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Abstract 

 

Ef fec t s  o f  pos topera t i ve  pa t i en t  con t ro l l ed  ep idu ra l  

a n a l g e s i a  i n  p e d i a t r i c  p a t i e n t s  u n d e r g o i n g  l o w e r  

e x t r e m i t i e s  s u r g e r y  

 

Jae-Kwang Shim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Yong-Taek Nam) 

 

Background: There has been limited number of studies of 

postoperative epidural analgesia in pediatric patients, mostly 

dealing with spinal or abdominal surgeries where multiple 

dermatomal segments needed to be blocked and morphine was 

used either through caudal approach or direct catheter 

placement by the surgeon.  This study evaluates the safety 

and efficacy of postoperative continuous patient controlled 

epidural analgesia in children undergoing orthopedic lower 

extremities surgery using bupivacaine and fentanyl mixture via 

lumbar approach in order to minimize untoward side effects.  

Method: 40 ASA class I or Ⅱ patients between the ages of 5 

and 12 years were randomly allocated into two groups; one 

group receiving conventional pain medications (intramuscular 

injection of ketorolac 1 mg/kg t.i.d. and meperidine 0.5 mg/kg 

p.r.n.) and the other group receiving patient controlled epidural 

analgesia.  The epidural catheter was inserted at the lumbar 

intervertebral space in lateral recumbent position after 
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induction of general anesthesia.  The composition of the 

analgesics was 0.1% bupivacaine + fentanyl 2 µg/ml in 100 ml 

of normal saline.  The volume of the initial bolus was 1 

ml/segment in children between the ages of 5 and 10 years and 

(age in years) × ml/10/segment in children older than 10 years 

of age.  The basal infusion rate was 0.1 ml/kg/hr and the 

volume of the bolus was 0.05 ml/kg with a lock-out time of 30 

minutes.  Pain scores were measured 3 times with a 

standardized pain scale with questions regarding side effects; 

upon arrival at the ward, 6 hours thereafter and 24 hours after 

the first measurement.  Results: The pain scores were 

significantly lower in the epidural group (p < 0.01) with 

minimal side effects requiring no further treatment (including 

no voiding difficulties in the epidural group).  There was a 

significant correlation between the number of bolus and the 

incidence of nausea/vomiting in the epidural group (r = 0.624, 

p < 0.01).  Conclusion:  By placing the epidural catheter at 

the dermatomal level of the surgery via lumbar approach and 

using the highly lipophilic fentanyl instead of morphine, this 

study showed the safety and efficacy of the patient controlled 

epidural analgesia using low concentrations of bupivacaine and 

fentanyl in pediatric patients undergoing orthopedic surgery at 

the lower limbs. 

______________________________________________________________ 

Key Words: patient controlled epidural analgesia, pediatric, 

lower extremities surgery 
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Ef fec t s  o f  pos topera t i ve  pa t i en t  con t ro l l ed  ep idu ra l  

a n a l g e s i a  i n  p e d i a t r i c  p a t i e n t s  u n d e r g o i n g  l o w e r  

e x t r e m i t i e s  s u r g e r y  

 

Jae-Kwang Shim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Yong-Taek Nam) 

 

 

I. Introduction 

 

 In the past, there have been misconceptions about pain in 

children.  It was believed that children neither felt pain as 

much as adults nor remember it afterwards.  Nowadays, it has 

been well established that pain causes suffering and 

physiologic abnormalities in children similar to those that occur 

in adults. 

 Although the beneficial effects of adequate postoperative 

epidural analgesia compared to systemic analgesia in 

attenuating various stress responses in children have been 

suggested1, there is only limited number of studies with 

postoperative epidural analgesia in pediatric patients2-6 for the 

fear of side effects of the opioid used7, technical difficulties 

and complications associated with epidural catheter placement8. 

