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Effect of intraocular surgery and ketamine on aqueous and serum
cytokines
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Purpose: To determine the effect of intraocular surgery and anesthesia on aqueous and serum cytokines.

Methods: Patients undergoing routine cataract surgery under general and local (peribulbar) anesthesia were randomized
to those given general anesthetic with and without the use of ketamine and those having local anesthesia. Aqueous and
serum levels of cytokines were collected at commencement of surgery and were determined by an immunoassay using
multi-analyte biochip array technology at 18 h post-operatively.

Results: At 18 h postoperative, all patients (37) showed significant and many fold increases in their aqueous levels of
interleukin (IL)-1a, IL-1, IL-4, IL-6, IL-8, vascular endothelial growth factor (VEGF), tumor necrosis factor (BI\F)-
interferon (IFN)y, epidermal growth factor (EGF), and monocyte chemotactic protein (MCP)-1. There was little to no
increase in IL-2 and IL-10. Significant increases in some cytokines (EGF, IL-6, ang ifrithe serum were also found
(p=0.038). There were no significant differences in aqueous cytokine levels following the use of ketamine or between
those patients who had general and local anesthesia (0.11<p<0.97).

Conclusions: There is an aqueous and serum cytokine response following intraocular surgery whether local (peribulbar)
or general anesthesia is used. Of the aqueous cytokines measured, three different patterns of responses emerged at 18 h
post-cataract surgery; those that were highly increased (IL-8, IL-6y,JBNd TNFer), medium increase (ILf VEGF,

IL-4, and MCP-1), and those with little to no change (EGF,dl{1L-2, and IL-10).

Intraocular surgery commonly results in postoperative  Cardiopulmonary bypass (CPB) has been proposed as a
intraocular inflammation. This is thought to result from traumamodel for systemic inflammatory response syndrome [15,16].
to ocular structures, disruption of the blood barrier, an imThe anesthetic agent, ketamine, has been found to attenuate
mune hypersensitivity reaction, or an infective-immune rethe IL-6 response after cardiopulmonary bypass (CPB) [17].
sponse. This inflammatory response plays an important rolehus far, it is not known if the systemic anti-inflammatory
in the outcome of a variety of surgical procedures, for exeffect of ketamine extends to the eye to cause suppression of
ample, it may be associated with a reduction in survival of @ost-ocular surgery inflammation. Although systemic (plasma)
transplanted cornea [1], predisposition to cystoid maculaconcentrations of IL{}, TNF-a, and IL-8 have been found to
edema [2], or a failure of glaucoma filtration surgery [3]. Con-increase following both general and local anesthesia for cata-
trol of the inflammatory response is, therefore, likely to beract surgery [18], these, as well as other aqueous cytokines,
important in determining the success of surgery. Charactehave not been measured in the aqueous humor following in-
ization of aqueous cytokines may be helpful in staging distraocular surgery. Therefore, we sought to characterize the
ease activity and in correlating cytokine profiles with clinicalcytokine response to intraocular surgery using cataract sur-
signs [4-8]. The cytokine response may be important in ergery as the model and to determine whether ketamine had a
dothelial loss following intraocular surgery. For example,similar effect found with systemic inflammation.
whereas IL-8 and IL-10 have roles in suppressing inflamma-
tion and aid vascular endothelial cell survival [9,10], TNF, METHODS
IL-6, and IFNy are linked with vascular endothelial cell Patients:Patients undergoing routine uncomplicated cataract
apoptosis [11,12]. Although there have been few studies osurgery either under general or local (peribulbar) anesthesia
the cytokine response to intraocular surgery, IL-6 is likely tovere enrolled into the study after obtaining their informed
be a key mediator of postoperative uveitis and has been showansent. The decision whether surgery was to be carried out
in both animal [13] and human [14] studies to significantlyunder general or local anesthesia had been determined inde-
increase following intraocular surgery. pendently by the patient’s ophthalmologist and was unrelated
to potential inclusion in this study. The study protocol was
approved by the local Research Ethics Committee and the
Correspondence to: Stephen B. Kaye, St Paul's Eye Unit, Roy&declaration of Helsinki was adhered to. Patients were excluded
Liverpool and Broadgreen University Hospitals NHS Trust, Prescoif they were using or had used immunosuppressive medica-
Street, Liverpool, L7 8XP, United Kingdom; Phone: 0044 151tjon, were using topical ophthalmic medication, had a history
7062134; FAX: 0044 151 7065861; email: s.b.kaye@liverpool.ac.ulgf gutoimmune disease or other systemic inflammatory dis-
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ease within the past 5 years, or had a known hypersensitivifyhe postoperative aqueous sample was collected as follows.
to ketamine. Patients were not excluded if they had controlledrollowing topical anesthesia with guttae proxymethocaine, the

non-insulin dependent diabetes mellitus and had not had side port site was dabbed with a cotton bud dipped in a 5%
required retinal laser treatment. Patients were randomly seetadine solution. Using slit lamp biomicroscopy, a Pierce

lected from three groups: those undergoing cataract surgehydrodissection cannula attached to a 1 ml tuberculin syringe
under general anesthesia with ketamine (GA+ or group 1lyyas inserted by one operator into the side port incision flush

those without ketamine (GA- or group 2), and those havingith the internal opening into the anterior chamber. Then, the

local (peribulbar) anesthesia without ketamine (LA or groupsecond operator withdrew 30-50 of aqueous humor; the

