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Summary: Silva EPA, Sakata RK, Garcia JBS, Salomão R, Issy AM – Evaluation of Preemptive Effect of Epidural S(+)-Ketamine for Hysterec-
tomy: Plasmatic Concentrations of Interleukins.

Background and objectives: Some studies showed that ketamine inhibits the production of cytokines. The objective of this study was to evaluate 
the preemptive analgesic effect of epidural S(+)-ketamine in hysterectomy and plasmatic cytokines (IL-6, TNF-α and IL-10). 

Method: A double-blinded study with 29 patients was conducted. Patients in Group 1 received 13 mL of 0.25% bupivacaine with 25 mg of S(+)-
ketamine 30 minutes before surgical incision and 15 mL of saline solution via the epidural route 30 minutes after. Patients in Group 2 received 
15 mL of saline solution 30 minutes before the surgical incision, followed by 13 mL of 0.25% bupivacaine with 25 mg of S(+)-ketamine 30 minutes 
after. Postoperative analgesia was made with epidural bupivacaine and fentanyl. Dipyrone 1 g was used whenever required. The following para-
menters were evaluated: concentration of cytokines, intensity of pain, time of first request of analgesic and total quantity of analgesic used. 

Results: Time for the first request for analgesics was 61.5 minutes in Group 1 and 69.0 in Group 2, without difference between these groups. 
There was no difference for total dose of fentanyl used in Group 1 (221.4 µg) and Group 2 (223.3 µg). A similar analgesic effect was obtained in 
both groups, except in T12 (Group 1 = 2.4 ± 3.2; Group 2 = 5.5 ± 3.4). No differences in concentration of cytokines were observed. 

Conclusions: The epidural injection of 25 mg S(+)-ketamine before incision reduced the pain intensity only 12 hours after surgical incision and 
did not alter concentration of cytokines. 
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INTRODUCTION

The stimulus of surgical trauma provokes peripheral and cen-
tral sensitivity, with modification of neurons and resulting in 
allodynia, hyperalgesia and increase of postoperative pain 
intensity1. It also causes increase in the concentrations of cy-
tokines 2,3. 

Pro-inflammatory cytokines (TNF-α, IL-1, IL-6, IL-8) indi-
rectly modulate pain through the release of substances like 
nitric oxide, oxygen free radicals, prostaglandins, and excit-
atory amino acids from microglia and astrocytes, inducing pe-
ripheral and central sensitivity and hyperalgesia 4.

NMDA receptors have an important role in processing pain. 
The activation of these receptors by excitatory neurotransmit-
ters, especially glutamate, is essential to the development of 
central sensitivity and amplification of pain response 1.

Some drugs have been investigated to prevent or modify 
these alterations in the central nervous system. Ketamine 
is an antagonist of NMDA receptors and the S(+)-ketamine 
isomer is more powerful than the racemic drug and causes 
less adverse effects 5-10. Although many studies have used 
ketamine, its preemptive effect is controversial 11-13. There is 
not much information available about administration of epidu-
ral ketamine and attenuation of inflammatory response. In a 
study, a low dose of epidural ketamine did not promote pre-
vention of chronic pain after thoracotomy 14.

The objective of this study was to evaluate the preemptive 
analgesic effect and repercussions of epidural S(+)-ketamine 
on plasmatic concentrations of IL-6, IL-10 and TNF-α  in pa-
tients undergoing hysterectomy.

METHOD

A prospective, double-blinded, randomized study was con-
ducted in 29 patients aged between 18 and 60 years, ASA 
physical status I or II, undergoing abdominal hysterectomy. 
The study obtained the approval by the Ethics Committee 
in Research and the patients signed the informed consent 
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form. The exclusion criteria were the following: infection in the 
puncture site, coagulation disorders, hypertension, cancer, 
psychiatric, cardiac or hepatic disease and analgesic use in 
the week prior to surgery. 

Patients were randomly divided into two groups. The inves-
tigator in charge of the evaluation did not know if the patient 
received the association of bupivacaine and S(+)-ketamine 30 
minutes before or after the surgical incision until the end of 
study. A physician prepared the solution in the same volume 
and gave it to the anesthesiologist, who did not know its con-
tent. 

