Retinal toxicity of ceftazidime in the infusion fluid for
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SUMMARY

Background and Objective: We investigated the retinal toxicity of
ceftazidime, a third-generation cephalosporin, in the infusion fluid during
vitrectomy.

Study Design/M aterials and Methods:Twenty-two New Zealand rabbits
underwent examination, electroretinogram, and complete vitrectomy.
Infusion solutions with ceftazidime were used in the right eyes at the
following concentrations: 20 (n=2),40(n=4),80 (n=5),100 (n=2),150
(n=2),200 (n=2) and 300 pg/mL (n =5). Left eyes were infused with
balancedsaltsolution. Animals were examined daily for 2 weeks,underwent
electroretinograms 2 weeks postoperatively and, then, were sacrificed
forlightand electron microscopy.

Results:Electroretinogram findings were normal at concentrations
0f20,40,100 and 150 pg/mL. In the 80 pg/mL group, 1 of 5 animals had
significant changes. In the 200 and 300 pg/mL groups, significant
decreased in amplitude were noted. Retinas exposed to 300 pg/mL
demonstrated minimal changes in the rod outer segments of the
photoreceptor layer.

Conclusion:We found concentrations up to 150 pg/mL ceftazidime in
the infusion fluid to be nontoxic to the retina.
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INTRODUCTION

Bacterial endophthalmitis is the most dreaded complication in the period
after intraocular surgery and after penetrating injuries of the globe'-*. The
disease also may be associated with a systemic infection. As an infectious
process of the internal structures of the eye, it commonly leads to a signifi-
cant decrease in visual acuity and even to loss of the eye 3. The prognosis
is particularly poor for infections caused by gram-negative pathogens ©.

Because topical, subconjunctival, and systemic antibiotics are often
ineffective in treating endophthalmitis*, intravitreal injection of antibiotics
with or without vitrectomy can favorably alter the outcome of the disease 3.
The use of antimicrobial drugs in the infusion fluid during vitreous surgery
in the treatment or prevention of endophthalmitis has been advocated *°.
Before any procedure, vitreous and aqueous taps should be performed to
provide samples for culture and antibiotic sensitivity. Because any delay in
initiating appropriate therapy can worsen the prognosis, the practice is to
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initially treat with broad-spectrum antibiotics. The most com-
mon regimens are associated with antimicrobials that have
good activity against gram-positive and gram-negative bacte-
ria. The aminoglycosides have very good action against gram-
negative organisms and are commonly employed, but severe
retinal toxic reactions have been reported'. For this reason, we
are evaluating the toxicity of ceftazidime diluted in the infu-
sion solution. Ceftazidime is a third-generation cephalosporin
with potent bactericidal activity against gram-negative rods
which showed no toxic effects when injected intravitreously
in the concentration of 2.25 mg in 0.1 mL of balanced salt
solution '.

MATERIALS AND METHODS

Antibacterial Agent

Ceftazidime was obtained as a powder from Eli Lilly & Co.
(Indianapolis, Ind.) and was diluted in 500 mL of sterile ba-
lanced salt solution (BSS) to concentrations of 20, 40, 80, 100,
150,200 and 300 pg/mL. The solution was made fresh on the
day of use.

Animals

Twenty-two right eyes of 22 New Zealand white rabbits
weighing 2-3 kg were used in the experiment; the left eyes (n =
22) were used as controls. The rabbits were cared for accord-
ing to the Association for Research in Vision and Ophthalmo-
logy resolution on the use of animals in research. Indirect
ophthalmoscopic examination was performed on all rabbits
after dilation of pupils with tropicamide 1% (Mydriacyl 1%,
Alcon Laboratories, Inc, Fort Worth, TX), and phenylephrine
hydrochloride (Mydfrin 2.5%, Alcon) and all eyes were found
to be normal.

Electroretinography

For electroretinography (ERG), the rabbits were dark-
adapted for 30 min and then anesthetized with a mixture of
ketamine (50 mg/kg) and xylazine (5 mg/kg). Pupils were di-
lated and ERGs were recorded using gold contact lenses and
stainless steel needle electrodes positioned behind the ears
(reference) and on the forehead (ground). Scotopic conditions
involved a 10 pusec Ganzfeld flash (1 per 10 sec) of blue light
(Wratten filter N° 47) at low intensity (events 1 and 2). The
low-intensity exposure was repeated without the blue filter
(events 3 and 4). The light intensity was increased to medium
in events 5 and 6 and to high for events 7 and 8, using strobe
generator Model 1539-A (General Radio, Concord, MA).