3). amount of aqueous withdrawn was determined by monitoring

Surgical procedure: Standard small incision (3.2 mm) the depth of the anterior chamber. All samples were stored at -
cataract surgery using phacoemulsification was performed 80 °C for subsequent analysis.
four experienced cataract surgeons. Preoperative assessment Clinical outcome measurefntraocular inflammation was
of cataract density was made by a single surgeon using tlssessed preoperatively and at 18 h by grading the anterior
LOCSIII grading system [19]. The length of the procedurechamber flare (F) from one to four and counting the number
phacoemulsification time and power, and untoward eventsf cells (C) in a 0.2 mm beam under 25X magnification. Com-
during the procedure such as iris touch or hemorrhage wepdications during sampling, postoperative complications, and
recorded. All patients received the same preoperative topicaisual acuity of patients were recorded.
medication, namely guttae cyclopentolate 1% and phenyle- Analysis of sampled.evels of interleukins (IL) -&, IL-
phrine 2.5%. A subconjunctival injection of gentamicin 5 mglg, IL-2, IL-4, IL-6, IL-8, IL-10, vascular endothelial growth
was given at the end of the procedure. Towards the end of tfector (VEGF), tumor necrosis factar{ TNF-a), interferon-
study, patients received intracameral vancomycin (1 mg in O4(IFN-y), epidermal growth factor (EGF), and monocyte
ml) in line with changed departmental antimicrobial prophy-chemotactic protein-1 (MCP-1) were measured using a Biochip
laxis protocol for cataract surgery. Postoperative topical mediArray System [20] (Evidence Investigator, Randox Ltd, Co.
cation was a reducing regime of guttae betamethasone 0.48atrim, N. Ireland). The biochip is a solid substrate with mul-
and chloramphenicol 0.5%. Postoperative treatment was ntiple specific cytokine antibodies attached at predefined sites
commenced until the 18 h sample had been collected. on the surface. Each cytokine binds to its specific antibody

Anesthetic procedureAll patients had cataract surgery then appropriate enzyme-labeled second antibodies are added
on a Thursday afternoon theatre list (2-5 p.m.). General aneand the cytokines are quantified by chemiluminescence using
thesia was induced intravenously with a bolus dose of propofal CCD camera and imaging system. Samples were thawed
1-2 mg/Kg and was maintained using volatile vapor ofimmediately before analysis, diluted 1:3 if necessary to en-
isoflurane 1% in an oxygen and nitrous oxide mixture. Fentasure a volume greater than L@Qand 100ul of the samples
nyl (1 ng/Kg) provided analgesia and atracurium (0.5 mg/Kgwere applied directly to each reaction well in the Biochip.
was used to provide neuromuscular blockade and to facilita®amples were analyzed in two batches where all samples from
ventilation and oxygenation. Ketamine (1 mg/Kg) was adminthe same patient were analyzed in the same batch. The be-
istered by an 1.V. infusion over the duration of the surgerytween-batch variability for all analytes was less than 12% and
Postoperatively, cocodamol was administered orally every siwithin-batch variability less than 10%. As there is little infor-

h, as required, to alleviate pain. Local anesthesia was admimation available on the aqueous concentration of some of the
istered by a peribulbar injection of 5 ml of a mixture of Li- cytokines, it was not possible to determine the most appropri-
gnocaine 2% and Levobupivacaine 0.5%. ate dilution for sample analysis.

Sample Collection:Aqueous and serum samples were Statistical Analysis:For some of the cytokines, it was
collected on the first postoperative morning (9-11 a.m.), apaot possible to determine the lower or upper values due to
proximately 18 h from the time of their cataract surgery. Fivéack of sufficient sample for further dilution or concentration.
milliliters of venous blood and 100 of aqueous (obtained Therefore, the concentrations were ranked, a Friedman test
through the cataract side port incision) were obtained at tHer related samples was used to compare the three groups, and
commencement of surgery and prior to the administration cd Kolmogorov-Smirnov test to compare pre to postoperative
ketamine. The side port incision was placed anterior to thievels using SPSS (version 14.1) statistical program. A cor-
limbus to avoid any bleeding. The postoperative samples (aquesction factor for multiple testing was made to alpha where
ous and venous blood) were collected at 18 h postoperativeindicated.

TaBLE 1 (NEXT PAGE). PRE AND POSTOPERATIVE AQUEOUS CYTOKINE RESPONSE FOLLOWING CATARACT SURGERY

Patient groups: general anesthesia with (GA+) and without (GA-) ketamine, and local anesthesia (LA). Cataract classifiestrarpal-
escence (NO) and nuclear color (NC), and cortical (C) and posterior subcapsular (P) lens opacities. Anterior chambepimflaguealds

flare (F), scale 1-4; cells (C) in the anterior chamber, that is, number of cells in a 0.2 mm beam graded as 0 (no8elds)lafid 2 (3-5

cells). Effective phacoemulsification time (EPT) is the product of average power and time. Aqueous cytokines: interlelakii ¢1); IL-

4, IL-6, IL-8, vascular endothelial growth factor (VEGF), tumor necrosis fact@NFa), interferon (IFN)y, epidermal growth factor
(EGF), and monocyte chemotactic protein-1 (MCP-1). Note the comparative changes in the pre and postoperative levelswtthe meas
aqueous cytokines such as IL-6 and IL-2. Also compare with Table 3 for serum responses of these cytokines. There wemces differ
between the three patient groups and no correlation with grade of cataract or EPT.
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TABLE 1 (LEGEND PREVIOUS PAGE).