 Furthermore, these studies have dealt only with spinal and 

abdominal surgeries where morphine was used and multiple 

dermatomal segments needed to be blocked.  There are 
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currently no articles dealing with lower extremities surgery 

and fentanyl as the epidural opioid where exact tailoring of the 

dermatomal level could result in fewer side effects of the 

opioid used. 

 This study evaluates the safety and efficacy of postoperative 

continuous epidural analgesic drug infusion using fentanyl and 

bupivacaine mixture in pediatric patients undergoing orthopedic 

lower extremities surgery. 
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Ⅱ. Materials and methods 

 

1. Patient population 

 

 Forty ASA class I or Ⅱ patients between the ages of 5 and 

12 years scheduled for elective orthopedic lower extremities 

surgery from July, 2001 to October, 2001 were randomly 

divided into two groups; one group receiving conventional pain 

medications by the department of orthopedic surgery, usually 

intramuscular injection of ketorolac 1 mg/kg t.i.d. and 

meperidine 0.5 mg/kg p.r.n. (control group) and the other 

group receiving patient controlled epidural analgesia (epidural 

group).  The starting point of the analgesics was immediately 

after the emergence of anesthesia in both groups. 

 

2. Anesthetic technique and catheter placement. 

 

 All patients were premedicated with glycopyrolate 0.004 

mg/kg i.v. and were brought to the operating room after 

ketamine 1 mg/kg i.v.  After the induction of general 

anesthesia with thiopental 5 mg/kg i.v. and vecuronium 0.1 

mg/kg i.v., the airway was secured with an endotracheal tube 

and the patients’ lungs were mechanically ventilated with a 

tidal volume of 10 ml/kg and a respiratory rate of 16 - 20 

breaths/min in order to maintain normocarbia according to the 

capnography.  Anesthesia was then maintained with isoflurane 

and patients were positioned to left lateral recumbent position 

for epidural catheter insertion. 

 An 18 gauge Tuohy needle with 20 gauge multiorifice epidural 

catheter was used and the needle was passed through either 
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L2/3, L3/4, L4/5 or L5/S1 intervertebral space using loss of 

resistance technique.  The catheter was placed 3 to 5 cm into 

the epidural space either cephalad or caudad direction in order 

to bring the tip of the catheter at the dermatomal level of the 

surgery. 

 

3. Epidural infusion 

 

The authors have used aimplus®  (ABBOTT, Chicago, IL, 

USA) infusion pump and each continuous infusion was a 

mixture of fentanyl 2 µg/ml and 0.1% bupivacaine in 100 ml of 

normal saline. 

 The composition of the initial bolus was the same as the 

continuous infusion and was given immediately after the 

emergence of anesthesia.  The volume of the initial bolus was 

1ml per segment in patients between the ages of 5 and 10 

years and (age in years) × ml/10 per segment in patients older 

than 10 years of age. 

 The basal infusion rate of the mixture was 0.1 ml/kg/hr and 

the patient controlled bolus was 0.05 ml/kg with a lock-out 

time of 30 minutes. 

 After initiation of the continuous infusion of epidural 

analgesics, all patients were monitored in the recovery room 

with pulse oximetry and noninvasive blood pressure 

measurements for 1 hour to detect signs of respiratory 

depression or hypotension. 

 

4. Data collection  

 All patients were evaluated by an anesthesiologist before the 

day of the surgery and were explained of the questionnaire 
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with a standardized pain scale in the presence of their parents 

(Fig.1).  The patients were asked to record the pain scores 

for three times; upon arrival at the ward, 6 hours thereafter 

and 24 hours after the first measurement.  The parents were 

asked to fill out the questions regarding side effects and 

number of boluses administered.  Adjuvant intramuscular 

injection of meperidine was considered as bolus in the control 

group.  An anesthesiologist collected the questionnaires 2 

days after the surgery. 

 

5. Statistical analysis 

 

 Data were analyzed with SPSS® 10.0 (SPSS Inc., Chicago, IL, 

USA) statistical software using t-test and Chi-square test.  