Vitrectomy infusion solutions were prepared using cefta-
zidime in BSS in the concentrations mentioned above. Con-
centrations of 20 ug/mL were used in 2 eyes, 40 pg/mL in 4
eyes, 80 ug/mL in 5 eyes, 100 pg/mL in 2 eyes, 150 pg/mL in 2
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eyes, 200 pg/mL in 2 eyes and 300 pg/mL in S eyes. All left
eyes served as controls, receiving only BSS as infusion fluid.
We used more eyes in the concentrations of 40 pg/mL and 80
pg/mL because we thought that could be the ideal concentra-
tions to use, and 300 pg/mL to better evaluate any signs of
toxicity that could appear with this concentration.

Complete vitrectomy was performed via the pars plana. A
360° peritomy and three sclerotomies were made with a
microvitreoretinal (MVR) blade, 4 mm posterior to the limbus.
The infusion cannula was located superiorly and the other
two sclerotomies located inferiorly were used for the insertion
of the fiberoptic light pipe and the vitrectomy probe. The
procedures lasted 15-20 min and a minimum of 120 mL of
infusion solution containing the drug was used during each
operation. The infusion cannula was fixed with 5-0 Dacron
sutures and the sclerotomies were closed with 6-0 polyglactin
after the instruments were withdrawn. The conjunctiva was
also repaired with 6-0 polyglactin sutures.

The rabbits were examined daily fortwo weeks after surgery
by means of external examination and indirect ophthalmoscopy.
Two weeks after surgery, ERGs were performed in the same
manner and the rabbits were sacrificed by intravenous injection
of 1 mL sodium pentobarbital. The eyes were enucleated and
processed either for light or electron microscopy.

RESULT

All animals showed mild to moderate eyelid and conjuncti-
val edema. Three presented with discrete posterior cataracts
caused by surgical trauma (80 pg/mL and 300 pg/mL); two
presented with small and localized vitreous hemorrhage at the
time of sclerotomy closure in the inferior quadrant (80 pg/mL).
None of the complications impaired visualization of the retina,
which appeared normal by indirect ophthalmoscopy at all
concentrations used. Vitreous hemorrhage had almost cleared
by the second week.

Preoperative and postoperative ERGs were compared for
all animals. Because of normal variation in amplitude in rabbit
ERGs, variations of less than 25% of the preoperative ERG
were considered insignificant. Variations of 25% to 50% were
rated significant and more than 50% reduction in amplitude
was rated severe. No significant changes in the ERG were
found in eyes given infusion fluid containing concentrations
of 20 pg/mL and 40 pg/mL. With the use of 80 pg/mL, 1 of 5
eyes developed changes classified as significant (35% of the
preoperative ERG). In the concentration of 100 and 150 pg/mL,
there were no significant alterations in the ERG, but with 200
and 300 pg/mL, the postoperative ERG had a significant de-
crease in amplitude, especially in the first two events (sco-
topic). In the control group, the alterations of ERG were con-
sidered insignificant.

Light Microscopy

None of the treated eyes showed significant alterations in
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Fig. 1 - Light micrograph of the retina from an eye which received 300
pg/mL ceftazidime infusion fluid, demonstrating mild irregularity of the
outer segments of the photoreceptors. (Hematoxylin and eosin, X 200).

morphology of the normal retinal structures when observed
by light microscopy (Figure 1). The retinas that were exposed
to 300 pg/mL in the replacement fluid demonstrated only mini-
mal changes in the rod outer segments of the photoreceptor
layer (Figure 2).

Electron Microscopy

Electron microscopic examination revealed no differences
in the appearance of theretina and retinal pigment epithelium
between the control rabbit eyes and the eyes that received 20

pg/L

Fig. 2 - Ele
ceftazidime infusion fluid, demonstrating disorganization and break-
down of the disc membrane at the distal part of the outer segment.
(Uranyl acetate and lead citrate, X 1600).

Table 1. Retinal Toxicity of Ceftazidime in Infusion Fluid for
Vitrectomy.
Dosage and Results
Concentration Number Histology ERG
of ceftazidime of eyes
pg/mL of BSS
0 (control) 22 normal normal
20 2 normal normal
40 4 normal normal
80 5 normal reduced
amplitude
(1 of 5)
100 2 normal normal
150 2 normal normal
200 2 normal reduced
amplitude
300 5 abnormal reduced
changes amplitude

and 40 pg/mL (Figure 3). No EM pictures were taken inthe 100,
150 and 200 pg/mL group. Inthe group whichreceived 300 pg/
mL, the signs of retinal changes, confined to the distal part of
the outer segments of the photoreceptors, consisted of disor-
ganization and breakdown of the disc membrane (Figure 4). No
significant changes were seen in the inner segments of the
photoreceptor and the nuclear layers. Dosage and results
(ERG and histology) are summarized in Table 1.