Oral diazepam (10 mg) was administered one hour before 
the anesthesia. The epidural catheter was kept to control post-
operative pain. General anesthesia was induced with propofol 
(2.5 mg.kg-1) and intubation was carried out with rocuronium 
(0.5 mg.kg-1). Anesthesia was kept with isoflurane/oxygen. 
Neither nitrous oxide nor opioids were administered. 

Group 1 patients received 13 mL of 0.25% bupivacaine 
without vasoconstrictor via the epidural route associated with 
25 mg of S(+)-ketamine in 2 mL of saline solution, 30 minutes 
before the surgical incision, followed by 15 mL of saline solu-
tion 30 minutes after. Group 2 patients received 15 mL of sa-
line solution 30 minutes before the surgical incision, followed 
by 13 mL of 0.25% bupivacaine without vasoconstrictor, plus 
25 mg of S(+)-ketamine in 2mL of saline solution 30 minutes 
after the surgical incision. 

Blood samples were collected to measure cytokines on the 
following moments: before the surgical incision (M0), three 
(M3), six (M6), 12 (M12) and 24 hours (M24) after the surgical 
incision. Blood was collected on EDTA tubes and centrifuged 
at 3.000 rpm for 15 minutes. Plasma was stored at -70°C un-
til the moment of analysis. Cytokine levels were determined 
by ELISA (PharMingen, EUA). All values were reported as 
picograms per milliliter. The variation coefficients of the im-
munoessay kits ranged from 5% to 10%.

Postoperative analgesia was carried out with 4 mL of 0.25% 
bupivacaine associated with 1 mL of epidural fentanyl (50 µg) 
in bolus according to patients’ request with a minimum inter-
val of four hours. To those patients who kept pain score ≥ 3, 
1 g of intravenous dipyrone was used to complement analge-
sia. The evaluated parameters were the following: intensity of 
pain, time to request analgesics for the first time, total quantity 
of analgesics used within 24h and plasmatic concentrations of 
cytokines. Pain intensity was evaluated by a numerical scale 
(from 0 to 10) in the following moments: arousal state (M0), 
and six (M6), 12 (M12), 18 (M18) and 24 hours (M24). Side 
effects were registered. 

The number of patients was calculated based on the hy-
pothesis that the difference in pain relief in the group that re-
ceiving ketamine before incision would be at least 20%. In 
order to have a 95% chance to detect this difference at a level 
of significance (p < 0.05), the number of patients calculated by 
group was 14 and data were analyzed by the Student’s t test 
(age, weight, height, BMI) and Mann-Whitney test (duration of 

surgery, intensity of pain, plasmatic concentration of IL6, IL10 
and TNF-α). A p-value ≤ 0.05 was considered significant. Re-
sults were expressed as average ± SD, and with a confidence 
interval (CI) of 95%.

RESULTS

No differences in age, weight, height, body mass index and 
duration of surgery were observed between both groups 
(Table I). 

Time to the first request of analgesic complementation 
ranged from 0 to 150 minutes (average: 61.5 ± 14.2) in Group 
1 and from 0 to 210 minutes (average: 69.0 ± 19.4) in Group 
2, without significant difference between groups (p = 1; Mann-
Whitney test). There was no difference in the total dose of 
epidural fentanyl for postoperative analgesia between Group 
1 (221.4 ± 67.1 µg) and Group 2 (223.3 ± 49.5 µg) (p = 0.89; 
Mann-Whitney test). 

There was no difference in pain intensity except in M12, 
when pain score was lower than in Group 2 (Table II).

No significant difference was observed in the concentra-
tions of IL-6, IL-10 and TNF-α between both groups at the 
investigated moments (Table III). 

The side effects observed during the study were the fol-
lowing: vomiting (Group 1 = 21% and Group 2 = 6.6%) and 
hypotension (Group 1 = 14% and Group 2 = 20%). Agitation 
was observed during the immediate postoperative period in a 
patient from Group 1. 