Cataract
Patient Grp grade EPT  Inflammation L2 IL-4 IL-6 IL-8 IL-10 VEGF
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 GA-  NO3NC3 0528 Fic2 109 280 105 80.1 1.00 >350 10 1480 10 10 276 2356
2 GA-  NOINC2 1656 Fici 44.2 0.3 3.5 283 350 >350 28 1633 306 10 a8 1633
GA-  NOINCI 0.168 Flco-1 157 g 6.8 322 1 >350 10 383 14 10 ] 286
4 GA-  NOINC3ICZ 1008 Fac2 0 0 58 9.8 1.00 =350 17 951 18 10 27 103
GA-  NO3NC3IC4 0672 FIc2 1] 0 52 332 3 =350 30 772 1] 1.0 g 400
8* GA-  NO3NC3P2 0696 F2c2 1] 0 44 188 21 =350 165 1722 357 1.0 25 n
7 GA-  NOINCL 0336 FIci o 0 84 194 =350 =350 127 810 10 1.0 140 370
8t GA-  NO3NC3ICI 1224 F2c2 o 0 54 343 224 =350 62 413 1.0 10 76 200
9 GA-  NOINC3 0.936 FIci o 0 4.0 9.8 6 >.350 10 740 10 10 35 452
10 GA-  NO3NC3 0.528 Fic2 o 0 98 245 3 =350 48 325 1.0 1.0 38 2
" GA-  NOINC2C2 0504 Fici o 0 a1 209 7 =350 10 1655 1.0 1.0 36 230
12 GA+ NO3NC3 0.48 Ficoin” 466 275 a3 54.8 96 =350 10 1488 1.0 73 136 180
13 GA+ NOINC2P2 0288 Faci 205 406 59 334 1.00 »350 10 845 59 11 15 254
14 GA+  C2P4 0.456 F2c2 9.0 308 T2 301 1.00 »350 10 1871 10 10 125 584
15 GA+ NO3NC3 0.696 Fici 437 138 45 219 5 =350 10 541 1.0 10 146 259
16 GA+  NO2INC2 1.08 Fict 11 388 8.0 247 4 =350 10 186 1.0 1.0 39 350
17 GA+ NOINCIP3 0312 Fi1c2 384 1.00 137 64.6 20 >350 10 1600 16 1.0 a1 1542
18 GA+ NO3NC3C4 1488 Fac2 ] 0 50 524 3 =350 10 614 1.0 1.0 29 70
19 GA+ NOINCIP2 024 FICI '] 0 6.8 204 16 =350 17 602 1.0 10 w 247
20 GA+ NOINC2 0.24 FICI 0 0 44 230 1.00 =350 10 T 25 10 39 160
21 GA+  NO4NC4 0.48 Fact 1.0 1.00 248 403 5 210 10 525 4.6 58 o 0
22 GA+ NO3INC3 1.08 Fic2 318 3340 19 216 350 3010 35 140 05 58 352 540
23 LA NOINC2 0.456 Fict 468 506 a7 148 <1 350 10 715 1.00 6.1 18 260
24 LA NO3NC3P4 0528 Fict 752 8.0 45 738 5 =350 10 3285 1.00 1.0 44 252
25 LA NOINCIC2 0392 Fici 475 54.0 42 340 <1 =350 10 853 1.00 10 14 358
26 LA NO4NC4 144 FIC3 60.1 46.1 30 427 " »350 10 1295 1.00 10 66 349
27 LA NOINCICZ 0384 Ficz 392 45.3 6.3 276 <1 >350 10 1029 261 1.0 35 236
8 LA NOINCIP2 0288 Fici 75 153 107 334 4 >350 10 430 1.00 1.0 43 527
29 LA NOINC3 0456 Flcz 20 1.00 72 518 8 >350 10 1371 47 1.0 69 702
30 LA NO2NC2 0.84 Flel 0 0 9.8 16.3 196 >350 22 556 a7 1.0 47 1542
3 LA NO2NC3 0.384 F2C! 0 0 31 159 <1 >350 42 294 10 1.0 33 204
32 LA NO2NC2 1464 Flct 0 0 1] 36.0 [1] =350 1] 552 0 11 0 558
33 LA NO2NC2P2 0432 Flcit 131 107 232 339 126 210 14 468 40 53 0 ]
34 LA NO2NC2 0.84 Ficz 43.40 8.40 23.40 6.50 221 >350 26 1379 0 11 0 438
35 LA NOINC2 0.24 Fici 290 0 590 6.40 m >350 6 1132 0 16 " 263
36 LA NoZNC2 0.504 Fic? 14.0 14.4 12.60 9.70 26 =350 1 772 080 09 0 287
a7 LA NO3NC3 0.408 Flc! 185 144 10.30 6.50 170 =350 19 2203 0.20 09 33 239
Cataract
Patient Grp grade EPT Inflammation IFN TNFa IL-1a IL-1b MCP-1 EGF
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 GA-  NO3NC3 0.528 Fic2 0.3 38 1.0 239 8.7 27 T 255 19 =1200 <10 <1.0
2 GA-  NO2NC2 1.656 Fici 9.1 259 189 148 1.4 35 <1.0 183 1979 =1200 <1.0 28
3 GA-  NOINCL 0.168 Flco-l 56 16.8 <1.0 287 19 10.0 =1.0 136 419 >1200 <1.0 0
4 GA-  NOINC3C2 1.008 F2c2 0.3 343 <1.0 1.5 <1.0 20 15 18 208 >1200 <1.0 13
5 GA-  NO3NC3IC4 0672 Fic2 0.2 511 346 T4 <1.0 <1.0 <1.0 153 325 =1200 <1.0 0
B* GA-  NO3NC3P2 0696 F2C? 0.1 527 <10 247 260 36 19.1 63 479 =1200 <10 286