A p value of < 0.05 was taken to be statistically significant. 
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Fig. 1 Pain scale and questionnaire 

 

 

 

 

Date:          Begin of the surgery/end of the surgery:            

Unit no:              Name:             Sex/Age: 

Wt./Ht.:              Dx.:              OP name: 

Catheter at L  /  .  Upward/downward       cm. 

Composition: 0.1% bupivacaine + fentanyl 2µg/cc 

Basal rate: 0.1 ml/kg/hr,   Bolus: 0.05 ml/kg(lock time:30min) 

Initial bolus (injected after emergence): 1ml/segment(5-10 year-old), 

(Age in years) ml/10/segment ( > 10 year-old) 

 

l Scoring according to the pain scale: 

1). Upon arrival at the ward:.       .( at rest      ,  moving      ) 

2). After 6 hours:                 ( at rest      ,  moving      ) 

3). After 24 hours:.               .( at rest      ,  moving      ) 

l Pruritus:  Y/N: if yes → is further treatment necessary?     .. Y/N 

l Nausea / Vomiting: Y/N: if yes→is further treatment necessary? Y/N 

l Voiding difficulty:  Y/N 

l Time and number of boluses: 
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Ⅲ. Results 

 

 The ages, weights, duration of the surgical procedure and 

number of bolus did not differ significantly between the 2 

groups (Table 1). 

 The range of depth from skin to epidural space was 1.7 to 2.8 

cm.  There were no epidural technique related complications 

such as accidental dural puncture and none of the patients in 

the epidural group developed respiratory depression or 

hypotension while being monitored in the recovery room. 

The pain scores of the epidural group were significantly 

lower at all measurements compared to the control group (Fig. 

2, 3, 4). 

 The incidences of pruritus, nausea/vomiting and voiding 

difficulty were statistically insignificant between the two 

groups and no further treatments were necessary (Table 2).  

None of the patients in the epidural group had voiding difficulty, 

however two patients in the control group had voiding difficulty 

on the first postoperative day but there was no statistically 

significant correlation with the number of bolus administered 

(intramuscular meperidine injection). 

 Among the epidural group, there was a significant correlation 

between the number of bolus and the incidence of 

nausea/vomiting (r = 0.624, p < 0.01). 
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Fig 2. Comparison of pain scores upon arrival at the ward. 

Student t-test was used to compare the values (p<0.01).  

Values are mean ± SD. 

 

 

Fig. 3. Comparison of pain scores after 6 hours from the first 

measurement.  Student t-test was used to compare the values 

(p<0.01).  Values are mean ± SD. 
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Fig 4. Comparison of pain scores after 24 hours from the 

first measurement.  Student t-test was used to compare the 

values (p<0.01).  Values are mean ± SD. 
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Table1. Demographic data of patients 

 Epidural group  

(n = 20) 

Control group    

(n = 20) 

p value 

Age (years) 007.75  ±  02.45 007.30  ±  02.13 NS 

Weight (kg) 028.85  ±  09.82 028.65  ±  08.43 NS 

Height (kg) 124.40  ±  16.43 120.00  ±  12.74 NS 

Duration (min) 187.00  ±  25.21 182.30  ±  22.01 NS 

Number of bolus1 001.95  ±  2.560 002.00  ±  01.49 NS 

Student t-test was used to compare the values (p<0.05).  

Values are expressed as mean±SD.  NS: Not significant.  
1 Bolus consists of 0.5 ml/kg of 0.1 % bupivacaine + fentanyl 2 

µg/ml in the epidural group and meperidine 0.5 mg/kg i.m. in 

the control group. 

 

Table 2. Incidence of complications related to analgesics 

 Epidural group   

(n = 20) 

Control group   

(n = 20) 

p value 

Pruritus 5 4 NS 

Nausea / Vomiting 6 3 NS 

Voiding difficulty 0 2 NS 

Chi-square test was used to compare the values (p<0.05).  

