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ABSTRACT. This study explored the sedative and analgesic effects 
of fentanyl combined with propofol via an intrathecal chemotherapy 
injection for acute leukemia (acute lymphocytic leukemia or acute 
myelocytic leukemia) among children, to relieve pain and difficulty 
during intrathecal injection, improve treatment compliance, increase the 
success rate of single puncture, and reduce procedure failure, with the 
aim of developing a painless procedure for children with acute leukemia. 
Fifty person-times received fentanyl combined with propofol via an 
intrathecal chemotherapy injection among the hospitalized children 
with leukemia. The patients’ cooperation with the procedure, response 
to the medication, dosages of fentanyl and propofol, reaction to the 
procedures, wake-up time, and changes in oxygen saturation (SpO2), 
heart rate (HR), respiration, and blood pressure (BP) before, during, 
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and after the procedures were observed. The doctors who performed 
the procedures assessed the quality of sedation and analgesia. In the 
treatment group, the patients were quiet during the lumbar puncture 
and intrathecal injection, showing good sedation and analgesia. HR and 
respiration decreased slightly. There were no changes in SpO2 and BP. 
No obvious respiratory depression occurred with proper dosages. Only 
a few patients showed stertorous respiration, which stopped soon after 
the procedures. In the control group, the patients were agitated, crying, 
and not cooperative before and during the procedures, which made the 
procedures very difficult. During intrathecal injection, pain obviously 
reduced and the success rate of single lumbar puncture increased. It 
is safe and effective to apply fentanyl combined with propofol for 
sedation and analgesia. 
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INTRODUCTION

Due to the advances in chemotherapy for leukemia, the efficacy of treatment for acute 
lymphocytic leukemia (ALL) and acute myelocytic leukemia (AML) has improved signif-
icantly during the last 10 years. Currently, 78-80% of ALL among children can be cured. 
However, the existence of the blood-brain barrier makes it difficult for medicine to pass the 
meninges, meaning that central nervous system leukemia (CNS-L) easily occurs, and this is an 
important cause for relapse. The means to change this situation is to implement chemotherapy 
through intrathecal injection repeatedly at different stages, with the entire treatment course 
requiring about 20 injections. However, this procedure causes a great deal of pain and suffer-
ing for the patients and their relatives. Furthermore, it often fails or causes injury, with delays 
in treatment of cerebral leukemia or multiple attempts in one procedure with difficult puncture 
in late chemotherapy or fear of puncture with a low success rate in treating leukemia (Barbi 
et al., 2005; Nagel et al., 2008; Nguyen et al., 2010). Therefore, it is necessary to develop an 
easily applicable method to relieve the patients’ pain.

MATERIAL AND METHODS

General materials

Fifty person-times who received fentanyl combined with propofol in the intrathecal 
chemotherapy injection among hospitalized children aged 1-14 years with leukemia were col-
lected from January 1, 2008 to November 30, 2009. The patients’ relatives provided informed 
consent before the procedures. 

Conditions for enrollment 
1) In accordance with the criteria for diagnosis of childhood leukemia and in need of 

lumbar puncture and intrathecal injection.
2) The parents were informed and they agreed with the procedures.
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3) No opium was used before the procedures and the patients had no tachycardia or 
insufficiency of the heart, lung, liver, or kidney.  

4) No obvious contradictions to operation.
Exclusion criteria included patients suffering from insufficiency of the liver or kidney 

or those who could not understand or comply with the study procedures.
Materials prepared included propofol, intravenous pump, electrocardiography moni-

tor, oxygen saturation (SpO2) monitor, pulmocardiac resuscitation bag, tracheal intubation 
facilities, and ventilator.

Operation methods included manipulation methods, observation index, observation 
methods, judgment criteria for efficacy or results, and record forms for research.

For statistical processing methods (including computing formula), the SPSS 13.0 soft-
ware was used for processing data that are reported as means ± SD; we performed inter- and 
intra-group comparisons with variance analysis taking α = 0.05 as the test standard, with P < 
0.05 indicating a difference and P < 0.01 indicating a significant difference.

Application methods 

The values of blood pressure (BP), heart rate (HR), and SpO2 the day before the pro-
cedure were taken as basic values. Patients were permitted no food or drinks 1 h before the 
procedure. 

2) The BP, pulse, respiration, and SpO2 were monitored during the procedure. BP was 
monitored with a non-invasive cuff. 

