
A RANDOMISED CONTROLLED TRIAL COMPARING THE 

EFFECTS OF HONEY VERSUS SUCROSE AS AN ANALGESIA 

DURING ROUTINE VENEPUNCTURE IN NEWBORNS 

BY 

DR KHANISA MD KHALID 

Dissertation Submitted In Partial Fulfillment Of The 

Requirement For The Degree Of Master Of Medicine 

(PAEDIATRICS) 

•... ,li • U(l" 
· .. · t.' \ ul '• 

UNIVERSITI SAINS MALAYSIA 

2011 



ACKNO\VLEDGEMENT 

First of all, many thanks to Allah for His blessings, without which this would not come true. My 

special thanks to Dr Nor Rosidah Ibrahim for her guidance, patience and perseverence in helping 

me to make what initially was impossible to become a reality. Thank you to all those involved in 

this study namely, Assoc. ProfNoraida Ramli, Prof Hans Amin Van Rostenberghc, Dr Fahisham 

Taib, all staff of the Neonatal Intensive Care Unit and Special Care Nursery, HUSM. Finally, to 

my mother, Pn. Hajjah Puteri Hajar, my husband, Ahmad Rom and my bundle of joys, AI Qari, 

Khairina, AI Qais and Khadccja, thanks for the love and supp01t throughout this whole journey. 

ii 



TABLE OF CONTENTS 

I. INTRODUCTION 

2. LITERATURE REVIEW 

2.I Neurobiology and neuroanatomy of pain in neonates 

2.2 Physiology of nociception(pain sensation) 

2.3 Neurochemical system associated with pain perception 

2.3.I Endogenous opiod system 

2.3.2 Tachykinin system 

2.4 Rationale of providing analgesia to neonates 

2.5 Methods of pain assessment in newborn 

2.6 Methods of analgesia for neonates 

2.6.I Pharmacological methods of analgesia 

2.6.1.1 Opiod analgesia 

2.6.1.2 Non opiod analgesia 

2.6. I .3 Local anaesthetics 

2.6.2 Non phannacological methods of analgesia 

2.6.2.I Oral sweet solution 

2.6.2.2 Non nutritive sucking 

2.6.2.3 Breastfeeding 

2.6.2.4 Rocking and holding 

2.7 Sucrose as analgesia 

2.8 Honey and its biological properties 

iii 

PAGE 

2 

5 

6 

7 

8 

8 

9 

10 

I I 

I3 

13 

I3 

I5 

16 

17 

17 

I8 

18 

19 

I9 

21 



3. OBJECTIVES 

3.1 Objectives 

3.2 Null hypothesis 

4. METHODS 

4.1 Research design 

4.2 Study population 

4.3 Inclusion criteria 

4.4 Exclusion criteria 

4.5Ethical approval 

4.6 Outcomes 

4.6.1 Premature Infant Pain Profile (PIPP) 

4. 7 Sample size 

4.8 Randomisation 

4.9 Intervention 

4.10 Statistical analysis 

5. RESULTS 

5 .I Sample characteristics 

5.2 PIPP score between treatment group 

5.3 Duration of cry between treatment group 

5.4 Inter rater agreement of PIPP 

5.5 Adverse effects 

iv 

25 

26 

26 

28 

28 

28 

28 

29 

29 

29 

30 

32 

33 

33 

36 

38 

41 

42 

43 

43 



6. DISCUSSION 47 

6.1 Adverse effects 49 

6.2 Limitations 50 

6.3 Conclusion 51 

6.4 Recommendations 52 

7. REFERENCES 54 

APPENDIX 67 

Flow char1 of research 68 

Patient's information sheet and consent form 69 

Profonna 77 

v 



LIST OF TABLES 

Table 4.1 Premature Infant Pain Profile 

Table 5.1 Perinatal characteristics of78 neonates enrolled in 

this trial 

Table 5.2 Median cumulative PIPP score and duration 

between treatment groups 

Table 5.3 Median PIPP score at 30 and 150 seconds post 

venepuncture 

vi 

PAGE 

31 

40 

44 

45 



LIST OF ABBREVIATIONS 

PIPP : Premature Infant Pain Profile 

EMLA : Eutectic Mixture of Local anaesthetics 

SPSS : Statistical Package for the Social Sciences 

ICC : Intraclass Coefficient 

CI : Confidence Interval 

SD : Standard Deviation 

vii 



ABSTRACT 

TITLE 

A Randomised Control Trial comparing the effects of Honey versus Sucrose as analgesia during 

routine venepuncture in newbom 

OBJECTIVE 

To dctennine the effectiveness and short term side effects of honey as analgesia in comparison to 

sucrose during routine venepuncture in newborn. 