7 GA-  NOINCI 0336 Frcr 24 344 <1.0 427 <1.0 18 <1.0 163 1269 =1200 <1.0 102
Br GA-  NO3NC3C2  1.224 F2c2 o 209 4.09 109 <1.0 07 12 164 486 =1200 <1.0 1]
k] GA-  NO2NC3 0.936 FIct 1.0 3B7 284 273 <1.0 24 <1.0 105 337 >1200 <1.0 0
10 GA-  NO3NC3 0.528 Fic2 22 41 <1.0 <1.0 <1.0 6.9 12 22 298 =1200 <1.0 1]
" GA-  NOINC2ICI 0504 Fict 56 16.5 <1.0 394 <1.0 6.6 <1.0 T4 196 =1200 <1.0 1]
12" GA+ NO3NC3 0.48 Fico/! 0.10 n2 539 455 8.0 18.1 22 323 520 =1200 <1.0 16
13 GA+ NONC2P2  0.288 Facr 6.8 214 207 247 109 59 =1.0 130 230 >1200 <1.0 23
14 GA+  C2P4 0.456 Fac2 50 341 166 179 3.2 a1 <1.0 120 258 =1200 <1.0 <1.0
15 GA+ NO3INC3 0.696 Fict 24 6.1 478 124 33 85 <1.0 111 434 =1200 <1.0 <1.0
16 GA+  NOINC2 1.08 Fict 1.7 29 <1.0 42 104 10.0 a7 27 190 1146 <10 <1.0
17 GA+ NOINCIP3 0312 FIc2 22 343 448 298 75 75 11 411 279 =1200 =1.0 =1.0
18 GA+ NO3NC3C4 1.488 Fc2 21 285 <1.0 16.5 <1.0 <1.0 1.2 15.4 314 >1200 <1.0 <1.0
19 GA+ NOINC1P2 0.24 Flcl 13 185 <1.0 255 <1.0 29 11 53 219 >1200 <1.0 =<1.0
20 GA+ NOXNC2 0.24 Flc! 1.1 155 <1.0 <1.0 <1.0 <1.0 <1.0 85 124 >1200 =1.0 <1.0
21 GA+ NO4NC4 048 F2c1 1) 0 73 57.6 523 523 <1.0 <1.0 209 =679 1.3 168
22 GA+ NO3NC3 108 FIC2? 7.00 232 0.0 0.0 7.00 21.30 <1.0 570 927 1384 0.0 00
23 LA NONC2 0456 Flcl 0.10 54 <1.0 146 11.9 125 <1.0 36 151 >1200 <1.0 25
24 LA NOINC3P4 0528 Flcl 078 09 3.0 126 64 5028 13 1293 393 >1200 <1.0 =1.0
25 LA NOINC2C2 0392 FIcCl 0.10 109 41 47.4 28 15.2 <1.0 265 119 1200 =1.0 <1.0
26 LA NO4NC4 144 Flc3 11 248 <1.0 46.2 80 86 15 265 451 >1200 =1.0 <1.0
27 LA NOINCIC2 0384 Flc2 07 26 24 ny 104 38 19 248 m =>1200 =10 =10
28 LA NOINCIP2Z  0.288 Ficl 0.10 <0.1 <1.0 158 100 <1.0 1.2 BB N 2006 =1.0 =1.0
29 LA NOINC3 0.456 Flc2 4.0 96 36 48.1 28 28 <1.0 242 279 >1200 <10 <1.0
30 LA NOINC2 084 Flcl 259 298 <1.0 71 <1.0 <1.0 36 5.1 395 >1200 <10 215
| LA NOINC3 0.384 F2c! 0.1 122 <1.0 <1.0 22 <1.0 <1.0 10.1 416 >1200 =1.0 =10
32 LA NO2NC2 1.464 Flcl a 9.70 ] 306 0 <1.0 0 2.0 0 >1200 =1.0 <1.0
33 LA NOINC2P2 0432 Flcl a 0 6.8 746 <623 124 <1.0 <1.0 494 >679 137 17.0
34 LA NONC2 084 Fic2 20.80 448 0.00 0 1.50 2020 14.40 1.30 1019 1200 0 0
35 LA NOINC2 024 Flcl 7.00 908 1.20 09 230 78.10 150 370 269 1200 0 0
36 LA No2NC2 0.504 FIc2? 7.90 498 0.00 5.1 220 110 349 1200 0 0 0 0
37 LA NO3NC3 0.408 FIcl 840 4.3 1.80 0 230 78.90 <1.0 1.10 443 1200 0 o
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RESULTS were relatively raised preoperatively (Table 1). Of these ten
Fifty-two patients were enrolled into the study. Fifteen papatients, two had atrophic macular degeneration (one other
tients withdrew from the study prior to taking of second sampl@atient with dry age-related macular degeneration did not have
and were excluded. Eleven patients (mean age 69 yearsjsed aqueous IL-6), two had non-insulin dependent diabetes
female:male=7:4), 11 patients (mean age 74 yearsnellitus, one had had removal of a pterygium three years prior
female:male=9:2) and 15 patients (mean age 75 yearg cataract surgery and one had had a trabeculectomy six years
female:male=9:6) were categorized into groups 1, 2, and prior to cataract surgery.
respectively, giving 37 sets of samples (Table 1). Postoperative agueous cytokine concentratioBame