3) In the experimental group, before intrathecal injection, fentanyl (1-2 µg/kg) was 
administered, followed by intravenous propofol (2.0-3.5 mg/kg) 3-5 min later. Propofol (50-
100 µg·kg-1·h-1) was also delivered with a pump while the patients fell asleep, until the muscles 
were relaxed and eyebrow reflex disappeared. Then, lumbar puncture and intrathecal injection 
could be initiated. During the procedure, if the patients were agitated, additional propofol 
could be administered until satisfactory sedation was obtained. Intravenous medication was 
discontinued immediately upon termination of the procedure. The patients were transported 
back to the wards after they woke up, their respiration and circulation were stable and they 
were lucid. During the procedure, pulse, respiration, and SpO2were monitored. Propofol was 
discontinued in cases of SpO2 < 85%. A pulmocardiac resuscitation bag was available for posi-
tive pressure ventilation in case of significant respiration depression. 

Assistant ventilation was necessary in case respiration depression occurred, with a 
progressive decrease of SpO2, cyanosis, and decreased respiration. 

The observation index included degree of anesthesia, HR, changes in respiration, 
wake-up time (response to questions means lucid, wake-up time means duration between time 
when the propofol was discontinued and time when the patients were lucid), and presence or 
absence of agitation. Satisfactory degree of sedation and analgesia was assessed by the doctors 
who performed the procedures. 

Evaluation of the effect of analgesia

Criteria for efficacy

Significantly effective: the patients fell asleep and the procedures could be completed 
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successfully; the monitoring indices, e.g., respiration, HR, and BP were stable; the patients did 
not feel pain [Face, Legs, Activity, Cry, Consolability (FLACC) score 0] and were cooperative 
during the procedures (Ramsay Sedation Score 4 or greater). 

Effective: the patients did not fall asleep, but the procedures could be completed; the moni-
toring indices, e.g., respiration, HR, and BP were stable; the patients felt pain (FLACC score 1 to 3) 
and were not very cooperative during the procedures (Ramsay Sedation Score 2 or 3). 

Ineffective: the procedures could not be completed; the patients felt pain (FLACC 
score 4 or greater) and were not cooperative during the procedures (Ramsay Sedation 
Score 1). 

Effect of analgesia

The observation index included cooperation before the procedure; response to medi-
cation; HR, BP, respiration, and SpO2 before, during, and after the procedure; dose of propo-
fol, satisfaction with sedation and analgesia; wake-up time (response to questions means lucid, 
wake-up time means duration between the time when the propofol was discontinued and time 
when the patients were lucid). Satisfactory degree of sedation and analgesia was assessed by 
the doctors who performed the procedures.

The experimental group (fentanyl and propofol group) did not demonstrate restless-
ness or crying, while these behaviors were observed in 78% of the control group. In addition, 
the experimental group showed good compliance and rapid recovery, with the longest recov-
ery time being 5 min, while the control group demonstrated poor compliance. 

In summary, our results show that there was no agitation or crying observed after 
injection of fentanyl and propofol, and the patients demonstrated good compliance and quick 
wake-up, with the longest observed recovery time being 5 min (Table 1).

There were no significant differences in patient demographics such as age, weight, 
and gender. 

Table 1. Response and sedation quality evaluation scores.

Person-times	      	Response in procedure (person-times)		                      Wake-up time (min)	                           Sedation quality

		 Agitation 	 Forced 	 Cried 	 Heavy	 Res.	 1	 3	 5	 Very 	 Satisfied 	 Not 
					    sweaty	 depression				    satisfied		  satisfied

Experimental group	 0	 0	 0	 0	 0	 5 (9%)	 37 (66%)	 14 (25%)	 48 (85%)	 8 (14%)	 0
   56 times
Control group 	 18 (78%)	 16 (69%)	 16 (69%)	 15 (65%)	 0	 0	 0	 0	 0	 7 (30%)	 16 (70%)
   23 times	

Comparison of BP, respiration, and HR

Measurements taken before and during the procedures showed that BP decreased dur-
ing the procedure, HR increased mildly, and there were no significant changes in respiration. 
There were no significant differences between the two groups (Tables 2 and 3).
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Table 2. Changes in BP during the procedure (means ± SD mmHg).

