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Abstract

Objective: There are different methods for measuring bilirubin concentration; however, it is quite importantfor practitioners to know which method should be used in certain clinical situations. The present prospectivestudy aimed to compare three different methods for measuring neonatal bilirubin concentrations.
Methods: All full term neonates who were either brought into emergency departments or admitted to theneonatal wards in Kerman city in 2011 were recruited (n=428). The correlation coefficients were estimatedfor the routine ways of bilirubin concentrations including "Capillary", "Cutaneous" and "Laboratory" methods.
Findings: Of 428 recruited neonates, 178 were female. Mean age ±SD was 178±71 hours. The correlationcoefficient for "David Icterometer" vs "JM103" was 0.91, while the corresponding coefficient for "DavidIcterometer" vs "Capillary" was 0.96. It was also equivalent to 0.85 for correlation between "JM103" and"Capillary" methods. The David Icterometer measured an average of 2.36 mg/dl levels of bilirubinconcentration compared to the JM103 method. The Capillary method showed a lower bilirubin level than thevenous concentration (0.91 mg/dl on average). Compared with the "Capillary", the "JM103" measured aslightly higher level of bilirubin with an average 0.57 mg/dl.
Conclusion: Due to low difference (less than 1 mg/dl) between "JM103" and the "Capillary methods" formeasurement of neonatal bilirubin concentration, these two methods could alternatively be used instead ofusual laboratory method.
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IntroductionJaundice is one of the most prevalent clinicalproblems during neonatal period which requiresinterventional treatment[1]. It affects 60% ofhealthy term neonates during the first week oflife[1,2]. Despite the fact that most icteric neonateshave not any other disorders, physicians areworried about the toxic effects of bilirubin onneural cells and the subsequent appearance of

kernicterus which is a chronic, degenerative anddebilitating disease[2,3]. Due to socioeconomicreasons, there is a global agreement on the earlydischarge of healthy neonates from hospitals andif neonatal hyperbilirubinemia was not predictedat this stage, the early discharge of these neonateswill be leading to an increase in the incidence ofkernicterus[5,6].Different methods of measuring the serumlevels of bilirubin are currently used which can be
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categorized into three groups of "Cutaneous"(A non-invasive method of measuring bilirubinprecipitated in the layers of skin by relevantapparatus, "Capillary" (Bilirubin measurementusing a spectrophotometer) and "Laboratory"(The typical method of serum bilirubinmeasurement using chemical reactions).There are only a few studies investigating thecorrelations between the popular and the newlaboratory methods as alternative methods forbilirubin measurement[7]. The apparatus forcutaneous and capillary measurements arecurrently presented in Iran.By achieving this study, the correlation rate ofthese apparatuses has been clearly defined andthere is a chance to test the "JM103" (DraegerMedical System, Inc, Telford, PA) setting and toclarify the functions of the "Capillary" and"Cutaneous" methods of bilirubin measurement indifferent levels for the first time, in Iran. Inaddition, this study suggests replacing theordinary laboratory systems with the "capillary"and "cutaneous" methods as a practical andreliable method to minimize the pain anddiscomfort during blood sampling in neonates.
Subjects and MethodsThis prospective non-blind randomized clinicaltrial study was performed in 3 steps and in 3different locations. Term healthy icteric neonateswithout sepsis or hemolysis enrolled the study.Infants with Rh or ABO isoimmunisation, majorcongenital malformations, hemoglobinopathies,evidence of liver disease or receivingphototherapy 12 hours before study wereexcluded from the study (Fig. 1).

