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Background: Immune responses appear to be affected by anesthetics and analgesics. We investigated the 
effects of caudal tramadol on the postoperative immune response and pain management in pediatric patients.

Methods: Sixty ASA-I pediatric patients aged 3-10 years undergoing lower abdominal surgery. Patients were 
randomly assigned either to a caudal bupivacaine (0.25%) group (group B), or a group that received caudal 
tramadol (1 mg/kg) added to the bupivacaine (0.25%) (group T). Both were diluted in a 0.9% NaCl solution 
to a total volume of 1ml/ kg. The systemic immune response was measured by collecting blood samples 
preoperatively, at the end of anesthesia, and at 24 and 72 hours postoperatively, and studied for interleukin 
IL-6, C-reactive proteins (CRP) cortisol levels, and leucocytes with its differential count. Postoperative pain 
was assessed along with sedation scales.

Results: Postoperative production of IL-6 was significantly higher in group B at the end of anesthesia, than 
at the 24th hour, and at the 72nd hour in group B and group T, respectively. The immune response showed 
leukocytosis with increased percentages of neutrophil and monocytes, and a decreased lymphocyte response 
rate within both groups with no significant differences between the groups. Cortisol and CRP were significantly 
higher in group B.

Conclusions: Adding tramadol to a caudal bupivacaine block can attenuate the pro-inflammatory cytokine 
response, Cortisol, and CRP in children undergoing lower abdominal surgery. (Korean J Pain 2018; 31: 206-14)
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INTRODUCTION

Caudal anesthesia is one of the most commonly used re-

gional anesthesia techniques for postoperative pain relief 

in children [1]. Prolongation of the duration and potency 

of analgesia by using this technique has been achieved by 

adding various opiates which, in turn, can affect the im-

mune response [2-6]. It is well-known that postoperative 

immune response to surgery is influenced by a variety of 

factors, including age, surgery, anesthetics, and pain 

management, including age, surgery, anesthetics, and pain 

management [7,8].

Opioids have been reported to suppress the immune 

system, whereas pain can depress the immune function 

through its direct effect upon the hypothalamic-pitui-

tary-adrenal (HPA) system, and the suppression of natural 

killer cells [9]. Volk et al. have mentioned that epidural 

opioids used for better analgesia can modulate the post-

operative immunity reaction [10]. It is already known that 

opioids as additives to local anesthetics for analgesia aug-

mentation and prolongation aren’t devoid of side effects 

[11], and in both animal and human studies, opioids can 

carry some deleterious effects on this aspect [12]. As op-

posed to morphine, tramadol could have the ability to in-

crease natural killer cell activity and hence offer potential 

immune-protective effect [13,14].

Opioids can be used to reduce surgical stress which, 

in turn, induces immune dysfunction, however perioper-

ative immunosuppression should be minimized to facilitate 

recovery from surgery without complications. We have 

tried to investigate how caudal tramadol could modulate 

such a response in pediatric patients.

MATERIALS AND METHODS

The study was approved by the Local Research Ethics 

Committee of the College of Medicine of Assiut University 

(IRB000087400), and registered in ClinicalTrials.gov 

(NCT02703415). 

An informed parent’s consent was obtained. Sixty 

children of American Society of Anesthesiologists (ASA) 

physical status I, aged 3-10 years were enrolled in this 

double-blind prospective, comparative clinical study. All 

participants underwent elective lower abdominal surgeries 

in the Children’s Hospital of Assiut University. Patients 

were excluded if they had any coagulation disorder, allergy 

to local anesthetics, major malformations of the lower 

spine, or any cutaneous or subcutaneous lesion at the site 

of injection. 

Children were randomly and equally assigned into one 

of two groups, group B (bupivacaine) or group T 

(bupivacaine with tramadol mixture). Randomization was 

achieved through a web-based randomizer (https://www. 

randomizer.org/). According to randomization, the anes-

thesia technician prepared the studied drug used for the 

caudal block under completely aseptic conditions in a sol-

ution of 1ml/kg with a maximum total volume of 20 ml of 

the studied medications, diluted in 0.9% NaCl. The pre-

pared solution contained bupivacaine (0.25%) in group B 

and bupivacaine (0.25%) in addition to tramadol (1 mg/kg) 

in group T. The maximum total dose obupivacaine was 2 

mg/kg in both groups. 

Premedication was achieved by 0.5 mg/kg oral mid-

azolam 45 m before induction of anesthesia. Standard 

monitoring included five leads of ECG, noninvasive blood 

pressure, temperature, pulse oximetry for oxygen satu-

ration, exhaled end-tidal CO2, and muscle relaxation via 

a peripheral nerve stimulator. 