Clinical outcome:The effective phacoemulsification time of the cytokine measurements showed little to no increase while
(EPT), derived from multiplying average phacoemulsificationothers showed many fold increases. There were significant
power and the phacoemulsification time, and the grade of catdifferences between all of the pre and postoperative aqueous
ract for each patient is included in Table 2 along with the decytokine levels (0.003<p<0.001) except perhaps for IL-2
gree of postoperative inflammation. No patient developed anfp=0.07) and IL10 (p=0.05) especially if alpha is adjusted to
unexpected preoperative complication. Postoperatively, 29 aridi005. There were, however, no differences in the pre to post-
8 patients had grade 1 and 2 flare, respectively. Twenty-twa@perative cytokine levels between the three patient groups,
fourteen, and one patients had anterior chamber cell counts@A+, GA-, and LA, for all of the 12 cytokines measured
grade 1, 2, and 3, respectively (Table 1). There was no signif{9.069<p<0.886). Additionally, there was no difference in the
cant difference between the EPT for the three groups, whiathange in aqueous cytokines between patients who had gen-
were 0.75, 0.60, and 0.60 for groups 1, 2, and 3, respectivedyal and local anesthesia (0.11<p<0.97). The pre to postop-
(p=0.57). erative changes in concentration could be approximately

Complications of samplingdne patient each from groups grouped into three semi-quantitative classes: those showing
1 and 2 complained of discomfort and headache followindjttle to no increase, EGF, ILel, IL-2, and IL-10; medium
collection of the postoperative agueous sample at 18 h. In groupcrease, IL-B, VEGF, IL-4, and MCP-1; and those showing
3 (LA), one patient’s anterior chamber shallowed to approxia high (many fold) increase, IL-8, IL-6, IFN-and TNFer.
mately 1.5 to 2 mm during the postoperative sampling proceFhis is reflected in Figure 1 as the ratio of the post to preop-
dure but reformed satisfactorily after padding of the eye foerative aqueous cytokine levels (used for descriptive purposes,
ten min. All three patients had good visual acuities postoperdhe lower and upper limit of detection as appropriate and in-
tively (6/6, 6/5, and 6/9, respectively) with an uneventful clini-cluded in Table 2 as the mean pre and postoperative aqueous
cal course. cytokine levels). There was no apparent correlation between

Aqueous cytokinesThe pre and postoperative aqueousthe EPT and the ratio of post to preoperative aqueous cytokine
cytokine concentrations are included in Table 1. ratios (0.06<p<0.87).

Preoperative levels:Apart from IL-13 and EGF, there Serum cytokine levelsfhe preoperative and postopera-
were detectable levels of the remaining cytokines in the aquéve serum levels for the cytokines measured are shown in
ous humor. In particular, all patients had relatively high aqueFigure 2 (ratio of the post to preoperative serum cytokine lev-
ous levels of MCP-1 and VEGF compared to the remainingls) and included in Table 3. There were small but significant
other cytokines analyzed. In ten patients (patients 2, 6-8, 1Ricreases in IFN-(p=0.005), IL-6 (p=0.02), IL-8 (p=0.03),

22, 30, 33, 34, and 37) aqueous but not serum levels of ILABEGF (p=0.003), and TNIe-(p=0.013). Although, if alpha is

TABLE 2. MEAN PRE AND POSTOPERATIVE AQUEOUS CYTOKINE LEVES

IL-2 IL-4 IL-6 IL-8 IL-10 VEGF INF TNFa IL-1a IL-1b MCP EGF
Group Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post

GA- 24 10 97 47 7 71 2 3 5 3 562 1
23 28 350 989 1 569 27 21 5 13 1200 5
GA+ 25 8 71 13 2 98 3 3 3 1 361 2
23 34 560 971 2 381 20 21 8 13 1167 5
LA 29 9 54 15 1 36 6 2 5 26 346 2
21 26 341 1106 2 445 25 21 47 92 1199 2
All 27 9 72 24 3 7 N 3 3 11 416 1
22 29 413 1029 2 463 24 21 22 44 1189 4