DISCUSSION

In the presence of intraocular infection, the use of either
intravitreal injection of drugs or vitrectomy with antibiotics in
the infusion fluid, along with parenteral therapy is
recomended °. The most commonly employed antibiotic regi-
men for intravitreal injection is the combination of vancomy-
cin 2, which demonstrates good activity against gram-posi-
tive organisms, and an aminoglycoside (active against gram-
negative organisms) '*%; however, retinal toxicity is associa-
ted with aminoglycoside use because the minimum inhibitory
concentration (MIC) is close to the safe concentration of the
drug 10 B-15 A safer drug which provides good protection
against gram-negative organisms is needed, as infections
caused by these organisms have a poor prognosis & 1.

Ceftazidime, a third-generation cephalosporin, has potent
bacterial activity against gram-negative rods, especially
Pseudomonas aeruginosa, and some activity against gram-
positive organisms " . P. aeruginosa is one of the leading
causes of severe hospital infections '6. Although this microor-
ganism is intrinsically resistant to many antibiotics, most
strains are relatively susceptible to ureide penicillins, some
third-generation cephalosporins, imipenem, the newer quino-
lones, and amikacin. Ceftazidime is one of the most active
antibiotics to inhibit P. aeruginosa '¢'".

The minimal inhibitory concentration (MIC,) for amino-
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glycoside-sensitive P. aeruginosa of ceftazidime is 8 mg/l,
and the MIC, for strains resistant to one or more amino-
glycosides is 128 mg/l. The MIC | for Pseudomonas aeru-
ginosa isolates highly resistant to all three aminoglycosides
(MIC,,> 128 mg/1) is 32 mg/l for ceftazidime.

A 2.25 mg intravitreal dose of ceftazidime has been proven
nontoxic to the retina '°. We tested the toxicity of ceftazidime
in the infusion fluid and found that at concentrations of 20, 40,
80, 100 and 150 ug/mL, there were no signs of retinal toxicity,
either by ERG or histology. At concentrations of 200 and 300
pug/mL (300 pg/mL is the sameas45mginto 150mlof BSS), the
ERGs changed significantly and histological examination
showed small alterations in the outer segments of the photore-
ceptors '®. (Figs. 1 and 2).

We found that 150 pg/mL of ceftazidime is safe for ocular
tissue and still effective in the treatment of gram-negative
endophthalmitis. We believe that 200 pg/ml is a borderline
dosage and further studies should be done, specifically in
primates, because in previous studies on ceftazidime toxicity,
themacula was shown to be the site of the retina that was most
affected by high doses (macular cyst or hole formation).

As ceftazidime has a low level of activity against Staphylo-
coccus aureus and S. epidermidis, it should always be used in
combination with a drug that has good activity against gram-
positive bacteria for the treatment or prevention of endophthalmitis.

RESUMO

Investigamos a toxicidade retiniana de ceftazidima, uma
cefalosporina de terceira geragdo, no fluido de infusdo
durante vitrectomia. Vinte e dois coelhos Nova Zelandia
foram examinados, e submetidos a eletroretinograma e
vitrectomia. Solugées de infusdo com ceftazidima foram
usadas nos olhos direito nas seguintes concentragées: 20
(m=2),40(m =4),80 (n =5), 100 (n = 2), 150 (n = 2),
200 (n = 2) e 300 ug/mL (n = 5). Foi usada nos olhos
esquerdos, infusdo com solugdo salina balanceada (BSS).
Os animais foram examinados diariamente por 2 semanas,
eletroretinograma feito 2 semanas apos a cirurgia, e entdo,
sacrificados para realizagdo de microscopia optica e
eletrénica. Os achados de eletroretinograma foram
normais nas concentragoes de 20, 40, 100 e 150 ug/mL. No
grupo de 80 ug/mL, 1 de 5 animais teve alteragdes
significativas. Nos grupos de 200 e 300 ug/mL, diminui¢do
significante de amplitude foi observada. Retinas expostas a

300 ug/mL demonstraram somente alteragées minimas nos
segmentos externos dos bastonetes da camada de
fotorreceptores. Em conclusdo, achamos que concentragées
até 150 ug/mL de ceftazidima no fluido de infusdo ndo é
toxico a retina.

Palavras-chave: Vitrectomia, Ceftazidima; Fluido de
infusdo, Toxicidade retiniana; Endoftalmite.
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