Induction of anesthesia was done through a face mask 

using sevoflurane in oxygen, then a 22-gauge intravenous 

catheter was inserted on the dorsum of the hand, and pe-

ripheral venous blood was sampled (for a preoperative 

sample). An intravenous fluid of dextrose 5% in normal 

Saline 0.9% (3-5 ml/kg/hr.) was administered; and tra-

cheal intubation was facilitated with cisatracurium 0.1 

mg/kg. After the securance of the endotracheal tube, the 

patient was placed in the lateral decubitus position (on the 

right side) with the hips and knees flexed at a right angle. 

A consultant anesthesiologist performed the caudal 

block under complete aseptic conditions using the loss of 

resistance technique without guidance from ultrasonography. 

Anesthesia was maintained with a sevoflurane in oxy-

gen/air mixture (1：1 ratio) and cisatracurium 0.05 mg/ 

kg/dose. The patient was placed in the lateral decubitus 

position (on the right side) with the hips and knees flexed 

at a right angle. At the end of the surgery, a peripheral 

venous blood sample was taken, and the neuromuscular 

block was antagonized by neostigmine (50 mcg/kg) with 

atropine (20 mcg/kg) before extubation. Then, patients 

were transferred to the post-anesthesia care unit (PACU).
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Table 1. FLACC Score

Score 0 Score 1 Score 2

Face No particular expression or 
smile

Occasional grimace or frown, withdrawn, 
uninterested

Frequent to constant quivering chin, clenched 
jaw

Legs Normal position or relaxed Uneasy, restless, tense Kicking, or legs drawn up
Activity Lying quietly, normal

position, moves easily
Squirming, shifting, back and forth, 

tense
Arched, rigid or jerking

Cry No cry (awake or asleep) Moans or whimpers, occasional complaint Crying steadily, screams or sobs, frequent complaints
Consolability Content, relaxed Reassured by occasional touching, 

hugging or being talked to, distractible
Difficult to console or comfort

1. Data collection

The primary outcome is the implication of caudal tramadol 

upon postoperative interleukin 6 (IL-6) in pediatric patients 

(as a part of immune response) undergoing lower abdomi-

nal surgery.

The secondary outcomes included the pediatric ob-

servational FLACC (Face, Legs, Activity, Cry, Consolability 

scale) pain scale (Table 1), time to the first rescue an-

algesia, the sedation scale, hemodynamic variables, and 

any adverse effects during the first 24 hours after surgery.

1) Systemic immune response 

The peripheral venous blood samples were collected at the 

four-time points (preoperative, at the end of anesthesia, 

as well as 24 and 72 hours after surgery), for IL-6 

assesment. The differential white blood cell count (WBC), 

serum cortisol, and C-reactive protein (CRP) were in-

spected, as well in the same blood samples. Interleukin- 

6 concentration was measured from a plasma sample which 

was centrifuged immediately after separation and stored at 

−70oC for not more than two months, and non-competitive 

ELISA technique (A vibionhuman-orgenum, Rev 4.10) was 

used. Differential neutrophil, lymphocyte, and monocyte 

counts were attained using an ABX Micros 60 OT cell coun-

ter (RAB180 CEN). Serum cortisol concentration was meas-

ured using a chemiluminescent microparticle immunoassay 

(ARCHITECT, United States: 1-877-4ABBOT). Serum high 

sensitive (CRP) level was measured using an Accu-bind 

sandwich ELISA kit (mono bind inc, USA. code3125-300). 

2) Clinical variables of postoperative analgesia 

Postoperative pain was scaled through the pediatric ob-

servational FLACC pain scale [15], at 2nd, 4th, 8th, 12th, and 

24th hours. Time to first analgesia request (duration of an-

algesia) was recorded. When patient’s FLACC pain scale 

was ＞ 4, paracetamol in a dose of 15 mg/kg was adminis-

trated and recorded.

3) Sedation scale 

It included (0 = eye opens spontaneously, 1 = eye opens 

in response to verbal stimulation, 2 = eye opens in re-

sponse to physical stimulation, and 3 = unarousable) was 

also measured along with pain. 

4) Hemodynamic variables 

Heart rate (HR), mean arterial blood pressure (MBP), and 

peripheral oxygen saturation (SPO2) were recorded before 

the induction of anesthesia, every 5 m intra-operatively, 

every 30 minutes for 120 minutes after transfer to PACU, 

hourly for the first 12 hours, and every two hours for the 

next 12 hours. 