METHODS 

A total of 78 tenn neonates were recmited from the Neonatal Intensive Care Unit and Special 

Care Nursery of Hospital Universiti Sains Malaysia. These neonates were randomized into two 

equal sized group receiving either 2 ml of oral 24% sucrose or 2 ml of Tualang honey 2 minutes 

prior to venepuncture. The whole procedure was videotaped. The degree of pain score using 

PIPP and duration of crying time were determined twice by two independent observer. The 

Mann Whitney U test was used to compare the pain scores and duration of cry between the study 

groups while the Wilcoxon sign rank test was used to compare differences within each group. 
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RESULTS 

The result showed no significant differences in the demographic characteristics of the neonates. 

The median values of PIPP at 30 seconds and 150 seconds were comparable (p value = 0.871) 

between both groups (median PIPP sucrose = 5, 3 median PIPP for honey = 5, 2 respectively). 

The median PIPP score within each group was significantly higher (p value= 0.00) at 30 seconds 

(median =5) compared to at 150 seconds (median = 2.5). The duration of audible cry after 

venepuncture was not statistically significant {p=0.803) in neonates receiving honey (median= 

5.5 seconds) compared to neonates receiving 24% sucrose (median = 4 seconds). No neonates 

developed hyperglycemia, diarrhea or glycosuria in this study. 

CONCLUSION 

In conclusion, this study strongly suggests that Tualang honey is not more effective than sucrose 

for procedure related analgesia in neonates. The absence of adverse effects following the 

administration of small amounts of honey to neonates may facilitate further studies using 

different doses or different types of honey. 
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ABSTRAK 

TAJUK 

Kajian perbandingan secm·a rawak buta mcngcnai madu dan sukrosa scbagai ubat penahan sakit 

semasa pengambilan darah di kalangan bayi baru lahir. 

OBJEKTIF 

Untuk menilai kcberkcsanan dan kesan sampmgan madu sebagai ubat penahan sakit dan 

membandingkannya dengan sukrosa ketika pengambilan darah di kalangan bayi baru lahir. 

TATACARA 

Sejumlah tujuh puluh Iapan bayi yang dilahirkan cukup bulan telah dipilih dari wad intensif dan 

wad penjagaan khas bayi Hospital Universiti Sains Malaysia untuk kajian pengawalan secm·a 

rawak buta. Tiga puluh scmbilan bayi telah diberi 2 ml air sukrosa 24% manakala tiga puluh 

sembilan bayi dibcri 2 ml madu tualang, 2 minit sebelum pengambilan darah. Reaksi bayi 

dirakamkan didalam pita video sepanjang prosedur dijalankan. Skor tahap kesakitan bayi telah 

dinilai menggunakan Premature Infant Pain Profile{PIPP) dan julat masa tangisan bayi telah 

ditentukan dengan melihat pita rakaman prosedur oleh dua orang pcnyelidik secara rawak. 
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KEPUTUSAN 

Keputusan dari kajian ini mcnunjukkan tiada pcrbezaan bcrerti bagi ciri-ciri dcmografik bayi di 

antara dua kumpulan tersebut. Nilai median PIPP pada 30 saat adalah sama di antara kumpulan 

iaitu 5 manakala nilai median PIPP pada 150 saat adalah 3 untuk kumpulan sukrosa dan 2 untuk 

kumpulan madu (p= 0.871 ). Pcrbandingan median PIPP di dalam kumpulan menunjukkan nilai 

median pada 30 saat adalah lebih tinggi berbanding dengan median pada 150 saat (p=O.OO). Nilai 

median julat masa tangisan sclcpas venepunktur adalah sama (p=0.803) di antara bayi yang 

menerima madu (median 5.5 saat) dibandingkan bayi yang mcnerima 24% sukrosa ( median = 4 

saat). Tiada bayi di dalam kajian ini yang menunjukkan kesan sampingan sepet1i kandungan gula 

tinggi dalam darah, cirit birit atau kehadiran gula didalam air kencing . 

