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ABSTRACT

Objective: This study aimed to compare invasive neonatal jaundice measurement methods (total bilirubin from venous
blood, total bilirubin in blood gas, and microcapillary neonatal bilirubin from the heel) with the non-invasive Felix von
Luschan skin color scale test.

Material and Methods: The study was performed on 110 newborns admitted to the neonatal intensive care unit of
Adiyaman University Training and Research Hospital, Turkey, because of jaundice. The non-invasive Felix von Luschan
skin color scale test was compared with other, more invasive neonatal jaundice measurement methods.

Results: The Felix von Luschan skin color scale test was found to have a significant relationship with other diagnostic
methods (p<0.001) and deemed practical for the diagnosis of this disease.

Conclusion: The timely diagnosis and management of neonatal jaundice are essential to prevent acute bilirubin
encephalopathy and kernicterus. The Felix von Luschan skin color scale test is a non-invasive method that is reliable, fast
and inexpensive. This method can be used for the diagnosis of neonatal jaundice.
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Amac: Bu calismanin amaci invaziv neonatal sarilik élgtim yéntemleri (ven6z kandan toplam bilirubin, kan gazindaki
toplam bilirubin ve topuktan mikrokapiller neonatal bilirubin) ile invaziv olmayan Felix von Luschan Deri Rengi Skalasini
karsilastirmak.

Gereg ve Yéntemler: Bu calisma, Adiyaman Universitesi Egitim ve Arastrma Hastanesi, yenidogan yogun bakim
Unitesine sarilik nedeniyle bagvuran 110 yenidogan Uzerinde gergeklestirildi. invaziv olmayan Felix von Luschan Deri
Rengi Skalasi diger invaziv yenidogan sarilik 6lcum ydntemleriyle karsilastirildi.

Bulgular: Felix von Luschan deri renk skalasi testinin diger tani yéntemleri ile anlamli bir iligkisi oldugu (p <0.001) ve bu
hastallk tanisinda yararl oldugu bulunmustur.

Sonug: Yenidogan sariliklarinin zamaninda teshis ve tedavisi, akut bilirubin ensefalopatisini ve kernikterusu dnlemek icin
gereklidir. Felix von Luschan ten rengi testi, glvenilir, hizll ve ucuz bir ydntem olan, invaziv olmayan bir yéntemdir. Bu
yontem yenidogan sarilidi tanisi icin kullanilabilir.

Anahtar Sézciikler: Bilirubin, Felix von Luschan Deri Rengi Skalasl, Yenidogan sariligi, Non-invaziv
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INTRODUCTION

Neonatal jaundice, a yellowish discoloration of the sclera and
skin in newborn babies due to serum bilirubin levels above 5
mg per dL, is a frequently encountered problem (1). Neonatal
jaundice is one of the most common conditions in newborn
infants, occurring in approximately 60% of full-term infants in
the first two weeks of life (2).

Severe hyperbilirubinemia or jaundice increases the risk
of complications or brain disorders in neonates. These
complications include a wide range of mild-to-severe clinical
conditions such as bilirubin-induced neurologic dysfunction,
bilirubin encephalopathy or acute bilirubin encephalopathy, and
kernicterus (3). Consequently, the early diagnosis of infants at
high risk of severe hyperbilirubinemia plays an important role
in facilitating the timely and appropriate prevention of disease
within the first 14 days of birth (4).

Bilirubin levels can be checked by biochemical methods,
a bilimeter, or a transcutaneous bilirubinometer (5).
Spectrophotometry is the basis of the bilimeter, which
assesses total bilirubin in the serum (6). The transcutaneous
bilirubinometer is a noninvasive method based on the principle
of multi- or two-wavelength spectral reflectance meters. The
accuracy of the instrument may be affected by variations of
skin pigmentation and thickness (5, 6). The other diagnostic
method is the Felix von Luschan test. This is a reproduction
of the von Luschan chromatic scale made by anthropologist
Felix von Luschan. The test is an inexpensive, easy, and non-
invasive method used to determine skin color (7, 8).

This study aimed to investigate the effectiveness of the scale by
comparing invasive neonatal jaundice measurement methods
(total bilirubin from venous blood, total bilirubin in blood gas,
and microcapillary neonatal bilirubin from the heel) and the non-
invasive Felix von Luschan skin color scale (FvL-SCS).

MATERIALS and METHODS

This cross-sectional study was conducted on 110 term
newborn babies admitted to the neonatal intensive care unit
of Adiyaman University Training and Research Hospital for
jaundice after written consent was obtained from their parents.
The ethical committee of the medicine faculty of Adiyaman
University approved the study (protocol no: 2016/6-4). Babies
were hospitalized and treated using the Bhutani nomogram
according to the phototherapy limits recommended by the
American Academy of Pediatrics.

Each newborn was carefully examined, and the related
demographic and clinical data were registered in the checklist.
The information recorded in the study included gestational age,
birth type, nutrition type, postnatal age, blood group, and blood
incompatibility.