Table I – Demographic Data and Duration of Surgery

Parameters Group 1 (n = 14) Group 2 (n = 15)
Age (years) a 43.4 ± 1.1 42.9 ± 1.1
Weight (kg) a 62.1 ± 2.3 65.1 ± 3.0
Height (cm) a 158.7 ± 1.5 159.5 ± 1.0
BMI (kg.m-2) a 24.7 ± 1.0 25.5 ± 1.0
Duration of surgery 
(min) ca

164.6 ± 18.3 179.3 ± 21.7

Group 1: before incision; Group 2: after incision; BMI: body mass index; 
aStudent’s t test, bMann-Whitney test. 

Table II – Intensity of Pain (95% CI)

Group 1 (n = 14) Group 2 (n = 15) p
M0 2.3 ± 3.6 (0.2 – 4.4) 3.0 ± 4.5 (0.7 – 5.2) 0.7723

M6 1.4 ± 2.2 (0.06 – 2.6) 2.7 ± 3.2 (0.9 – 4.5) 0.2617

M12 2.4 ± 3.2 (0.5 – 4.2) 5.5 ± 3.4 (3.6 – 7.4) 0.0418*

M18 1.9 ± 1.9 (0.8 – 3.0) 3.1 ± 3.4 (1.2 – 4.9) 0.4676

M24 1.4 ± 2.5 (-0.06 – 2.8) 2.0 ± 3.1 (0.3 – 3.7) 0.5198

Group 1: before incision; Group 2: after incision; M0: arousal,
M6, M12, M18, M24: 6, 12, 18, and 24 h after arousal; Mann-Whitney test.
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DISCUSSION

Hysterectomy was chosen because this procedure provokes 
intense pain stimulus during the postoperative period and af-
ferent stimulus may be blocked with epidural drugs. The dura-
tion of surgery was similar in both groups and, therefore, the 
time for evaluation of the patient was also similar. General 
anesthesia was maintained with agents that do not have pre-
emptive analgesic effect. A patient was excluded from Group 
1 because she received a drug that was not allowed accord-
ing to the protocol.

In the present study there was no reduction of intensity of 
postoperative pain with epidural infusion of S(+)-ketamine and 
bupivacaine before surgery when compared with the same in-
jection administered after the beginning of the surgical stimu-
lus. Even though a significant difference in pain scores was 
not observed and the number of patients was small, the score 
was lower in Group 1 in all evaluated moments. Those data 
lead us to mention a tendency for improved analgesia when 
the solution was administered before the surgical incision. At 
M12, pain intensity was lower in Group 1 than in Group 2, 
which confirms this tendency, but is not enough to support a 
preemptive effect. 

An analgesic effect was not obtained despite the epidural 
administration of drugs being considered efficient to reduce 
intensity of acute postoperative pain 14. The epidural solution 
consisted of a combination of a local anesthetic and S(+)-
ketamine because these drugs work through different mecha-
nisms with more intense analgesic effect. The volume of the 
anesthetic solution may have been insufficient to prevent 
alterations in the central nervous system resulting from the 
deleterious stimulus generated by the surgery. 

General anesthesia was maintained with agents that do 
not have preemptive analgesic effect. Although there are 
many studies investigating preemptive analgesia, the meth-
ods employed by most researchers are considered inappro-
priate. Many studies were not double-blinded or patients were 
not randomized. In other studies, patients did not receive the 

same analgesia before and after the surgical incision 15,16, or 
the analgesic was compared with saline solution administered 
before the surgical incision 15, rendering an inaccurate eval-
uation. In addition to that, researchers did not consider the 
sensitivity induced by the inflammatory response within the 
immediate postoperative period 16,17.

A protocol of preemptive analgesia suggested by McQuay 
was used in this study, in which the effect on postoperative 
pain is observed with the drug administered before and after 
surgical incision in the same dose and by the same route 18.

