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Abstract

Aim. To critique the evidence that corroborates the use of oral sucrose solution administered prior to routine immunizations to provide analgesia in infants aged 2 months to 1 year. 

Background. Routine immunizations are the most common painful procedure that infants experience in outpatient clinical practice. Providing analgesia for minor painful procedures in infants is an important part of clinical and ethical care. Injection pain in infancy increases anxiety in infants, parents and nurses. Avoidance of immunization pain is a concern for the public health as decreased immunization rates can cause outbreaks of vaccine preventable diseases.
Design. A limited integrated literature review.

Method. Searches of CINAHL (1982 – current), MEDLINE (1991-current), Google Scholar (1992-current) and the Cochrane Database of Systemic Review. 

Results. Five randomized controlled trials were selected with a total of 547 subjects. 

Conclusions.  Studies indicate that oral sucrose administered prior to routine immunizations is a safe, convenient, fast acting and cost effective intervention to reduce crying time and behavioral indicators of pain in healthy infants, aged 2 months to 1 year.
Relevance to clinical practice. Health care providers should consider using oral sucrose solution routinely prior to administration of routine immunizations. 

Key words: infant*, immunization*, injection*, needle procedure*, pain management, pain control, analgesia, pain intervention, sucrose therapeutic use, glucose, sucrose, sweet, solution*.  

Background


The development and administration of immunizations has prevented untold suffering and innumerable deaths around the world. Unfortunately, most immunizations require a potentially painful injection. The World Health Organization (WHO) estimates that over 800 million immunizations are given world wide in one year (2000). The state of Florida’s immunization requirements follows the Centers for Disease Control (CDC) guidelines. According to these guidelines, a child can receive as many as 18 injections by the time they are 15 months old (2011). 


Neonates are unable to dampen incoming pain stimulus because of the immaturity of their nervous system. Therefore, they feel more pain than adults from the same stimulus (Taddio, 2008). Tansky and Lindberg assert that infants do feel and remember pain and can have an increased response to painful procedures later in life (2010).


Feelings of guilt and helplessness are experienced by parents when their infants are subjected to painful immunization procedures (Gaskell, Binns, Heyhoe & Jackson, 2005). In a willingness to pay study by Meyerhoff, Weniger and Jacobs, it was found that parents were willing to pay $80 for their children to avoid receiving 3 or 4 injections. This study demonstrates the concern that parents have regarding the immunization pain their children must undergo (2011). Many parents may delay the recommended immunizations because they fear their child will experience pain when receiving the injections. This could potentially cause an increased chance of outbreaks or epidemics of vaccine preventable diseases (Luthy, et al. 2009; Taddio, et al. 2007). When outbreaks occur, containment costs can be significant. In the 2008 measles outbreak in San Diego, California, $176,980 public health dollars were spent to investigate and contain the disease (Sugarman, Barksey, Delea, Ortega-Sanchez, Bi, Ralston, Rota, Waters-Montijo and LeBaron, 2010). In the 2004 measles outbreak in Iowa, $142,452 was spent to contain the disease. It could cost millions to contain a community outbreak (Dayan, Ortega-Sanchez, LeBaron, Quinlisk and the Iowa Measles Response team, 2005). These two cases demonstrate the major cost to public health agencies as well as the possibility of undermining measles elimination (Sugarman, et al., 2010). 


Nurses inflict more pain that any other health care professional (Nagy,1999). They find it difficult to inflict pain on young patients and experience stress when they must administer immunizations to children (Gaskell, et al, 2005; Ives and Melrose, 2010). The most common coping mechanism used by nurses when having to inflict pain on patients is to distance themselves from the patient. This detachment can result in a decrease in nurse sensitivity and deny nurses the satisfaction of patient involvement (Nagy, 1999). 


The pain of immunizations can cause anxiety and distress in patients, parents and nurses. The deferral of immunizations by parents to avoid emotional distress and pain to their children can reduce immune protection and lead to increased disease burden for public health (Meyerhoff, et al., 2011). An analgesic should be effective, easy to use, fast acting, affordable and have no adverse side effects. 