KESIMPULAN 

Kaj ian ini menunjukkan bahawa madu Tualang adalah tidak lebih berkesan daripada sukrosa 

sebagai ubat penahan sakit untuk prosedur di kalangan bayi. Ketiadaan kcsan sampingan akibat 

penggunaan madu ini bolch membantu penyclidikan seterusnya mcnggunakan dos dan jenis 

madu yang berlainan. 
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1. INTRODUCTION 

Pain, which is the fifth vital sign, is defined as an unpleasant sensory and emotional experience 

associated with actual or potential tissue damage, according to the International Association for 

the Study of Pain (IASP) (McCaffery M 1999). Newborn infants are subjected to procedural pain 

like venepuncture and heel prick as patt of routine medical procedure. The exposure to these 

noxious stimuli will engender the stress response which has specific negative physiological 

effects (Henry 2004 ). Basically, untreated procedural pain can lead to adverse effect such as 

hyperalgesia on subsequent procedure. 

In realizing the importance of analgesia in the newborn, various methods have been employed 

for amelioration of pain during such procedure. To date, there arc various modes of analgesia 

which can be categorized into non phannacological and phannacological methods. The use of 

local anesthetics such as EMLAS is an example of a pharmacological agent used in treating pain. 

Other interventions like non nutritive sucking with pacifier, breastfceding, rocking and handling 

the newborn during venepuncture has been shown to decrease the pain response in the neonates 

(Henry 2004 ). 

According to a recent Cochrane Review (Yam ada 20 I 0), oral sweet solution such as sucrose can 

significantly confer analgesic effects during minor procedure like venepuncture. Sucrose at a 

concentration more than 24% has been shown to be a safe and effective method of analgesia 
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(Yamada 201 0). It is postulated that this effect takes place via the activation of the endogenous 

opiod system through taste (Blass 1999). 

However, little is known regarding the analgesic effect of another naturally sweet substance­

honey. This study aims to establish the analgesic effect of honey and to compare its effectiveness 

with sucrose as well as to delineate it's safety as an analgesia. Honey forms part of traditional 

medicine in many cultures, although it is widely used as a sweetener (Gomez-Carava 2006). It is 

composed of at least 181 components and is basically a solution supersaturated in sugars, namely 

fmctose (38%) and glucose (31%). Its moisture content is about 17.7% with a total acidity of 

0.08% and ashes content 0.18% (Nagai 2002). 

In addition, there is a great variety of mmor components, including phenolic acids and 

flavonoids, the enzyme glucose oxidase and catalase, ascorbic acid, carotenoids, organic acid, 

amino acid, protein and alpha tocopherol (FctTeres 1993). The actual composition of honey 

varies depending on many factors such as the pollen source, climate, environmental conditions 

and the processing it undergoes (Ghcldof 2002). 

Most of the functional and biological prope11ies of honey are conferred by the phenolic 

compounds in the form of flavonoids as mentioned before. These prope11ics include anti-oxidant, 

anti inflammatory, anti bacterial, anti viral, anti ulcerous and the capacity for the inhibition of 

enzymatic browning in fmits and vegetables (Viuda 2008). These biological properties of honey 
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especially the anti inflammatory and thus analgesic e!Tects of honey will be established in this 

study using a locally derived Malaysian honey- the Tualang honey. This honey will be supplied 

by the Phmmacology Depattment, HUSM after undergoing a process of Gamma irradiation. This 

is done to eliminate all potential microorganisms including spore forming bacteria like 

Closlridium botulinum and yeast. To ensure the safety of honey which will be used in the 

neonatal period, stringent methods of precaution will be taken where samples of honey will be 

cultured prior and after undergoing radiation treatment. 
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2. LITERATURE REVIE\V 

2.1 NEUROBIOLOGY AND NEUROANATOMY OF PAIN IN NEONATES 

Neonatal analgesia is a recent issue: newborns were supposed to feel no pain until the late 

1980's, but from that date many studies were performed to verify the extent of neonatal pain 

perception, ways to measure and overcome it. Neonatal care is advancing to levels where more 

neonates are being offered more invasive intervention and prolonged hospital stay. Needless to 

say, majotity of these interventions arc painful and a specific methods of analgesia need to be 

given and specific guidelines implemented to address this issue of neonatal pain. 