The first step: 120 term healthy infantswithout sepsis or hemolysis were enrolled todetermine the correlation and measurementaccuracy of bilirubin serum level by the 2 methods"laboratory" and "capillary": All the ictericneonates who were brought into the EmergencyDepartment of Afzalipour Hospital of KermanUniversity of Medical Sciences and all the ictericneonates admitted to the neonatal ward of thishospital entered this study. To determine theserum bilirubin level, 2 cc venous blood was taken

from each neonate. The samples were sent to thehospital laboratory. After several minutes, 2capillary samples were taken in capillary tubesfrom the baby's heel and bilirubin measured by abilirubinometer apparatus after centrifugation.The average value of the 2 samples was recordedas the capillary bilirubin level.
The second step: 160 infants involved inevaluating the accuracy and correlation rates ofthe bilirubin level measured by cutaneousmeasurement apparatuses: Healthy neonatesbrought into the clinic to be checked for anypossible jaundice were investigated by 2cutaneous measurement apparatuses, simul-taneously over chest skin, to measure the level ofbilirubin.

The third step: 148 infants enrolled indetermining the correlation and measurementaccuracy of bilirubin level by the 2 methods"cutaneous" and "capillary": This step of the studywas performed at the Imam Hassan MojtabaHealth Center. A blood sample, from the samplestaken for thyroid screening purposes, wasprepared in a capillary tube and was immediatelycentrifuged and analyzed by a bilirubinometer.The bilirubin level was then measured over thethorax of the neonates by cutaneous measurementapparatus. The apparatuses were correlated atthis stage in each working shift according to themanufacturer's guidelines. The neonates, whoexperienced home phototherapy, were excludedfrom the study. We acquired informed consentfrom parents before entering neonates into ourstudy. The research was approved by EthicsCommittee of Kerman University of MedicalSciences.Considering a maximum of 5% as the first typeerror, 20% as the second type error and 4% as theminimum valuable correlation, the sample sizewas estimated to be 65 for the present study. Bycomparing the three methods, the estimated figurewas multiplied by the square root of 2, accordingto which, a sample size of 90 was estimated forcalculating simple correlations. For eliminatingthe effects of at least 2 confounding variables suchas skin color, 20% was added to the estimatedsample size and the final figure of 108 wasestimated as the study sample size.Data was analyzed using Pearson's correlation.The correlation rate of the results of the two othermethods and the method of measurement by
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The first step:* 120 full term healthy infants without sepsis or hemolysis* 2 cc venous blood samples were taken from each neonate. After several minutes, 2 capillary samples were taken incapillary tubes from the baby's heel and were entered into a bilirubinometer apparatus after centrifugation.
The second step:* 160 infants involved for the accuracy of bilirubin level (by cutaneous apparatuses)* Healthy neonates, who were brought into the clinic to be checked for any possible jaundice, were investigated by 2coetaneous measurement apparatuses, simultaneously at their chest, to measure the level of bilirubin.
The third step:* 148 infants for determination the accuracy of bilirubin level by the two methods of "cutaneous" and "capillary"* Blood samples for thyroid screening analyzed by a bilirubinometer apparatus* Measurement of bilirubin level from the thoracic part of the neonates by cutaneous measurement apparatuses

Fig. 1: Randomized Controlled Diagram (RCT)
venous sample (standardized chemical analysis)was then calculated using the linear regressionmethod. In this study the correlation coefficient ofhigher than 0.8 and P value of less than 0.05 wasconsidered statistically significant.
FindingsOf 428 recruited neonates, 178 were female. Meanage ±SD was 178±71 hours. There was nostatistically significant difference between thethree groups of study regarding the age and sex atentrance.A total of 73 neonates were excluded from thestudy because of the hemolysis of their capillaryblood samples. The range of bilirubin levelmeasured in the first, second and the third stage of