The use of sucrose has been studied extensively for its calming effects in newborns undergoing the painful procedures of heel lance, injections and venipuncture. It is recommended for routine use prior to painful procedures in that population. (Hatfield, L., 2008). However, there has not been as much research in the effects of sucrose in the population of infants beyond the newborn stage. In order to decrease the pain, anxiety and distress caused by routine immunizations, the purpose of this paper is to answer the PICOT Question: In infants receiving routine immunizations, how does using oral sucrose solution prior to injections compared to using placebo or no treatment  affect pain response  at the time of administration? 

Methods
Randomized clinical trials (RCT) examining the utilization of oral sucrose prior to the administration of routine immunizations in 2 month to 24 month old infants were identified using electronic databases. CINAHL (1982-current), MEDLINE (1991-current), Google Scholar (1992 – current) and The Cochrane Database of Systemic Review were explored. 


Key words used in the search were: 

· children, infant*, 

· immunization*, injection*, needle procedure*, 

· pain management, pain control, analgesia, pain intervention, 

· sucrose therapeutic use, glucose, sucrose, sweet, solution*.

Search items included in the criteria were randomized clinical trials (RCT), healthy Infants aged 1 month to 24 months undergoing routine immunizations and oral sucrose or glucose administered prior to immunization. Excluded criteria were newborns, sick, ill or hospitalized children. A rapid clinical appraisal questionnaire was used to determine the level of evidence in each study (Melnyk & Fineout-Overholt, 2011, p.114).

 Results

Four thousand four hundred fifty nine studies were identified using the search strategy described in the Method Section. The studies retrieved were those that studied healthy infants aged one to eighteen months undergoing routine immunizations that received oral sucrose prior to the procedure. Five randomized placebo controlled trials (RCTs) were selected for the purposes of this limited literature review. 

Table 1 - Characteristics of randomized controlled trials meeting inclusion criteria
	Primary Study, Country
	Design, Level of Evidence, Sample
	Characteristics of Intervention
	Results

	Lewindon, et al. (1998) Australia
	Randomized, double blind, placebo controlled trial 
Level-II

107 healthy infants attending for 2,4, or 6 month immunizations.
	Infants received 75% sucrose solution or sterile water by mouth before injections. Pain was measured by crying time and Oucher scale. 
	The average (mean) duration of the first cry was reduced from 42 to 29 seconds (p<0.0003), the average (mean) total sum of cry time in the was reduced from 59 to 36 seconds (p<0.000008) in the first 3 minutes, and the average (mean) duration of cry from start to finish was reduced from 69 to 43 seconds (p<0.00002). The mean Oucher scale nurse scores were 43/100 to 35/100 (p<0.02) and parents from 54/100 to 47/100 (p<0.1, not significant). All three measures showed a 35-40% reduction in cry time in infants receiving the sucrose solution prior to immunizations. 

	Ramenghi, et al. (2002)

United Kingdom 
	Randomized, placebo-controlled trial
Level-II

184 healthy, full-term infants aged 8-20 weeks that were receiving their 1st, 2nd or 3rd set of immunizations (DTP and HIB).


	The infants randomly received one of four solutions:  sterile water (placebo), 25 or 50% sucrose, or Lycasin (sweetener found in paracetamol solution.  

Pain was measured with cry time.
	Kruskal-Wallis test indicated that crying time was less for babies receiving the 50% sucrose solution (19.4, 15.6, and 13.9% respectfully). For the 1st and 3rd immunization groups, crying time was highest for babies receiving placebo (42.5 and 52.8% respectively). The difference in crying time between the 50% sucrose solution and placebo was most evident in the 3rd immunization group (13.9 and 52.8% respectively).

The Mann-Whitney U test results showed crying time was significantly reduced in the group that received the 50% sucrose solution compared to the placebo group (adjusted p=0.0303, 95% CI= -50.0 to -6.7%). 

Secondary analysis:

For the 3 immunization groups, the percentage of crying time after receiving the HIB injection was the lowest in the 50% sucrose solution group (19.4,17.8, 19.4%) and highest in the group receiving placebo (35.6, 38.9, 60.0%) 

Crying time was less for babies receiving the sucrose solution during all 3 immunization episodes.

	Reis et al. (2003) United States of America 
	Randomized, controlled, clinical trial.