During fetal development in utero, sensory fibers are abundant by 20 weeks; a functional spinal 

reflex is present by 19 weeks; connections to the thalamus by 20 weeks and connections to 

subplate neurons are present by 17 weeks with intensive differentiation by 25 weeks. These cells 

are impor1ant developmentally, but decline as a result of natural apoptosis (Lowery et al 2007). 

Neurobiological studies showed that from 30 weeks in utero, the anatomical and physiological 

system for pain transmission is already developed, with the establishment of mature 

thalamocortical projections from periphery to cortex (Goncalves 20 I 0). 

Pain requires both nociception and emotional reaction or intcqJrctation. It is norn1ally triggered 

by messages transmitted from specialized receptors (nociceptors) in the body to integrative 

centers in the spinal cord and brainstem and on to the brain, where it undergoes higher sensory 

and cognitive analysis, allowing the body to respond appropriately to the stimuli (Slater 2008). 
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Nociception causes physiologic stress with activation of the hypothalamus-pituitary-adrenal axis, 

autonomic nervous system and hemodynamic changes. The changes induced by strong 

nociceptive stimulation in newborn have important postnatal consequences since they affect 

future reactions to noxious stimuli (Taddio 2009). Central sensitization and immaturity of the 

pain inhibitory system are the main neurobiological explanation for increased pain in neonates 

(Goncalves 20 10). 

2.2 PHYSIOLOGY OF NOCICEPTION (PAIN SENSATION) 

Nociccption is related to the mechanisms elicited by stimuli threatening the integrity of the 

individual. At the peripheral level, unmyelinated C fibres (C polymodal nociceptores) or fine 

myelinated A delta fibres are excited by noxious stimulation, directly or indirectly by 

inflammatory processes. Nociceptive afferent fibres tenninate in the superficial laminae of the 

dorsal hom of the spinal cord where infonnations are integrated and controlled. These first 

synapses are modulated by excitatory amino acids (glutamate and aspartate) and many peptides 

(substance P, CGRP, CCK, endogenous opiods). Majority of the ascending pathways involved in 

nociception are located in the ventrolateral contralateral quadrant of the cord (spinoreticular and 

spinothalamic tracts). Many supraspinal sites are activated following nociceptive stimuli, with 

relays in the reticular fonnation of the brain stem (including the subnucleus reticularis dorsalis), 

the ponto-mesencephalic regions (periaqueductal gray matter and parabrachial area) and thalamic 

sites. Amygdala and hypothamic targets could be involved in motivational reactions and 

neuroendocrine adaptations to a noxious event. The cingular, insular and somatosensory cor1ices 

also receive nociceptive informations. Nociceptive signals arc modulated at all levels of their 
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transmission; the more extensively studied controls are located at the spinal level (Guirimand 

1996). Spinal signals can also be inhibited following activation of bulbospinal descending 

inhibitor pathways and release of serotonin, norepinephrine and indirectly, endogenous opiods. 

Inhibitory controls triggered by noxious stimuli could facilitate the extraction of the nociceptive 

tone of inf()rmations having priority over other stimuli (Guirimand 1996). 