Values are number of patients.  NS: Not significant. 
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Ⅳ. Discussion 

 

 The mainstay for the postoperative pain relief in pediatric 

patients is still nurse-administered intramuscular injection of 

opioid in Korea, despite the availability of more effective 

techniques such as intravenous opioids and epidural analgesics, 

because of technical difficulty and fear of opioid related side 

effects.  In the recent 10 years, there has been number of 

studies showing the safety and efficacy of epidurally 

administered analgesics2-6 in pediatric patients and our results 

also showed significant pain relief with minimal side effects. 

 The reason the authors selected pediatric patients undergoing 

orthopedic surgery to the lower limb was that the sensory 

segments that need to be blocked are limited to L1 to S1.  

Hence, having the advantage of needing to block limited spinal 

segments and the possibility of obtaining complete 

postoperative pain relief without side effects by correct 

positioning of the epidural catheter and proper dosing of the 

drugs.  Caudal approach could also be favored in terms of 

technical practicability but there remains the possibility of 

catheter dislodgement and urinary retention by blocking the 

sacral plexus9, especially when using opioids.  We have 

chosen the lumbar intervertebral space to take the advantage 

of sparing the sacral plexus and still obtain adequate pain relief 

by precise tailoring of the spinal segments.  Therefore, the 

determination of the volume of the epidurally administered 

bolus would be of paramount importance.  There are some 

recommendations for the volume of the epidurally administered 

local anesthetics per spinal segment10, 11 and in our study, we 

used the formulae by Schulte-Steinberg11 and obtained 
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adequate pain relief without urinary retention.  Our choice of 

fentanyl instead of morphine was based on the high lipophilicity 

of the drug, therefore having the potential advantage of 

blocking more limited segments at the site of the injection12.  

We have chosen the lower limit of the recommended infusion 

rate of 0.1% bupivacaine + fentanyl 2 µg/ml13, based on our 

clinical experience with Korean patients being more sensitive 

to systemically and epidurally administered morphine and on 

our preliminary cases having severe nausea/vomiting with 3 

µg/ml of fentanyl mixture. 

For the reasons mentioned above, we were able to obtain 

significantly lower pain scores in the epidural group at all 

measurements with minimal opioid side effects, which required 

no further treatment or adjustment of the dosing. 

There are many articles about measurement of pain in 

children and since it is considered reliable to use numeric 

rating scale in children older than 5 years of age14-17, we used 

the standardized pain scale2 and limited our study population to 

children older than 5 years of age.  But in 2 of the 20 patients 

in the epidural group with both being 5 years old, despite both 

children appear to be satisfied in our and their mothers’ 

opinions, when they were asked to check the pain scale, the 

scores were between 5 and 8.  This limitation may have 

contributed to the reversal of the pain scores considering the 

standard deviation in figures 3 and 4 at moving.  Even though 

it did not have an effect on the overall p value (< 0.01), there 

should be a more objective way to assess the severity of pain 

in children, which takes the parents opinions into account. 

In 8 children of the epidural group who underwent either hip 

or ankle surgery where only 2 or 3 segments needed to be 
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blocked, complete analgesia was achieved without any bolus 

requirements with the pain scores ranging from 0 to 2 points.  

However, in 3 patients who underwent contracture release 

with incisions ranging from L1 dermatome to S1 dermatome, 

their pain scores were ranging from 2 to 8 points on the first 

postoperative day, requiring 6 to 8 boluses and they all had 

either pruritus or nausea / vomiting or both in the same group.  

