 (1999) [215]b 
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Japan 62 (1993-7) [212] 

Pseudomonas aeruginosa 
    

 
Ciprofloxacin Croatia 66 (1990-5) [272] 

  
Europe 23 (1997) [274] 

  
Latin America 26 (1997) [275] 

  
Taiwan 13 (1998) [276] 

  
United States 12 (1997) [275] 

Shigella species 
    

 
Nalidixic acid Bangladesh 60 (1990) [277]b 

Staphylococcus aureus 
    

 
Ciprofloxacin Brazil 98 (2000) [278] 

  
Europe 96 (1997-98) [279] 

  
Global >70 (1997-98) [280] 

  
United States 73 (2000) [281] 

Streptococcus 

pneumoniae     

 
Levofloxacin Hong Kong 13 (2000) [240] 

Vibrio cholerae 
    

 
Nalidixic acid India 98 (1994) [282]b 

 
Ciprofloxacin India 39 (1999) [282]b 

aThe data are listed without distinction among types of patients, types of tissues infected, or local origin (nosocomial or 

community-acquired). Numbers in parentheses indicate year of determination. bIndicates time course reported. 

 

The source of resistance can also be considered from a 

molecular perspective. Errors in DNA replication and 

repair cause mutants to be present in bacterial 

populations containing more than 107 cells; 

consequently, fluoroquinolone treatment need only 
enrich the mutant subpopulation for resistance to 

develop. Error rate is increased by faulty replication 

proteins called mutators (for example, in E. coli the Pol 

III mutator dnaQ-49 creates a deficiency in the 

proofreading activity of DNA polymerase). Mutators 

occur among a variety of bacterial species [147-150], 

generally arising spontaneously under weak selection 

[151]. 

 

The quinolones are themselves mutagenic. One 

suggestion is that they induce mutations through the 
generation of free radicals, since the mutagenic effect of 

norfloxacin, nalidixic acid, and pipemidic acid is blocked 

by β-carotine [152], a scavenger of free radicals. Another 

is that the ternary complexes are misrepaired. To address 

this idea, quinolone mutagenicity has been examined by 

the Ames test [153-155]. In one study [154] the vast 

majority of mutations created were deletions, which 

would be consistent with misrepair of quinolone-

topoisomerase-DNA complexes. When the test was set 

up to reveal reversions, excision repair and error-prone 

repair appeared to be involved [154]. These data are 

consistent with the hypothesis that induction of the SOS 
response is mutagenic [153, 156]. However, blocking 

this response by a recA mutation of M. smegmatis or by a 

lexA (Ind-) mutation of E. coli has little effect on the 

frequency at which resistant mutants are recovered (J. 

Zhou and X. Zhao, unpublished observations). Thus it is 

not clear what fraction of mutants are drug-induced. For 

the purpose of the present discussion we assume that 

resistance develops largely from replication errors 

arising prior to drug treatment plus the subsequent 
dissemination of resistant strains. 

 

Long-Term Adverse Reactions Caused by 

Fluoroquinolones 

Fluoroquinolones (FQ) belong to the group of 

broadspectrum antibiotics, effective for both gram-

negative and gram-positive bacteria. The most frequently 

prescribed drugs are ciprofloxacin (CIP), norfloxacin 

(NOR), and levofloxacin (LEV). FQs employ their 

antibacterial effect by preventing bacterial DNA from 

unwinding and duplicating which takes place by 
inhibition of bacterial topoisomerase and gyrase. For the 

last three decades, FQs played an important role in 

treatment of serious bacterial infections, especially 

hospital acquired infections. However, due to the 

possibility of serious side effects, these drugs are not 

currently first-line medicines and their use becomes more 

restrictive and limited. FQs should be reserved for those 

who do not have alternative treatment options. 

 

In 2016, the US Food and Drug Administration (FDA) 

updated warnings, using next “black box” for oral and 

injectable FQs. The authors showed that FQs, when used 
systemically, are associated with disabling and 

potentially permanent serious side effects. These side 

effects can involve the disruption of tendons, joints, 

muscles, nerves, nervous system disturbances, and even 
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induction of type 2 diabetes. Due to the increasing 

number of reports about FQ toxicity and long-term 

complications, FDA has introduced significant 

restrictions on their use in recent years, particularly in 

children and in people aged 65 years. 

 
1.1. Tendon Rupture. FQs are associated with a 

significant risk of tendonitis and tendon rupture. 