A systematic review concluded that the preemptive analge-
sic effect depends on the selected analgesic technique. One 
study demonstrated an evident preemptive effect with epidur-
al analgesia, reducing pain intensity and consumption of com-
plementary analgesics, thus increasing the time to request the 
first complementation 19. Other authors also obtained reduc-
tion of intensity of postoperative pain by administering ket-
amine before and during surgery 20,21. Nevertheless, they did 
not obtain an improved analgesic effect with ketamine when 
administered before incision or after surgery 22,23. 

Antagonists of NMDA receptors like ketamine may reduce 
central sensitivity and hyperalgesia 3,7-10,24. Ketamine could be 
effective to attenuate cytokines during surgery and improve 
recovery 15,25.

This study investigated pro-inflammatory (IL-6, TNF-α) and 
anti-inflammatory (IL-10) cytokines to check their concentra-
tions with trauma and epidural drugs. Concentrations of inter-
leukins were evaluated 3 hours after surgical incision, since 
production of cytokines is observed within 2-4 hours after tis-
sue injury 26. Epidural S(+)-ketamine before or after surgical 
incision did not promote different plasmatic concentrations of 
IL-6, TNF-α or IL-10. However, IL-6 and IL-10 levels were sig-
nificantly lower in Group 1 in almost all moments. 

Finally, the epidural injection of 25 mg of S(+)-ketamine 
before the incision reduced the pain intensity only 12 hours 
after surgery and did not alter the production of cytokines. The 
maintenance of S(+)-ketamine during postoperative period 
seems to be an interesting proposal to be tested. 

Table III – IL-6, IL-10 and TNF-α Concentrations (95% CI) 

IL-6(pg.mL-1) IL-10 (pg.mL-1) TNF-α (pg.mL-1)
Group 1 (n = 14) Group 2 (n = 15) Group 1 (n = 14) Group 2 (n = 15) Group 1 (n = 14) Group 2 (n = 15)

M0 6.6 ± 12.9
(-0.9 – 14.0)

7.2 ± 11.2
(0.8 – 13.7)

32.4 ± 58.6 
(-1.5 – 66.2)

85.5 ± 150.4 
(2.2 –169.0)

106.0 ± 94.8 
(51.3 – 160.8)

198.7 ± 388.2 
(-16.5 – 414.0)

M3 36.7 ± 50.0 
(7.7 – 65.5)

48.0 ± 57.3
(17.3 – 80.7)

45.0 ± 41.0 
(21.2 – 68.6)

93.0 ± 152.6 
(8.4 – 177.5)

121.1 ± 67.7 
(82.0 – 110.2)

244.2 ± 606.1 
(-91.5 – 580.0)

M6 53.3 ± 26.2 
(28.4 – 56.7)

86.4 ± 64.7 
(50.6 – 122.2)

41.1 ± 50.0 
(12.2 – 70.0)

90.0 ± 144.7 
(10.0 –170.2)

69.6 ± 73.7 
(27.0 – 112.1)

187.2 ± 434.4 
(-53.4 – 427.8)

M12 36.1 ± 28.1 
(19.9 – 52.4)

48.5 ± 34.3
(29.6 – 67.5)

90.0 ± 144.7 
(10.0 –170.2)

77.4 ± 140.4
(-0.36 – 55.2)

93.4 ± 87.7 
(42.7 – 1440) 

150.3 ± 366.2 
(-52.5 – 353.1)

M24 30.9 ± 27.2 
(15.2 – 46.6)

33.2 ± 18.0
(12.3 – 43.1)

34.5 ± 47.4 
(7.2 – 62.0)

73.9 ± 144.5 
(-6.1 – 154.0)

75.0 ± 73.4
(32.6 – 117.4)

154.7 ± 378.8
(-55.0 – 364.5)

Group 1: before incision; Group 2: after incision, M0: before incision, M3, M6, M12 M24: 3, 6, 12, and 24 h after surgical incision; without statistic difference between 
groups, Mann-Whitney test. 
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AVALIAÇÃO DO EFEITO PREEMPTIVO DA S(+)-CETAMINA POR VIA PERIDURAL PARA HISTERECTOMIA:  
CONCENTRAÇÕES PLASMÁTICAS DE INTERLEUCINAS
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