Patient groups: general anesthesia with (GA+) and without (GA-) ketamine, and local anesthesia (LA). Aqueous cytokinks (Htgrle
la, IL-1p, IL-4, IL-6, IL-8, vascular endothelial growth factor (VEGF), tumor necrosis factdrNFo), interferon (IFN)y, epidermal
growth factor (EGF), and monocyte chemotactic protein-1 (MCP-1). It should be noted that to determine the approximatees)eacutalu
off value at either the lower or higher concentration range was used. The values in this table should, therefore, ordgried esnan
approximated concentration. Although there were large differences in the mean pre to postoperative aqueous cytokinbeespaereasd
significant differences between the three patient groups.
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adjusted to 0.005 to correct for multiple testing (ten cytokinesinent of cytokines [20]. Because the samples were batch tested
these effects can only be considered preliminary. For the aquand there was a limited amount of sample(}0it was not

ous concentrations, there were no significant differences ipossible to determine the optimum dilution for each cytokine.
the pre and postoperative serum levels between the three grodjss resulted in the difficulty in determining the precise con-
(0.20<p<0.96). Three patients (two GA-, one GA+) had relaeentration for some cytokines, hence, there was a cut-off, for
tively raised preoperative serum but not aqueous IL-6 levelgxample, at either less than 0.1 or greater than 350 pg/ml.
No systemic reasons for the raised preoperative serum IL{¥evertheless the post to preoperative changes were often many

levels were identified. fold greater. Although every attempt was made to immedi-
ately store the samples, it is possible that there was degrada-
DISCUSSION tion of the cytokines prior to storage and as the sample warmed,

Methodologies for studying the cellular infiltration and theits concentration was altered. The ratio of post to preoperative
presence of various cytokines in aqueous humor range froooncentrations should, however, be reflective of the surgical
conventional assay methods like ELISA (and sequentiaffect. Although it would have been useful to measure total
ELISA) to techniques such as flow cytometric multiplex ar-protein concentration, all of the aqueous samples were used
ray (CBA) [21,22] and multiple bead immunoassay [8]. Moreup to meet the volume requirements for the Biochip assays.
recently, biochips using protein array technology have madé/hile it is likely that there may have been a change in aque-
possible, simultaneously, detection of multiple analytes, resus protein concentration from preoperative to postoperative,
duction in sample and reagent volumes, and high output die changes in cytokines were so great that the pre to postop-
test results. Intra- and inter-assay imprecision for most of therative results remain valid. Similarly, the cytokine concen-
analytes in this study was <10% and comparison studies hatrations relative to each would be the same.
shown compatible results with other methods for measure-

120.0 Figure 1. Ratio of post (18 h) to preop-
erative aqueous cytokine levels follow-
100.0 ing cataract surgery. The post to preop-

erative aqueous cytokine ratio was deter-
mined using the approximated mean pre-
and post-operative values. Where the end
80.01 point of the measured cytokine could not
be determined, the value at the limit of
detection was used. Aqueous cytokines:
60.0 interleukin (IL)-1or, IL-1p, IL-4, IL-6, IL-

8, vascular endothelial growth factor
(VEGF), tumor necrosis factow-
40.04 (TNFa), interferon (IFN)y, epidermal
growth factor (EGF), and monocyte
chemotactic protein-1 (MCP-1).

20.01
0.0- IL2  IL4 IL6 IL8 IL10 VEGF IFNg TNFa IL1a IL1b MCP-1 EGF

3.50 . .
Figure 2. The post to preoperative serum
cytokine ratio was determined using the

3.001 approximated mean pre- and post-opera-
tive values. Where the end point of the

2.501 measured cytokine could not be deter-
mined, the value at the limit of detection

2 001 was used. Serum cytokines: interleukin
(IL)-1a, IL-1B, IL-4, IL-6, IL-8, vascu-

1.504 lar endothelial growth factor (VEGF),
tumor necrosis factas- (TNFa), inter-
feron (IFN)y, epidermal growth factor

1.001 (EGF), and monocyte chemotactic pro-
tein-1 (MCP-1).