2.3 NEUROCHEMICAL SYSTEMS ASSOCIATED WITH PAIN PERCEPTION 

2.3.1 ENDOGENOUS OPIOD SYSTEM 

A research has demonstrated that at 15 weeks of gestation, functionally mature endorphinergic 

cells have been observed in the human fetal pituitary gland (Li et al 1979). By twenty weeks of 

gestation, in vitro stimulation of these fetal pituitary cells by co11icotrophin-releasing factor may 

result in secretion of the beta-endorphins (Gibbs et al 1982). Endogenous opiod are released in 

the human fetus at bi11h and in response to neonatal distress (Gautray et al 1977). A study by 

Wardlaw et al showed that umbilical cord plasma levels of beta-endorphins and beta-lipotropin 

from healthy full-term neonates delivered vaginally have been shown to be three to five times 

higher than plasma levels in the resting adults (Wardlaw el al 1979). In addition to that, neonates 

delivered vaginally by breech presentation or vacuum extraction had further increases in beta­

endorphin levels, indicating beta-endorphin secretion in response to stress at birth (Puolakka et al 

1982). 
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The elevated values of endogenous opiod may have been caused by the stress inflicted by the 

illness, the pain associated with the clinical conditions mentioned above or the invasive 

procedure that the fetus had to undergo. Nonetheless, these high levels of beta endorphin are 

unlikely to decrease the analgesic requirements. This is because the cerebrospinal fluid levels of 

beta endoq)hin required to produce analgesia in human adults have been found to be I 0 000 

times higher than the highest recorded level in neonates (Foley et al 1979). The high levels of 

beta endorphin and beta lipotropin in cord plasma reduces substantially by 24 hours after birth 

and reached adult levels by 5 days, whereas the levels in the cerebrospinal fluid fall to adult level 

by 24 hours (Facchinetti et al 1982). 

2.3.2 T ACHYKININ SYSTEM 

The tachykinins are neurotransmitters which amplify pain perception from the periphery. Among 

the tachykinins, substance P has been widely investigated and shown to have a role in the 

transmission and control of pain impulses (Dickenson 1995). Neural elements containing 

substance P and its receptor appear in the dorsal root ganglia and dorsal horns of the spinal cord 

at 12 to 16 weeks of gestation (Charnay et al 1983 ). A high density of substance P fibres and 

cells have been observed in multiple areas of the fetal brain stem associated with the pathway for 

pain perception and control and the visceral reactions to pain (Del Fiacco 1984). 
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2.4 RATIONALE OF PROVIDING ANALGESIA TO NEONATES 

The ability to communicate about pain allows an individual to seek strategies to ease the pain, 

such as taking analgesics. Unfot1unately, neonates do not possess this ability, thus making them 

vulnerable to prolonged suffering during their stay in the neonatal intensive care unit. The 

difficulty in accurate measurement of pain in the newborn is a major impediment in providing 

effective analgesia for neonates undergoing routine procedure like heel lance and venepuncture. 

Ignored and untreated pain in infants has been shown to have immediate and long-tenn effects as 

a result of structural and physiological changes within the nervous system. For example, the 

body responds to untreated pain by increased release of stress hormones, which may be 

associated with increased morbidity and mortality in the short term (Slater 2008). Furthermore, 

the associated changes caused by untreated pain may result in decrease oxygenation, 

hemodynamic instability and increase in intracranial pressure (Kyoung 201 0). 

In a study by Bellieni et al, it is shown that even common routine procedure like heel prick can 

be potentially harmful for newborn if they provoke high level of pain (Bellieni et al 2009). In this 

study the generation of free radicals in the fonn of advanced oxidative protein product (AOPP) 

and total hydroperoxide (TH) was measured at the beginning and end of each heel prick and the 

level of pain was scored for every procedure. Significant increased in the free radicals was 

observed for those babies who showed highest pain intensity, thus stressing the need for any 

methods of analgesia to provide adequate pain relief during such procedure. 
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Fm1her negative effects of untreated procedural pain was demonstrated by Taddio et al in her 

study on the effect of repeated painful procedure and development of hyperalgesia in the 

newbom. Hyperalgesia is defined as increase in response to a nonnally painful stimulus at a site 

distal from the site of injury. In this study, a total of 240 of both healthy infants and infants of 

diabetic mother were randomized into two groups and were subjected to venepuncture according 

to indications. It was found out that infants subjected to five or more venepuncture exhibit higher 

pain score and were prone to develop remote hyperalgesia (Taddio 2009). Finally, the long-term 

consequences of untreated pain may include altered pain perception, chronic pain syndromes, 

and somatic complaints such as sleep disturbances, feeding problems and inability to self­

regulate in response to intemal and extemal stressors. It has been proposed that attention deficit 

disorders, learning disorders and behavioral problems in later childhood may be linked to 

repetitive pain in pretenn infants (Slater 2008). 