Stephenson et al.[1] showed in their review the incidence 

of tendon injury among those taking FQs to be between 

0.08 and 0.2%. In 2014, Lewis and Cook[2] proved that 

FQ-related tendinopathy is a complication of treatment 

with this family of antibiotics and it is usually linked 

with 1 or more synergistic factors: male sex, age, renal 

disease, rheumatic disease, coprescription of 

corticosteroid, and physical activity. For this reason, 

some sport medicine specialists have advised avoidance 

of FQs for athletes. Some authors, for example,[3, 4] 
proved that chronic renal disease, concomitant use of 

corticosteroids, and age >60 years are known risk factors 

for FQ induced tendinopathies. Concluding, FQs are 

associated with an increased risk of tendinitis and tendon 

rupture. This risk is further increased in those over age 

60, in kidney, heart, and lung transplant recipients, and 

with use of concomitant steroid therapy. 

 

1.2. Nervous System Disturbances. Taking FQs is 

associated with their neurotoxicity as well.[5–8] The main 

symptoms being correlated to FQ treatment include 
insomnia, restlessness, and, rarely, seizure, convulsions, 

and psychosis.[9–11] Many reports point to chronic 

persistent peripheral neuropathy to be generated by 

FQs.[12–18] Cohen[19] showed that a possible association 

between FQ and severe, long-term adverse effects 

involving the peripheral nervous system as well as other 

organ systems is observed. 

 

1.3. Cardiotoxicity. Stahlmann and Riecke[20] showed 

that FQs prolong the heart’s QT interval by blocking 

voltagegated potassium channels. In some cases, this can 

be a life-threatening condition because prolongation of 
the QT interval can lead to torsades de pointes, a life-

threatening arrhythmia. Statistically, significant risk 

factors for clinically significant changes in QTs were 

hypokalemia and a left ventricular ejection 

fraction<55%. 

 

1.4. Hepatotoxicity and Nephrotoxicity. The other 

adverse reactions generated by FQs include 

hepatotoxicity[21] and nephrotoxicity[22] Golomb et al.[23] 

reported a caseseries study and showed the potential 

occurrence of serious, persistent, and delayed 
multisymptom serious side effects apparently triggered 

by FQ use causing severe functional compromise and 

disability in previously vigorous, healthy individuals. In 

this study, Golomb et al. described patients who 

developed new-onset symptoms during and following 

FQ use. Domains of serious and persistent sequels 

included the better-recognized tendon and muscle issues 

but extended to the well-reported but still often 

unappreciated potential for cognitive, psychiatric, 

peripheral nervous, and gastrointestinal issues as well as 

endocrine issues. 

 

1.5. Diabetes Mellitus. Telfer[24] conducted interesting 

study about FQ intake and development of type 2 
diabetes mellitus (T2DM). They hypothesized that FQs 

induce an intracellular Mg2+ deficit that can lead to 

insulin resistance. Their data suggests that FQ exposure 

predisposes an individual to develop diabetes. He also 

showed a strong correlation between the increase in FQ 

application in the US in years 1990–2012 and the 

increase in T2DM incidences in subsequent years which 

suggests a large part of T2DM to be maybe generated by 

FQ exposure. 

 

1.6. FQ-Associated Disability. In 2016, Kaur et al.[8] 

conducted basic science and clinical investigations of a 
newly identified adverse drug reaction, termed FQ-

associated disability (FQAD). They proved that severe 

toxicities that develop when cancer patients receive 

supportive care drugs such as FQs are important, yet 

difficult to understand, detect, and to communicate to 

clinicians. Their findings supported recommendations of 

the FDA’s advisory committee. Revision of FQ-product 

labels should be considered to include prominent 

descriptions of a newly identified FQ-associated long-

term toxicity. 

 
Concluding, patients with impairments of the CNS (e.g., 

epilepsy or arteriosclerosis), prolongation of the QT, 

elderly persons, and individuals with concurrent use of 

glucocorticoids or chronic renal diseases should not be 

treated with FQs. FQs are contraindicated in children 

because they cause destruction of the immature joint 

cartilage in animals. The use in pediatrics is restricted to 

life-threatening infections. 

 

Mechanistically, fluoroquinolone resistance arises from 

changes in cell permeability, drug efflux, target-

protecting proteins, and target enzymes. So far there is 
little evidence that bacteria contain enzymes that degrade 

the compounds (such enzymes have been observed in 

fungal systems [157]). In general, target enzyme 

mutations reduce susceptibility more than the other 

mutation types, although the additive effects of non-

target alleles can produce high-level resistance [158]. 

 

Therapeutic Conclusions 

The treatment of the FQAD, especially that lasting for 

many years, is a very difficult therapeutic problem. The 

effectiveness of different therapies carried out on patients 
is rather low. A large number of patients suffers from 

chronic tiredness, tendinopathies, neuropathies, and lack 

of sleep, even more than 12h/24 h. Understanding all the 

molecular mechanisms of the FQ activity in the cell is 

the urgent aim for the current science to find methods 

helping these people. 
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The main question that arises here concerns the reasons 

of chronicity of FQAD symptoms which last for many 

years, sometimes, even after a standard 5-day FQ 

treatment. 3 reasons can be taken into consideration. 