0.501

0.00-

IL2 IL4 IL6 IL8 IL10 VEGF IFNg TNFa IL1a IL1b MCP1 EGF
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The 18 h postoperative time point was chosen becausentacrophage functions including inflammatory cytokine pro-
was the most convenient for the patient and also becausgection possibly via reduction of mitochondrial membrane
cytokine concentrations based on IL-6 have been found to lpotential in cell culture [26]. It has also been shown to sup-
high at this time [17]. Clearly, because only two time pointgress staphylococcal enterotoxin B-induced proinflammatory
were sampled, little inferences can be made. Nevertheless, ©ftokine production in human whole blood [27]. In our study,
the 12 cytokines analyzed in this study, all except EGF wengatients having surgery under GA received a bolus injection
detectable in the aqueous preoperatively and all except IL-& Propofol or an infusion of 1 mg/Kg of ketamine. We found
and IL-10 showed significant increases 18 h following surno suppressive effect of Propofol on Ttfevels as has been
gery. In all of the study groups, aqueous cytokine levels broadlgported in studies on rats [28]. Similarly, with regard to
showed three different patterns of response at 18 h postopekatamine, the absence of a detectable effect on aqueous or
tively: those showing a high increase, IL-8, IL-6, IFNand  serum cytokine responses may reflect poor penetration of
TNF-a; those showing a medium increase, ,-YEGF, IL-  ketamine into the eye, peculiarity of eye surgery, or insuffi-
4, and MCP-1; and those showing little or no increase, EGEjent therapeutic levels. Although in rats the minimum effec-
IL-1a, IL-2, and IL-10. Thus, as far as aqueous levels are cotive dose to inhibit IL-6 secretion is between 5-10 mg/Kg
cerned, predominantly macrophage-derived cytokines (TNH29,30], the dose used in our study (1 mg/Kg) was higher than
a, IL-1pB, IL-6, IL-8, and MCP1) and predominantly endothe-that used by Roytblat et al. (0.25 mg/Kg) who noted an at-
lial cell-derived cytokines (VEGF, TNE; IL-6, IL-8, and  tenuation of postoperative serum IL-6 levels in the patients
MCP) showed several fold increases. This may be reflectinggiven ketamine in a study on patients undergoing cardio-pul-
breakdown in the blood-aqueous barrier. The results for IL-&honary bypass [17]. Although cataract surgery would not be
are similar to those of Malacaze et al who reported low texpected to cause a major systemic insult, serum cytokine lev-
undetectable preoperative aqueous IL-6 levels with several fokels also showed a slight but significant increase following sur-
increases three days following extracapsular cataract surgeggry, reflecting some systemic effect or release into the circu-
with no detectable IL-6 bioactivity in the serum [14]. lation. We could not detect any differences between general

General anesthesia using Fentanyl, Thiopentonerlocal anesthesia in terms of the clinical or cytokine response.
Isoflurane, Propofol, and nitrous oxide has been associatédthough increases in IL{], IL-6, and IL-8 are attenuated by
with an increase in IFN; IFN-a, TNF-a, and soluble high doses of lidocaine in high concentrations (0.5 mg/ml)
interleukin-2 receptor synthesis, but notin Ii&nd IL-6 [23].  [31], this level is unlikely to be reached in the anterior cham-
Anesthetic technique can modify the balance of cytokines aser following peribulbar injection.
sociated with surgery [24,25]. Ketamine, an intravenous an- It has previously been reported that greater
esthetic agent, had been found to have suppressive effectsgiracoemulsification energy is required for higher grades of

TABLE 3. PRE AND POSTOPERATIVE SERUM CYTOKINE RESPONSE FOLLOWING CATARACT SURGERY

Patient IL2 IL4 ILG ILS IL1D VEGF IFNE TXFa IL1a IL1b MCP1 EGF

GA- Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 ] 0 0 o 14 17 216 304 0 1] 577 G684 0 1.6 6.5 59 0 0 L1} 0 ) | 265 405 500
2 0 0 ] o 88 123 88 186 0.7 19 ed} 297 o 0 59 6.1 0 0 0 0 247 501 232 349
3 0 1 kR 4.5 88.7 93 121 134 02 0.1 174 224 0 28 52 6.7 2.7 21 0.4 18 276 371 324 248
5 Q 0 a 08 829 84.1 9.1 11.1 o Q G0 84 o 0.6 23 4 0 Q o 0 550 538 262 334
[} [ 0 1] o 1] 6.9 131 286 0 1] 215 272 0.6 08 52 87 1.9 0 0 0 281 459 156 295
7 222 205 1] o 1] 02 0.7 02 05 0.2 20 21 23 28 42 65 1.1 0 44 57 211 162 27 72

GA+

12 2443 2496 ] o 3 4.5 144 183 0 ] 363 656 o 1.3 9.5 1.9 0 0 109.3 109 527 45 4 T
14 1.9 4.4 ] o 86 89 6.3 83 0 0 83 63 08 35 28 7.6 0 0 0 0 429 505 278 298
16 i9 33 31 31 1604 1736 103 13 0 [i] 205 252 0.6 i3 82 153 0 [i} o 0 435 362 161 298
4 0 7 ] o 0 0.6 9 102 0 0 234 457 o o 6.5 98 o 0 0 0 244 340 35 35
LA

24 1.9 0 0 o ] 0 6.7 11 0 ] 811 860 o 0.6 1.6 6.1 0 0 0 0 304 310 140 87
26 ] 1.9 o o 1] 0.2 0.2 1.9 ] 1] 25 35 0 o 33 4.4 1] 0 (1] 0 343 352 296 214
30 19 1.9 0 o 0 0.5 7.9 19 0 0 34 57 1.1 5.6 4.6 4.4 0 0 0 0 408 462 10 179