5) Side effects 

Side effects, e.g., vomiting, pruritus, respiratory depres-

sion, motor weakness (unable to stand unaided after three 

hours of recovery from anesthesia), and urinary retention, 

all were observed and recorded. 

Intraoperative and postoperative follow-up of patients 

was done by an anesthetist who was kept blind to the ran-

domization process. Parents were also kept blind to the 

randomization.
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Fig. 1. CONSORT flow
diagram

Table 2. Patient's Characteristics and Clinical Outcomes in the Two Studied Groups

Variables Group B (n = 30) Group T (n = 30) P value

Age (years) 
Body weight (kg)
Gender (male/female)

5.3 ± 1.3
18 ± 7.9

16/14

5.75 ± 1.3
20.5 ± 7.6

19/11

0.25
0.29
0.61

Diagnosis
  Ectopic kidney
  Stone kidney
  Cystolithotomy
  Re-implantation of the ureter

14 (46.70%)
6 (20.00%)
8 (26.70%)
2 (6.70%)

12 (40.00%)
9 (30.00%)
6 (20.00%)
3 (10.00%)

0.74

Duration of anesthesia (min) 92.5 ± 9.6 95.5 ± 9.7 0.26
Duration of operation (min) 88.12 ± 11.43 89.05 ± 13.87 0.34

Data are expressed as mean ± SD, ratio, or percentage. Group B (Bupivacaine only), Group T (Bupivacaine with Tramadol).

2. Statistical analysis

A calculated sample size of 28 would have an 80% power 

to detect a difference of 20 % in IL-6 changes after 24 

hours postoperatively between groups (primary outcome 

variable) with a type I error of  = 0.05 using a confidence 

interval of 95%. Thirty patients were enrolled in each group 

to compensate for any dropouts during the study. 

Statistical analysis was done using the computer program 

IBM, SPSS (Statistical Package for Social Sciences), 

Version 20. Normality of data distribution was evaluated 

with the Kolmogorov-Smirnov test. Data were expressed 

as mean, median, range, standard deviation (SD), num-

bers, or percentages as appropriate to the type of this 

data. Categorical variables were analyzed using the 

chi-square (2) test. Continuous parametric variables were 

analyzed using an unpaired Student’s t-test. Nominal and 

non-normally distributed variables were analyzed through 

a Mann-Whitney U test. A P values ＜ 0.05 was consid-

ered statistically significant.

RESULTS

A total number of 60 patients were randomly enrolled in 

this study (Fig. 1). There were non-significant differences 

between groups regarding age, body weight, gender, and 

duration of anesthesia or type of surgery (Table 2). 

Group T showed significantly lower IL-6 levels during 
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Table 3. Systemic Immune Response Items

Variables Group B (n = 30) Group T (n = 30) P value

Interleukin-6 (ngL−1)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

26.2 ± 5.6
33.2 ± 4.2
35.6 ± 4.3
25.5 ± 4.6

25.4 ± 4.3
27.6 ± 4.5*
29.2 ± 4.3*
18.8 ± 4.7*

0.55
＜0.001*
＜0.001*
＜0.001*

Cortisol (nmolL−1)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

129 ± 42.3
199.5 ± 64.9
164.2 ± 48.6
140.7 ± 27.8

119.3 ± 22.9
172.1 ± 56.7
142.9 ± 31.2

120 ± 25

0.28
0.09
0.048*

＜0.001*
CRP (mgL−1)

Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

4 ± 2
23.4 ± 5
17.4 ± 5
12.9 ± 5.5

4.38 ± 2.2
18.90 ± 3.2
12.90 ± 3.2
11.31 ± 5.6

0.67
＜0.001*
＜0.001*

0.26

Data are expressed as mean ± SD. Group B (Bupivacaine only), Group T (Bupivacaine with Tramadol). *P value ＜ 0.05 was considered 
statistically significant.

Fig. 3. Postoperative sedation scale.

Fig. 2. Postoperative pain profile by FLACC (face, legs, 
activity, cry, and consolability) scale.

the whole postoperative study period than group B; how-

ever, levels of IL-6 were increased in both groups at the 

end of anesthesia and at the 24th hour, then gradually de-

creased by the 72nd hour, postoperatively. It was noticed 

that by the 72nd postoperative hour, the IL-6 level in group 

T showed a much greater decrease below its corresponding 

preoperative basal value than its decrease in group B 

(Table 3). 