Level -II

Infants (aged 6 to 16 weeks) presenting for their 2-month immunizations. Intervention group (n=56), Control group (n=60).

116 total participated.
	Infants were given a bottle with 25% sucrose to suck 2 minutes before the injections. After finishing the solution, the infants continued to suck on wither the bottle or a pacifier.

Parents were instructed to hold the infants on their laps through-out the procedure. 

Pain was measured with cry duration.
	Cry time, injection time, and parent and nurse assessments were measured with a nonparametric test (Mann-Whitney)

The average (median) first cry duration was 19.0 (5.8-62.8) seconds for the intervention (I) group compared with 57.5 (31.0 – 81.5) seconds for the control (C) group (P=.002, Mann-Whitney Test). The intervention (I) group had significantly shorter median first cry and total cry durations than the control (C) group. Strong evidence that distributions of first cry duration differed significantly between the Intervention(I) and control (C) groups. The 95% CI for this treatment was from -11 to -42 seconds. 

Combining sucrose, oral tactile stimulation (Non-nutritive sucking), and parental holding produced reduced initial and total cry time in infants receiving multiple immunizations. 

	Hatfield (2008a) United States of America
	Randomized, controlled, clinical trial.

Level - II

Total of 40 healthy, full-term infants were studied (aged 2 – 4 months) (Intervention=20, Control=20) 
	Infants received 24% oral sucrose solution and NNS or control solution of sterile water 2 minutes before routine immunizations at both 2 and 4 month, well child visits. 

Infants were held in the parents’ laps.

Instrument used – University of Wisconsin Children’s Hospital (UWCH) pain scale(which consists of 5 measurement characteristics – cry, facial expression, behavioral, body movement, and sleep).
	At 2 minutes following solution administration, both sucrose and sterile water showed the highest mean pain score (4.54 and 4.39 respectively) indicating a severe amount of pain. At 5 minutes, the sucrose group returned to near normal at 0.27 while the placebo group remained at 3.02 indicating a difference of 90.9%.

A statistically significant difference was found between sucrose and  water for the change in pain response from baseline to 5 minutes following treatment administration (P<0.0001)

NNT - 2

Oral sucrose is an effective intervention for decreasing behavioral pain responses in infants receiving multiple immunizations. 

	Hatfield, et al. (2008b) United States of America 
	Prospective, randomized, placebo-controlled clinical trial
Level-II

100 healthy, term infants age 2 or 4 months receiving routine immunizations.
	2 minutes prior to administration of immunizations, experimental group (n=38) received 24% oral sucrose and pacifier, and the control group (n= 45) received sterile water. 

Pain was measured using the University of Wisconsin children’s Hospital (UWCH) Pain scale 
	The mean difference in pain scores between the sucrose and sterile water and 95% confidence interval (CI) at baseline was -0.02 (P=.926), at 2 minutes was -1.83 (P<.0001), at 5 minutes was -1.34 (P<.001), at 7 minutes was -1.01 (P<.01), and at 9 minutes was -2.16 (P<.001). At 9 minutes. 

The intervention (I) group receiving sucrose had mean behavioral pain response scores that were significantly lower (P<.001) and had returned closer to baseline than the control (C) group’s scores.

Internal consistency reliability (Cronbach’s alpha) measures were obtained for the UWCH Pain Scale for each of the 5 time points from baseline to 9 minutes. At baseline, Cronbach’s alpha was r=.992 (n=92) and ranged from .911 to .988 for the other 4 time periods (2-9 minutes).


Plain Language Summary

Oral sucrose provides analgesia in healthy infants presenting for routine immunization.
Oral sucrose has been shown to be a cost effective, fast acting analgesic in newborns undergoing painful procedures such has heel lance, veni-puncture and injections. Five RCTs with 547 subjects were examined to determine the efficacy of oral sucrose versus placebo in infants aged 2 months to 6 months receiving routine immunizations. From the results gathered from the evidence, oral sucrose solution administered 2 minutes prior to receiving routine immunizations significantly reduces pain in infants in the first year of life. 
Solutions and Amounts Used

In the 5 trials, sucrose was used on 85% of the subjects and Hydrogenated glucose on 15%. The sucrose strengths ranged from 24% to 75%. The amounts of solutions used ranged from 2 ml. to 10ml. 