(a) Long-lasting OS destroys the mitochondrial DNA 

and the newly synthesized proteins creating 
cytochrome complexes are disturbed in their 

structure leading to permanent electron leakage and 

OS. 

(b) The complexes of FQ with proteins and cations areso 

stabile that they exist in the cells by many years 

disturbing energy production and epigenetics. 

(c) Epigenetic changes in gene regulation become 

persistent many years of FQ application even in the 

case of lack of FQ in the cell. 

 

The answer, which of these three possible reasons 

contribute to the chronicity of FQAD symptoms, is of 
high importance with respect to the problem of effective 

treatment of this state. The research answering these 

questions must be performed as fast as possible. 

 

In the case of mtDNA destroying, the treatment is 

difficult and it must focus on the stimulation of 

mitochondrial replication. The more destroyed 

mitochondria must be removed and the less destroyed 

must replicate in order to substitute for the removed ones 

and to reduce the total LEC. After many replications, the 

most healthy mitochondria would dominate the cell. The 
final effect would depend on the state of the most healthy 

mitochondrium in the cell. The second possibility is to 

increase the ratio of cell exchange in the given tissue. 

The cells with more destroyed mitochondria must be 

shifted to apoptosis while more healthy cells must 

substitute them. This process, however, cannot take place 

in the central nervous system and muscles because the 

cell exchange is close to zero in these tissues. Also, the 

collagen exchange is very low causing the tendon 

regeneration to be a difficult and long-lasting problem. 

 

If new research would confirm the existence of FQs in 
the cells and mitochondria in the amounts making 

possible their permanent interactions with proteins and 

cations even after many years of FQ application, the 

research must focus on methods on how to remove FQs 

from strong protein and cation complexes. The simplest 

way seems to be the application of increased doses of 

metal cations Fe2+, Cu+, Mn2+, Zn2+, and Mg2+ which are 

natural FQ-competitors for proteinbinding sites. It should 

be pointed that bivalent metal ions enter the cell to some 

degree due to the negative membrane potential of the cell 

and, next, enter the mitochondria. 

 

 

 

 

 

 

 

Table 1: The conversion of Nernst equation cin/cout 

=exp ΔVzF/ RT  for bivalent ions as Mg
2+

, Mn
2+

, Fe
2+

, 

and Zn
2+ 

shows strong relation between the actual 

membrane potential and ability of the 

cell/mitochondrium to attract and absorb the ions 

into the cell/mitochondrium. Reduced membrane 

potential ΔV is a strong factor which hinders entering 

bivalent cations to the cell. However, the detailed 

mechanisms of individual ion transport must be 

analyzed. 

ΔV/ΔΨm 
Equilibrium cin/cout gradient  

(z =2 and T =310 K) 

−160 mV 160.000x 

−140 mV 36.000x 

−110 mV 3.800x 

−90 mV 850x 

−70 mV 190x 

−50 mV 42x 

−30 mV 9x 

 

Mechanisms of fluoroquinolone induced neurotoxicity 

Structure toxicity relationship shows that the C-7 
substituent on the quinolone nucleus, particularly 

pyrrolidine or piperazine, plays an important role in the 

CNS effects of these compounds.[6] The CNS excitatory 

action of quinolones is based on the inhibition BDZ-

GABAA receptor complex, particularly binding of 

gamma amino butyric acid (GABA) to the receptors. 

This mechanism is also shared by the betalactam 

antibiotics.[7] Quinolones containing 7piperazine (e.g., 

ciprofloxacin, norfloxacin) and those containing 7-

pyrrolidine (e.g., tosufloxacin and clinafloxacin) have 

increased epileptogenic potential while substituted  

compounds containing 7piperazinyl– or 7-pyrollidinyl 
(e.g., levofloxacin) are associated with reduced seizure-

causing potential. Gemifloxacin, levofloxacin, and 

moxifloxacin lack the specific structure-toxicity 

relationships noted to induce seizures.[8] The nature of C-

7 substituent may also determine the interaction with 

non-steroidal antiinflammatory drugs (NSAIDs) and 

theophylline which can potentially increase the chances 

of seizures. Other receptors possibly involved in the CNS 

excitatory effects include N-methyl-D-aspartate, 

adenosine and amino acid receptors while effects on 

dopamine and opioid receptors has also been 
suggested.[9] A study done in healthy human volunteers 

confirmed the CNS stimulant action of ofloxacin as 

evidenced by the electroencephalographic changes.[10] 

After administration of flumazenil following ofloxacin 

the effects were even pronounced indicating an increased 

CNS activity. The ofloxacin induced increased CNS 

activity was completely reversed following 

administration of midazolam. Hence administration of 

benzodiazepine (BZD)-agonists might be useful in the 

treatment of fluoroquinolone induced neurotoxic events. 