the study was 1-30 mg/dl, 1-30 mg/dl and 1-18mg/dl, respectively.Fig. 2 illustrates that the David Icterometerapparatus has measured the bilirubinconcentration averagely 2.36 mg/dl more thanthat measured by the JM103 apparatus. Thisdifference is statistically significant (P<0.001)[1].The correlation coefficient between theconcentrations reported by these two tools is 0.91which is also statistically significant. The figurealso shows that the difference in the concentrationof bilirubin measured by these two apparatuses isseen in almost all ranges of bilirubinconcentration.Fig. 3 shows that the bilirubin concentration incapillary blood sample is averagely 0.91 mg/dllower than that measured in venous sample. Thisdifference is statistically significant (P<0.001). Thecorrelation coefficient between the concentrationsreported by these two tools is obtained as 0.96
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Fig. 3: Comparing the measured bilirubin levels by the capillary and laboratory methods
which is also statistically significant. In addition,this figure shows that the difference in theconcentration of bilirubin by the two tools isalmost seen in all the ranges of bilirubinconcentration reported.Fig. 4 indicates that David Icterometerapparatus has measured the bilirubinconcentration 3.1 mg/dl more than the capillarysamples on average. This difference is statisticallysignificant (P<0.001). The correlation coefficientbetween the concentrations reported by these twotools is 0.85. This difference is more obvious atlower concentrations of bilirubin whilst it is notdetected above the bilirubin concentration of 9mg/dl, and at this level of bilirubin shows a bettercorrelation with the capillary method.Fig 5 indicates also that the JM103 apparatushas measured the bilirubin level averagely 0.57mg/dl more than the capillary samples. Thisdifference is statistically significant (P<0.001).The correlation coefficient between theconcentrations reported by these two tools is 0.89

but the difference pattern among differentconcentrations of bilirubin is almost constant.
DiscussionBecause of the early discharge of neonates fromhospitals, a worldwide concern appeared on theuncontrolled neonatal hyperbilirubinemia and itssequels. In July 2004, The American Academy ofPediatrics proposed a practical protocol to allneonatal surveillance centers as to examine anypossible jaundice in the neonates above 35 weeksof age. It also notified that all neonatal wards mustpossess a practical instruction as to examine andpursue jaundice in neonates[4]. Although thisacademy did not define any methods of bilirubinexamination or measurement, measuring theserum bilirubin level is one of the most commonlaboratory tests carried out in neonates. This test
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Fig. 5: Comparing the measured bilirubin level by the capillary and JM 103 apparatuses

is painful and can put the neonate at increased riskof sepsis. On the other hand, this test is stressfulfor both the neonate and parents and requires alot of time and money. Therefore, a reduction inrepeated blood sampling is very important whichmight be achieved by utilizing the new set ofapparatuses, available on market, for cutaneousand capillary measurement of bilirubinconcentration. Different studies have evaluatedthe sensitivity and accuracy of these tools,according to which different results have beenobtained[7-11].According to the literature review concerningthe role of cutaneous measurement apparatuses, ithas been shown that the "JM103" tool has a goodcorrelation with serum bilirubin level in neonates;however, because of its different error factors, itcannot predict the precise serum bilirubinconcentration and therefore, the cutaneousbilirubin test, on its own, cannot be a reliablecriterion for exchange transfusion orphototherapy in neonates[12].In another study, a comparison was madebetween the accuracy of the two cutaneousmeasurement apparatuses "JM103" and"Bilicheck" in measuring the serum bilirubinconcentration. The accuracy of these two tools onestimating different levels of bilirubin wasassessed and it was shown that a significantcorrelation and similarity existed between theserum and the cutaneous bilirubin concentrationmeasured by these tools.The difference between the level of serumbilirubin and the cutaneous bilirubin measured by"JM103" was 0.7 mg/dl which was also 0.7 mg/dlfor the "Bilicheck" apparatus[13].