Patient groups: general anesthesia with (GA+) and without (GA-) ketamine, and local anesthesia (LA). Serum cytokineist {Hileuk
IL-1p, IL-4, IL-6, IL-8, vascular endothelial growth factor (VEGF), tumor necrosis fac{@NFa), interferon (IFN)y, epidermal growth
factor (EGF), and monocyte chemotactic protein-1 (MCP-1). Although the changes are smaller compared to the aqueousléyetw(&abl
the comparative changes in the pre and postoperative levels of the measured serum cytokines such as IL-6 and IL-2. @ déferarces
between the three patient groups.
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nuclear color (NC) and nuclear opalescence (NO) as gradddFunatsu H, Yamashita H, Noma H, Mimura T, Nakamura S, Sakata
by the Lens Opacities Classification System, version 11l K, Hori S. Aqueous humor levels of cytokines are related to
(LOCSIII) [32]. Although not a primary outcome measure and vitreous _Ievels and progression of diabetic retinopathy in dia-
therefore speculative, the absence of a detectable correlation Pelic patients. Graefes Arch Clin Exp Ophthalmol 2005; 243:3-

between a.q.ue(.)us .CytOkme response and effectlvg. Noma H, Funatsu H, Yamasaki M, Tsukamoto H, Mimura T, Sone
phacoemulsification time/energy suggests that the aqueous T, Jian K, Sakamoto I, Nakano K, Yamashita H, Minamoto A,

cytokine response at 18 h bears little correlation with the  vjishima HK. Pathogenesis of macular edema with branch reti-
amount of phacoemulsification energy within the range used. nal vein occlusion and intraocular levels of vascular endothelial

Although the inflammatory cytokine response may be rela-  growth factor and interleukin-6. Am J Ophthalmol 2005;

tively standard for this type of surgery, it may be more marked  140:256-61.

in complicated or difficult surgical cases thus indicates fur6. Funatsu H, Yamashita H, Nakamura S, Mimura T, Eguchi S, Noma

ther work in such cases. H, Hori S. Vitreous levels of pigment epithelium-derived factor
In the absence of additional time point measurements, it and vascular endothelial growth factor are related to diabetic

is difficult to speculate on the significance of the cytokine re- macular edema. Ophthalmology 2006; 113:294-301.

. 7. Tashimo A, Mitamura Y, Nagai S, Nakamura Y, Ohtsuka K, Mizue
sponses measured. That is, although our results represent snap- Y, Nishihira J. Aqueous levels of macrophage migration inhibi-

shots of aqueous cytokine levels pre and 18 h post cataract ory factor and monocyte chemotactic protein-1 in patients with
surgery, the cytokine response following corneal infection [33]  diabetic retinopathy. Diabet Med 2004; 21:1292-7.

or trauma [34] is intense and usually short-lived. Whether the. Curnow SJ, Falciani F, Durrani OM, Cheung CM, Ross EJ, Wloka
aqueous levels of these cytokines remain elevated postopera- K, Rauz S, Wallace GR, Salmon M, Murray PI. Multiplex bead
tively is clearly important for further surgery such as penetrat-  immunoassay analysis of aqueous humor reveals distinct
ing keratoplasty following cataract or glaucoma filtration sur- ~ cytokine profiles in uveitis. Invest Ophthalmol Vis Sci 2005;

: 46:4251-9.
ery. It would be useful to measure these cytokines as well as
'?'Gg-ﬁ at other postoperative time points Y articular] Iaterg' Chen S, Kapturczak MH, Wasserfall C, Glushakova OY, Campbell-
P P P ' P y Thompson M, Deshane JS, Joseph R, Cruz PE, Hauswirth WW,

time points, to determine the response pattern anpl maintgngnce Madsen KM, Croker BP, Berns KI. Atkinson MA., Flotte TR,
of the response. Although there is between subject variation,  Tisher cC, Agarwal A. Interleukin 10 attenuates neointimal pro-
the response (at least at 18 h) appears reasonably uniform so |iferation and inflammation in aortic allografts by a heme oxy-
that different patient groups could be selected for different  genase-dependent pathway. Proc Natl AcadSci U S A 2005;
time intervals which would mean repeated individual testing  102:7251-6.
is unnecessary. In addition, it would be informative to mealO. Li A, Varney ML, Valasek J, Godfrey M, Dave BJ, Singh RK.
sure the cytokine response in cases where the postoperative Autocrine role of interleukin-8 in induction of endothelial cell
inflammatory response has been greater than expected and to Proliferation, survival, migration and MMP-2 production and

. . . angiogenesis. Angiogenesis 2005; 8:63-71.
correlate or standardize with the total aqueous protein cony | ) ,

. USi h found th i 1. Li JH, Pober JS. The cathepsin B death pathway contributes to
centration. In conc usion, we have foun thataqueous cytokine e plus IFN-gamma-mediated human endothelial injury. J
levels showed three different patterns of response at 18 h post- | mmunol 2005; 175:1858-66.
cataract surgery; those that were highly increased (IL-8, IL-612. Seynhaeve AL, Vermeulen CE, Eggermont AM, ten Hagen TL.
IFN-y, and TNFe), intermediately increased (ILB1VEGF, Cytokines and vascular permeability: an in vitro study on hu-
IL-4, and MCP-1), and those with little to no change (EGF, = man endothelial cells in relation to tumor necrosis factor-alpha-
IL-1a, IL-2, and IL-10). This response appears to be unaf- primed peripheral blood mononuclear cells. Cell Biochem

fected by the use of ketamine. Biophys 2006; 44:157-69.
13. Zhaohui Z, Shouzhi H. An experimental study of the tumour ne-

crosis factor levels in aqueous humor after traumatic cataract
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