 

While the effect on the GABA receptor is well 
established it is likely that it is coupled with other 

mechanism(s) that increase the penetration of FQs into 
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the CNS to produce the toxicity. The lipophilicity of FQs 

depends on the individual compound. However, CNS 

penetration of FQs does not always correlate with the 

potential for epileptogenicity. In contrast to 

ciprofloxacin, ofloxacin has an increased CNS 

permeability of 50% of the serum concentration, though 
less cases of neurotoxicity have been reported for 

ofloxacin than for ciprofloxacin.[4, 11] Ofloxacin has a 

serum/plasma ratio of 47-87%. However, at therapeutic 

doses the serum concentration achieved is insufficient to 

produce adequate CSF levels necessary to produce 

adverse effects.[10] Abnormal state of blood brain barrier 

can increase the CNS penetration. Also, uneven 

distribution of the drug can result in higher concentration 

in specific areas of the brain.[10] Impaired renal function 

is associated with increase in elimination half-life and 

area under the curve, and a decrease in renal and total 

clearance.[12] Accumulation of FQs may occur 
particularly in the elderly.[10] 

 

Clinical aspects of fluoroquinolone induced 

neurotoxicity. 

 

CNS disturbances are second most commonly reported 

adverse events with FQs.[13] The overall incidence of 

these reports varies from 1% to 3.3%.[4, 8, 10] The most 

commonly reported symptoms include headache, 

dizziness and drowsiness. These usually occur on the 

first day of and resolve after discontinuation of the drug 
therapy. Other, less commonly reported, CNS events 

have included agitation, delirium, confusion/ 

encephalopathy, acute organic psychosis, seizures and 

abnormal vision.[4, 8] Seizures have been reported more 

frequently among individuals predisposed to epileptic 

seizures, cerebral trauma and anoxia.[8] The reported 

overall trend in incidence of drug-related CNS adverse 

events is as follows norfloxacin> ciprofloxacin> 

ofloxacin>levofloxacin.[11] 

 

Patients who have received both fluoroquinolones and 

either theophylline or certain nonsteroidal 
antiinflammatory drugs are predisposed to develop 

seizures.[8] Ciprofloxacin has been shown to decrease the 

metabolic clearance of theophylline and caffeine. It is 

advisable to use non-interacting quinolones such as 

ofloxacin or norfloxacin or to measure theophylline 

levels and reduce caffeine intake where appropriate.[14] A 

synergistic inhibitory effect of fluoroquinolones and 

several NSAIDs has been observed on the binding of the 

neurotransmitter GABA.[14] Elderly patients should be 

monitored carefully for the CNS symptoms. It is likely 

that many signs of possible adverse reactions, such as 
confusion, weakness, loss of appetite, tremor or 

depression, are often mistakenly attributed to old age and 

remain unreported.[15] Oro-facial dyskinesias have also 

been reported with ciprofloxacin and ofloxacin, in the 

absence of a metabolic abnormality and at extremes of 

age.[16, 17] A tourette-like syndrome has also been 

described with ciprofloxacin implicating a possible 

interaction with the central dopaminergic system.[18] 

While the CNS effects are more common with 

ciprofloxacin and ofloxacin, these have also been 

reported with levofloxacin which has a better structure 

toxicity profile.[4,19] 

 

SUMMARY 
The structure toxicity relationship of fluoroquinolones 

provides unique opportunity for the design and 

development of new quinolone derivatives with 

expanded antibacterial activity and better 

pharmacokinetics without the CNS effects. The reversal 

of CNS effects of FQs with the use of BZD in healthy 

volunteer study provides a therapeutic basis for their use 

in the management of FQ induced CNS adverse effects. 

The prescriber should be alert regarding the possibility of 

drug-drug interaction between FQs and other CNS active 

drugs, theophylline or NSAIDs. Other risk factors 

include elderly patients, those with CNS disorder and 
impaired renal function. Knowledge of these reversible 

as well as potentially avoidable CNS adverse effects of 

FQs can prevent misdiagnosis, unnecessary investigation 

and improper medication. Proper patient education will 

also help in avoiding unnecessary delay in reporting of 

symptoms in cases of psychiatric symptoms. Since the 

structure toxicity relationship alone is inadequate to 

predict the CNS effects of existing and newer FQs a 

robust pharmacovigilance mechanism is essential for 

determining and monitoring the CNS adverse effects. 
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