On the other hand, serum cortisol levels were in-

creased within both groups. These increases were sig-

nificantly higher in group B than group T at the 24th hour 

(P = 0.048), and at the 72nd hour (P ＜ 0.001). CRP also 

markedly increased within the two groups in all post-

operative readings, and was significantly higher in group 

B than group T (P values ＜ 0.001) by the end of anes-

thesia and at the 24th hour (Table 3).

The blood picture also showed leukocytosis with in-

creased percentages of neutrophil and monocytes at the 

end of anesthesia, and at the 24th and 72nd hours post-

operatively, without a significant difference between the 

groups. Lymphocytes continued to decrease in both groups 

in the postoperative period, without significant differences 

in between (Table 4). 

FLACC pain scales were lower in group T, with sig-
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Table 4. Changes in Total and Differential Leucocytes in the Two Studied Groups at Different Times

Variables
Group B
(n = 30)

Group T
(n = 30)

P value

Leucocytes (×−9L−1)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

5.74 ± 1.12
8.40 ± 1.62
7.23 ± 2.11
6.24 ± 2.21

6.03 ± 1.31
9.23 ± 2.20

7.8 ± 1.84
6.6 ± 1.93

0.83
0.68
0.91
0.73

Neutrophils (%)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

42.72 ± 2.30
54.96 ± 3.44
58.91 ± 3.61
59.32 ± 4.40

40.93 ± 3.52
52.81 ± 3.25
53.42 ± 2.86
60.12 ± 3.12

0.48
0.69
0.35
0.86

Lymphocytes (%)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

42.51 ± 2.13
33.67 ± 2.41
26.23 ± 1.96
25.51 ± 2.50

41.37 ± 3.12
31.54 ± 2.93
24.23 ± 2.51
27.50 ± 2.66

0.92
0.73
0.52
0.46

Monocytes (%)
Preoperative
At the end of anesthesia  
24th hour postoperatively
72nd hour postoperatively

5.41 ± 0.42
5.53 ± 0.36
6.62 ± 0.52
6.56 ± 0.36

5.64 ± 0.31
5.64 ± 0.63
5.96 ± 0.62
6.68 ± 0.61

0.81
0.74
0.49
0.79

Data are expressed as mean ± SD. Group B (Bupivacaine only), Group T (Bupivacaine with Tramadol). *P value ＜ 0.05 was considered
statistically significant.

Table 5. Clinical Variables of Postoperative Analgesia 

Group B (n = 30) Group T (n = 30) P value

Duration of analgesia (hours) 7.16 ± 1.88 9.56 ± 2.25 ＜0.001*
Total Paracetamol (mg) 729.66 ± 278.36 513 ± 208.21 0.001*
Frequency of Paracetamol injection (15 mg/kg)

Single time
Two times
Three times

6 (20%)
15 (50%)

9 (30%)

15 (50%)
12 (40%)

3 (10%)

0.03*

Data are expressed as number (percentage). Group B (Bupivacaine only), Group T (Bupivacaine with Tramadol). *P value ＜ 0.05 was 
considered statistically significant.

nificant differences at the 2nd, 4th, and 12th hours post-

operatively in group T as compared to group B (P value ＜ 

0.001, P value = 0.003, and P value = 0.003 respectively), 

(Fig. 2). 

Time to the first analgesia request was significantly 

longer in group T compared to group B (P value ＜ 0.001); 

subsequently, the dose of rescue analgesia was sig-

nificantly higher in group B compared to group T (P value = 

0.001). The frequency of paracetamol injections was sig-

nificantly higher in group B compared to group T (Table 5). 

Postoperative sedation scales at different intervals 

were identical, with no significant difference among all pa-

tients within the two groups (Fig. 3). 

None of the patients showed hypotension or brady-

cardia during the period of the study. No other complica-

tions (hematoma, postoperative agitation pruritus, respi-

ratory depression, urinary retention, or motor weakness) 

were seen in either of the two groups. 
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DISCUSSION

In this study, caudal epidural analgesia with tramadol and 

bupivacaine in children undergoing lower abdominal sur-

gery has resulted in a modulation of surgery-induced im-

mune response. Tramadol can influence the postoperative 

immune response as it has central analgesic properties 

with opioid- and non-opioid-like properties [16].

Both groups in our study showed leukocytosis with an 

increased neutrophil and monocyte percentage, but with 

non-significant differences. The lymphocyte response rate 

was slightly more depressed within the tramadol group, but 

with a non-significant difference. Our results are in 

agreement with the earlier reports which showed the ability 

of tramadol to decrease lymphocyte proliferative response 

after surgery [17,18]. 