Another study compared the correlationbetween the bilirubin levels measured by 9different methods (3 cutaneous measuringapparatuses, 3 photometric apparatuses, 3chemical and laboratory analyses) and concludedthat photometric apparatuses had goodcorrelations with chemical and laboratorymethods; however, when the serum level ofbilirubin is high, the cutaneous measurementapparatuses show a lower bilirubinconcentration[14].The present study showed that the "JM103" hasa significant correlation with the laboratory andcapillary methods and that the bilirubinconcentration measured by this apparatus isaveragely 0.57 mg/dl higher than the capillarymethod and 0.34 mg/dl lower than that measuredby laboratory method (correlation coefficient0.89). This study also showed that the sensitivityand accuracy of the "JM103" was constant amongall the different levels of bilirubin and even onhigh concentrations of bilirubin, it is possible todecide reliably, based on the bilirubin levelmeasured by this apparatus, on the procedures forpursuing the icteric neonates. The "JM103" can,with a high sensitivity, replace the ordinarylaboratory methods of neonatal bilirubinmeasurements, even though the manufacturesetting of this apparatus is set in a way that nomore than 20 mg/dl of bilirubin concentration canbe measured.This study showed that the "David Icterometer"apparatus measured the bilirubin level averagely3.1 mg/dl higher than the capillary method andabout 2.2 mg/dl higher than the serum level invenous samples. This difference is statistically

Difference ofbilirubinlevelmeasured bythe capillaryvs. "JM103"
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significant (P<0.001) and is more obvious in lowerbilirubin levels. At bilirubin levels higher than 9mg/dl, however, the results obtained showed aslight difference and had a better correlation withcapillary method. Although the statistical resultsare indicative of a correlation between bilirubinlevels measured by David Icterometer andcapillary (correlation coefficient 0.85), however,during evaluation of neonatal hyperbilirubinemia,particularly at levels which need interventionaltreatment, this amount of difference in serumbilirubin level is not accepted and can lead toincorrect decisions on presuming jaundice inneonates.This study showed that the capillary methodhas a significant correlation with the laboratorymethod and that the bilirubin level measured isaveragely 0.9 mg/dl less than the serum level(correlation coefficient 0.96). This difference isconstant among the different levels of bilirubinand is independent of its concentration. This studyalso showed that the capillary method can be usednot only as a tool for pursuing jaundiced neonates,is also as a suitable alternative for laboratorymethods. The capillary method, however, isinfluenced by many variables which, in turn, limitits application as a preliminary option inmeasuring neonatal bilirubin as well as itspotential in becoming a suitable alternative forordinary laboratory methods. This method,compared to venous blood sampling, is lessinvasive, causes less pain in the neonate andrequires less talent and experience.To avoid frequent and repetitive bloodsampling, the capillary and JM103 methods can beused, with a high confidence, to measure theneonatal bilirubin level. The David Icterometermethod, however, measures the bilirubin levelaveragely 2.2 mg/dl higher than the serum levelwhich, from a clinical point of view, is a significantdifference and, at higher bilirubin levels, can leadto wrong decisions in pursuing jaundicedneonates.We had some limitations to our study. First ofall, we excluded newborns that were exposed tophototherapy. Therefore, our results could not beused for newborns who received phototherapy.Second, we excluded neonates with prematurity,sepsis, hemolysis or liver disease. Therefore, ourstudy could not be used for sick or pretermnewborns.

ConclusionThe JM103 apparatus has a significant correlationwith the serum bilirubin level without a notabledifference between the apparatus-measured andthe actual serum bilirubin level. Therefore, atbilirubin concentrations less than 20 mg/dl, thisapparatus can be used both as a monitoring tooland as an alternative for routine laboratorymethods of bilirubin measurement. The JM103technique can be used as the primary method inassessing jaundice in neonates; however, atbilirubin levels higher than the limits of thisapparatus or levels requiring interventionaltreatments such as phototherapy or exchangetransfusion, the capillary method could, instead,be used as the first option in investigating jaundicein neonates.Considering the fact that healthy neonates withnormal peripheral perfusion were investigated inthis study to assess the accuracy and sensitivity ofcutaneous bilirubin measuring methods, it seemsthat the results of this study cannot beextrapolated to sick or premature neonates.Further studies on sick and premature neonatesare, therefore, recommended.
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