With our data showing significant correlation between the 

number of epidurally administered boluses and the incidence of 

nausea/vomiting, boluses consisting of local anesthetics 

without fentanly might have been more suitable to avoid 

untoward opioid side effects in surgical procedures requiring 

more than 5 segments coverage.  Since the recommended 

continuous infusion rate of the local anesthetics and opioid 

mixture is according to the weight13 and not the spinal 

segments, there should be individual alterations of the infusion 

rate of the local anesthetics or the opioid dosing according to 

the spinal segments to obtain complete pain relief without side 

effects, yet it merits further prospective clinical investigations. 
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Ⅴ. Conclusion 

 

By placing the epidural catheter at the dermatomal level of 

the surgery via lumbar approach and using the highly lipophilic 

fentanyl instead of morphine, this study showed the safety and 

efficacy of the patient controlled epidural analgesia using low 

concentrations of bupivacaine and fentanyl in pediatric patients 

undergoing orthopedic surgery at the lower limbs.  Together 

with the result that the number of epidurally administered 

boluses having significant correlation with the incidence of 

nausea / vomiting, this study suggests that drugs and dosing 

for epidural analgesia should be individualized to the type of 

surgery in order to obtain complete postoperative pain relief 

without side effects. 
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국문요약 

 

하지 수술을 받는 환아에서 경막외 자가통증조절 요법의    

유용성 

 

 통증은 소아환자에서도 성인환자와 유사하게 고통과 생리적인 변

화를 유발한다는 사실들이 제기되면서, 소아환자들의 수술 후 통증

조절에 있어서 전통적인 진통제 근주 이외에 경막외 약물주입법등

에 대한 유용성과 안정성이 연구되어왔다.  그러나 지금까지의 대

부분의 연구들은 경막외 통로를 통하여 여러 척수분절을 차단 해야 

하는 척추나 복강내 수술을 대상으로 하였으며 사용된 약제도 

morphine 이 주로 사용 되었다.  또한 소아에서 경막외 약물을 주

입하기 위해 기술적으로 용이한 미추 접근법이 시도되어왔다.  이

에 본 연구에서는 하지 수술을 받는 소아들에게서 요추 접근법으로 

bupivacaine 과 fentanyl 을 사용한 경막외 자가통증조절 요법의 

안정성과 유용성에 대하여 연구하고자 하였다.  5 에서 12 세 사이

의 ASA class 1 또는 2 의 환아들을 대상으로 하였으며, 대조 군

에서는 수술종료 후 ketorolac 1 mg/kg t.i.d. 와 meperidine 0.5 

mg/kg p.r.n. 근주 하였고, 경막외 군에서는 0.1% bupivacaine 과 

fentanyl 2 µg/ml 를 생리 식염수 100 ml 에 혼합하여 0.1 

ml/kg/hr 로 지속 주입하였다.  경막 외 카테터는 전신 마취 후, 측

와위에서 요추 접근법으로 수술부위 척수분절에 삽입하였다.  경막

외로의 초기 일회용량은 마취 회복 직후, 5 에서 10 세 환아의 경우 

1 ml/분절을, 10 세 이상인 경우 (연령) ml/10/분절을 주입하였으

며, 자가조절 가능한 일회용량은 0.05 ml/kg/30min 으로 하였다.  

통증의 정도는 병실 도착 직후, 병실 도착 6 시간 후 그리고 수술 

다음날로 모두 3 회, 0 – 10 점까지의 시각 통증 등급으로 측정하였

으며 동시에 통증조절에 따른 부작용 발생 유무를 함께 관찰하였다.  

경막외군에서 모든 측정시기에서 유의하게 낮은 통증 점수를 보였

으며 (p < 0.01), 부작용도 경미하였다.  경막외 추가 주입 일회용
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량의 횟수와 오심/구토의 빈도사이에 유의한 상관관계를 보였다 (r 

= 0.624, p < 0.01).  결론적으로 하지수술을 시행 받은 소아환자

에 있어서 수술부위에 해당되는 선택적인 척수분절에 위치시킨 경

막외 카테터 삽관을 통한 fentanyl 자가통증조절요법은 고식적인 

근주를 통한 통증조절에 비해 효과적이고 안전한 통증조절방법이 

될 수 있음을 알 수 있었다. 

______________________________________________________________ 

핵심 되는 말: 경막외 자가통증조절, 소아, 하지수술 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