The insignificant difference between both groups could 

be explained by previous studies which found that tramadol 

has a potential immune-protective effect [13]. Sacerdote 

et al. mentioned that tramadol has less immune inhibitory 

action than morphine during the postoperative period in 

cancer patients [18]. In our study, there was an increase 

in the postoperative levels of IL-6, CRP (indicators of 

acute-phase and inflammatory mediator responses), and 

cortisol levels, and such increases were significantly less 

evident in tramadol patients. These results are in agree-

ment with other studies which stated that tramadol could 

enhance secretion of IL-2 and Natural Killer cell activity 

[13,19]. These finding may also be related to the post-

operative pain experienced by patients in each group. 

Caudal tramadol in our study significantly provided 

more effective pain relief as noticed by the lower post-

operative FLACC pain scales at the 2nd, 4th, and 12th h, and 

a prolonged duration of analgesia compared to the other 

group, as well as a subsequently lower dose of rescue 

analgesia. 

Optimal and longer postoperative pain relief could be 

an explanation for lower levels of IL-6 within the tramadol 

group, especially that these types of inflammatory media-

tors are correlated to the hyperalgesic states [20,21]. 

Thus, increased production of pro-inflammatory cytokines 

may contribute to more severe pain and vice versa [19]. 

In a comparative study done by Senel and his colleagues, 

caudal bupivacaine 0.25% (1 ml/kg) with the addition of 

Tramadol 1.5 mg/kg has resulted in significantly longer 

postoperative analgesia duration of 13 ± 2.2 h, and these 

results agree with our finding [21].

An important goal of modern anesthesia is not only to 

provide balanced anesthesia but also to provide a good 

quality of pain relief. Ease of its performance and reli-

ability make the caudal block the most commonly per-

formed block in children [22]. The analgesic effect of a 

single injection of caudal bupivacaine often ends early 

within the postoperative period, as the drug has a limited 

duration of action [23].

Therefore, more than 60% of children undergoing low-

er abdominal surgery with the aid of a caudal block require 

further analgesia [24-26]. On the other hand, tramadol, 

when it was injected as an adjuvant to bupivacaine into 

the epidural space (caudal block), offered a longer duration 

of analgesia because of its well-known sustained release 

from the epidural fat, and other relatively poorly perfused 

tissues [27]. Güneş et al. [28] compared caudal versus in-

travenous tramadol (2 mg/kg in both groups) as regards 

to its analgesia in 134 children (1-3 years old) undergoing 

Hypospadias repair. They concluded that caudal tramadol 

had provided better and longer analgesia than intravenous 

tramadol. 

Our results were in contrast to the finding of Prosser 

and his colleagues [29], who demonstrated that caudally 

administered tramadol could act slowly, and its addition to 

bupivacaine did not offer an additional benefit, and hence 

there was no need for its injection into the caudal space. 

We think that our results are different because of the type 

of operations (our patients underwent lower abdominal 

surgeries, whereas the patients in Posser et al. underwent 

hypospadias repair). Also, our study's operative duration 

was longer, so that there was a sufficient time to allow 

the beneficial effect of tramadol to be seen. Moreover, our 

patients were of a different age group (an older age), and 

a different pain assessment tool was used. Murthy and his 

co-workers [30], studied the pharmacokinetics of tramadol 

and denoted that caudal tramadol's systemic absorption is 

slow, so that its therapeutic blood level may be too low 

to offer the desired effect.

We did not observe any serious adverse effects, and 

our minor complication rates were very low, and com-

parable in the two studied groups. These results are in 

agreement with studies which reported the safety of caudal 

tramadol [28,31].

We did not evaluate the local effect of immune re-

sponse change upon the wound healing due to poor com-
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munication with participants in our locality after discharge 

from the hospital. The caudal block was done under the 

loss of resistance technique without the guidance of 

ultrasonography. We did not measure tramadol serum lev-

els at different time points. We recommend a further study 

of tramadol's immune system modulation upon wound 

healing, and the incidence of infection upon a larger num-

ber of participants. 

We conclude that a caudal block adding tramadol (1 

mg/kg) to bupivacaine significantly attenuated pro-in-

flammatory cytokine response to surgery and augmented 

the duration and intensity of postoperative analgesia in 

children undergoing lower abdominal surgery, with a 

greater effect than bupivacaine alone, with minor adverse 

actions.
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