Person-times		  Systolic pressure			   Diastolic pressure

		 Pre-op 	 Intra-op	 Post-op	 Pre-op 	 Intra-op	 Post-op

Experimental group
   56 times	   87.12 ± 11.05	 82.14 ± 12.01*	   83.24 ± 10.03	 46.21 ± 8.03	 42.76 ± 3.32	 43.18 ± 7.61
Control group
   23 times	 86.36 ± 9.05	 95.56 ± 9.31**	 85.27 ± 8.13	   52.24 ± 11.03	   53.25 ± 9.12*	 51.36 ± 7.03

Compared with those before examination, *P < 0.05, **P < 0.01.

Table 3. Changes in respiration and heart rate (means ± SD).

Person-times 		  Respiration			   Heart rate

		 Pre-op 	 Intra-op	 Post-op	 Pre-op 	 Intra-op	 Post-op

Experimental group
   56 times	   32.12 ± 11.07	 25.17 ± 2.01*	 26.25 ± 7.03	 107.03 ± 7.03	 86.76 ± 11.32	   90.18 ± 9.61
Control group
   23 times	 31.26 ± 8.05	   36.56 ± 9.41**	 35.17 ± 9.13	   109.12 ± 11.05	  115.35 ± 19.02*	 102.16 ± 9.03

Compared with those before examination, *P < 0.05, **P < 0.01.

DISCUSSION

Due to the progress in chemotherapy for leukemia, the efficacy of treatment for ALL 
and AML has improved significantly during the last 10 years. While currently 78-80% of ALL 
among children can be cured, the presence of the blood-brain barrier makes it difficult for the 
medicine to pass the meninges, thus making CNS-L frequent and an important cause of re-
lapse. The solution to this problem is the repeated intrathecal injection of chemotherapy drugs 
at different stages, about 20 times altogether during the entire treatment. However, this proce-
dure causes significant pain and suffering for the patients and their relatives. Furthermore, it 
often fails or causes injury with delays in treatment of cerebral leukemia or multiple attempts 
in one procedure with difficult puncture in late chemotherapy or fear of puncture with a low 
success rate in treating leukemia. 

It is necessary to implement sedation and analgesia via intrathecal chemotherapy injec-
tion to relieve fear and pain and improve control over activities. Otherwise, forced pressure on 
children related to the procedure will cause pain and nervousness for the patients and the rela-
tives, which are not good for the treatment. Furthermore, it is useless to console the children after 
the procedure (Reeves et al., 2004; Lundeberg and Roelofse, 2011; Masala et al., 2011).

The alternatives for sedation and analgesia (Barbi et al., 2005; Yousef and Amr, 2010; 
Borendal Wodlin et al., 2011) include local anesthesia (lidocaine, amethocaine hydrochloride 
mucilage) and general anesthesia (diazepam, midazolam, aethocaine, propofol, sevoflurane). 
Intravenous medication may cause safety problems, such as respiration depression (Yaster and 
Nichols, 2001; Mantadakis et al., 2009; Batra et al., 2010), while local anesthesia in lumbar 
punctures may not work due to patients’ crying (Committee on Drugs and American Acad-
emy of Pediatrics, 2002; Draisci et al., 2009; Baniadam et al., 2010; Shadangi et al., 2011). 
Propofol is an intravenous anesthetic commonly used clinically, which is quickly effective and 
easily controlled. Patients wake up very soon after administration of the medicine is discontin-
ued. It is broadly used for sedation in the pediatric intensive care unit (Gottschling et al., 2005; 
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Leino et al., 2009; Kearns et al., 2011; Rebel et al., 2011) and it is also used in adults for anesthesia. 
It is also reportedly used in the removal of tracheal foreign bodies among children and many types 
of superficial operations. However, we could not find reports of propofol being used via intrathecal 
chemotherapy injection in ALL among children, either in China or in other countries.

With propofol, it is easy to adjust the depth of sedation and to both quickly pass out 
and wake up soon after the medicine is discontinued. There is no significant accumulation 
with administration over a long period of time. However, the medication may depress circula-
tion and respiration. A small dosage of fentanyl can reduce the required dose of propofol, thus 
decreasing the depression of circulation and improving sedation and thereby helping to imple-
ment invasive procedures. Our findings showed that the use of propofol combined with a small 
dose of fentanyl led to good results in children receiving intrathecal injections. The method 
is safe and effective for sedation, and non-narcotic medical professionals can easily grasp the 
usage and dosage of the medicine.
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