2.5 METHODS OF PAIN ASSESSMENT FOR NEWBORN 

In realizing that pain in the newbom is often underestimated and at times left untreated, various 

different pain scales have been developed and validated specifically for this population. To date, 

several validated and reliable pain measures exist to assess acute pain in tenn and pretenn 

neonates (Abu-Saad 1998). Both behavioral indicators of pain (e.g. facial expression, body 

movements, crying) and physiological indicators of pain (e.g. heat1 rate, respiratory rate, blood 

pressure, oxygen saturation, vagal tone, palmar sweating and plasma cm1isol or cathecolamine 

levels) can be used to assess and manage pain in neonates. 
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It is interesting to note that facial expression is widely used to judge pain in neonates. However, 

little is known about the relationship between intensity of stimulus and nature of expression in 

term neonates. In a recent study by Schiavenato ct al, little difference is noted on the eye and 

eyebrow between pain intensities. The mouth will open wider (ve1tically) in neonates 

experiencing higher pain stimulus. Qualitative differences in neonates facial expression to pain 

intensity may exist and the mouth may be an area in which to detect them. Neve11heless, further 

study regarding the generalizability of these findings is needed (Schiavenato 20 II). 

Assessments that use multi-dimensional measures such as behavioral and physiological changes 

may result in more accurate assessment of neonatal pain (Stevens et al 1996). Composite 

measures of neonatal pain include the following: l) the Neonatal Infant Pain Scale (NIPS) which 

assesses facial expression, cry, breathing patterns, movement of arms and legs and state of 

arousal (Lawrence et al 1993) 2) CRIES that assesses Crying, the Requirement for oxygen 

supplementation, Increases in heat1 rate and blood pressure, facial Expression and Sleeplessness ( 

Krechel & Bildner 1995) 3) the Premature Infant Pain Profile (PIPP) that includes behavioral( 

brow bulge, eye squeeze and nasolabial fun-ow), physiological (change in hem1 rate and change 

in oxygen saturation) and contextual (gestational age and behavioral state before painful 

stimulus)( Yamada 20IO). Based on a review from I996 to 2009, The PIPP continues to be a 

reliable and valid measure of acute pain in infants with numerous positive validation studies. 

There is substantial supp011 for the use of PIPP as an effective measure in pain intervention 

studies in infants (Stevens et al 20 I 0). 
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The latest pain scale to be developed is the COVERS scale, which incorporates 6 physiological 

and behavioral measures for scming. In a study by Hand et al, pain assessment was done on 

newborns during heel prick using indicators fi·mn three previously established scales (CRIES, the 

Premature Infant Pain Profile and the Neonatal Infant Pain Scale) as well as the COVERS scale, 

depending upon gestational age. For premature infant testing, similar results on pain assessment 

was obtained using the COVERS and PIPP scale while tor full term infants, both the COVERS 

and NIPS scale resulted in similar pain assessment (Hand et al 20 I 0). Another pain scale which 

is unidimensional in nature is the NFCS (Neonatal Facial Coding System). It is a valid and 

reliable coding system for quantifying facial actions associated with acute pain in infants 

(Gmnau et al 1990). 

2.6 METHODS OF ANALGESIA FOR NEONATES 

2.6.1 PHARMACOLOGICAL METHODS OF ANALGESIA 

2.6.1.1 Opiod Analgesia 

Analgesia and sedation in Neonatal Intensive Care Unit (NICU) has been fraught with 

controversy because of concern over the safety of these drugs in the neonates, lack of adequate 

phannacokinetic and phannacodynamic data in this population, difficulty in pain assessment and 

lack of long tenn ncurodevelopmental assessment of survivors for the pain experienced in the 

neonatal period (Hall 2009). According to a study by Kapellou, pretenn or ill neonates may 

undergo l-21 heel pricks or venepunctures a day. Heel prick comprise 61% to 87% and 

venepunctures comprise 8% to 13% of invasive procedures perf01med on ill infants. The study 
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