Table 2 – Strength and amount of solution used
	Solution used
	Amount of solution used
	Number of subjects

	24% sucrose
	2 ml
	58 (19%)

	25% sucrose
	10 ml
	56 (18%)

	25% sucrose
	5 ml
	46 (15%)

	50% sucrose
	5 ml
	45 (15%)

	4% hydrogenated glucose
	5 ml
	46 (15%)

	75% sucrose
	2 ml
	54 (18%)

	
	
	305 (100%) total


Additional Interventions Studied


In all of the studies, parents were encouraged to hold and cuddle their child. In 2 of the studies (n=291), non-nutritive sucking (NNS) was optional, and usage was low. In 3 of the studies (n=256), NNS was encouraged by the use of pacifier or bottle. In the article by Ramenghi, Webb, Shevlin, Green, Evans and Leverne it was noted that a synergistic effect may exist with pacifiers and sweet tasting solutions in the analgesic effect in infants (2002). 

Ages Range of Subjects and Number of Injections


The subjects that participated in the studies were healthy infants presenting for routine immunizations. One study looked only at 2 month olds, 3 studies looked at 2 and 4 months old and 1 study looked at 2, 4 and 6 month olds. None of the studies included infants presenting for routine 12 or 18 month immunizations. The numbers of immunizations administered studied were 2 in two studies, 3 in two studies and 4 in one study. 
  

Pain Measurement and Use of Sweet


In the two studies using the University of Wisconsin Children’s Hospital (UWCH) Pain Scale, it was found that there were 78.5% and 90.9% difference in mean pain scores between the oral sucrose and placebo(Hatfield, 2008; Hatfield, Gusic, Dyer and Polomano, 2008). In the three studies using cry time as a measurement of pain, it was found that there was a decrease of total cry time of 10 and 26 seconds between the intervention and control groups respectively in the Reis, Roth, Syphan, Taebell and Holubkov and Lewindon, Harkness and Lewindon studies (2003; 1998) and higher median percentage of crying time for babies receiving placebo in the study by Ramenghi, Webb, Shevlin, Green, Evans and Levene (2002).

Limitations of Evidence

Comparing the 5 studies point by point was difficult because of the use of different methods to measure pain in the infants. 3 of the studies used pain scales (UWCH and Oucher) and 2 of the studies used cry time. In the 2 studies that measured cry time, one study listed the seconds of crying and the other study listed percentage of time crying. All studies allowed the infant to sit on the parent’s lap during the injections, but there was no consistency in the use of NNS. There were also inconsistencies in the amount and concentrations of the sweet solutions administered which made it impossible to determine the dosage that would provide an optimal analgesic effect.
Recommendations for Practice

PICOT Question: In infants receiving routine immunizations, how does using oral sucrose solution prior to injections compared to using placebo or no treatment affect pain response at the time of administration?  From the results gathered from the evidence, oral sucrose solution administered 2 minutes prior to receiving routine immunizations significantly reduces cry time and behavioral pain response in infants in the first year of life.

Health care providers that treat children are obligated to minimize the pain and discomfort of medical procedures whenever possible. The most common painful procedures experienced by pediatric patients are immunization injections. To be accepted in busy pediatric health care practices, pain reduction techniques must be convenient, low cost, easy to administer, fast-acting and acceptable to patients and parents alike. The administration of oral sucrose prior to injections is effective, convenient and inexpensive and should be adopted as part of routine care. The dissemination of this information to all health care providers is vital and can be hastened by the education of parents of infants. When the rationale of the treatment is explained to parents, they will hopefully expect and demand pain reduction techniques be used whenever painful procedures are anticipated in health care settings. 

Local state health departments are hesitant to institute the use of this evidence based intervention in their immunization departments. Submission of a policy change to state leaders in the Department of Health with subsequent follow-up will hopefully cause the wheels of progress to begin to turn. 

The use of sucrose as a pain reduction technique in older children and adolescents warrants future studies. In addition, a multi faceted approach to pain and anxiety reduction using sucrose and other techniques could be explored in needle phobic adults.       
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