Turkish J Pediatr Dis/Trkiye Cocuk Hast Derg / 2021; 15: 349-355

Biochemistry values such as total serum bilirubin (TSB), direct
bilirubin (DB), indirect bilirubin (IB), aspartate transaminase
(AST), alanine transaminase (ALT), sodium (Na), potassium (K),
chlorine (Cl), and calcium (Ca) were analyzed using an Abbott
C8000 (Abbott Laboratories, Abbott Park, IL, USA) device on
all serum samples. The analysis was done according to the
manufacturer’s protocol. Hematological data such as white
blood cell count (WBC), hemoglobin (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), mean platelet volume (MPV),
and platelet (PLT) values were analyzed with a whole blood
counting device CELL-DYN Ruby (USA). The blood gas data of
patients were measured with an ABL 700 instrument (Bronshoj/
Denmark) and the bilirubin values were used as data. The blood
of all neonates was analyzed with an Ortho Autovue Innova
(New Jersey, USA) device. In addition, microcapillary heel
blood samples were analyzed with a neonatal bilirubin analyzer
(Bilimeter 3, Neuburg an der Donau, Germany) and the bilirubin
levels of all patients were determined.

In this study, the non-invasive FvL-SCS was used to measure
the severity of jaundice in neonates. The FvL.-SCS is a scale in
which skin color ranges from 1 to 36 (1 corresponds to light
skin and 36 to dark skin) with intra-rater (r=0.984) and inter-
rater reliability (r=0.964) evaluators (Figure 1). The skin color
of each patient was measured by a trained investigator on
sternum anatomical skin sites. The skin color evaluation method
was determined using our protocol in a room with fluorescent
lighting, no interference from sunlight, and skin colors selected
from the FvLL-SCS.

Statistical Analysis

Statistical analysis of the data was performed using Pearson
tests in the SPSS-20 (IBM, Somers, NY, USA) software to
determine any significant differences between FvL-SCS and the
other methods. The Pearson test was used for data analysis
and P-values p<0.05 were considered significant.

RESULT

A total of 110 neonatal jaundice cases were analyzed using
invasive and non-invasive diagnostic methods at the neonatal
intensive care unit of the Adiyaman University Training and
Research Hospital. No transfusion was performed on any baby
included in this study.

Out of the 110 neonatal jaundice cases, 69.1% (76/110) were
male and 30.9% (34/110) female. Male neonatal jaundice
patients were significantly more common than females. 56.4%
(62/110) of neonates were delivered by cesarean section (C/S)
and 43.6% (48/110) through vaginal birth. 17.3% of the babies
treated for jaundice were admitted between 48 and 72 hours
postnatally. In addition, when the patients were evaluated
in terms of blood group, the Rh (+) blood group was found



A comparison between the Felix von Luschan Skin Color Scale Test and Invasive Neonatal Jaundice Measurement Methods 351

Table I: Demographic characteristics of the neonates and their
blood group distribution

Table II: The hematological values of newborns included in this
study and normal blood values in humans.

Features n (%)

Gender

Male 76 (69.1

Female 34 (30.
Birth Type

Vaginal (V) 48 (43.6)

Cesarean section (C/S) 62 (56.4)
Nutrition

Breast milk 85 (77.3)

Breast milk+ formula 25 (22.7)
Water Supply

Yes 16 (14.5)

No 94 (85.5)
Postnatal Age

0-24 hour 16 (14.5)

24-48 hour 10 (9.1)

48-72 hour 19 (17.3)

72-96 hour 16 (14.5)

96-120 hour 8 (7.3)

120-144 hour 10 (9.1)

>120 hour 31 (28.2)
Blood Group

ARH(+) 55 (50)

BRH(+) 25 (22.7)

ORH(+) 23 (20.9)

ABRH(+) 4 (3.6)

ARH(-) 2(1.8)
Blood Incompatibility

No 61 (55.5)

ABO incompatibility 35 (31.8)

Rh incompatibility 10 (9.1)

Rh+ABO incompatibility 4 (3.6)

to comprise 50% (55/110). When investigating in terms of
blood group incompatibility, ABO incompatibility was the most
common at 31.8% (35/110), Rh was 9.1% (10/110) and Rh +
ABQO incompatibility was 3.6% (4/110). No blood incompatibility
was detected in 55.5% (61/110) of the patients. In terms of
nutrition, 77.3% (85/110) were fed only breast milk and
22.7% (25/110) both breast milk and formula. 14.5% (16/110)
of the neonates were also given water. The demographic
characteristics of the neonates are shown in Table I.

When the mean blood count and biochemistry parameters
of the cases were examined, it was found that they were
compatible with the normal hemogram and biochemistry
parameters of newborns (Tables Il and lll). The mean total serum
bilirubin level in all patients was found to be 17.5+ 4.2 (5.6-
25.8) mg/dL. Table IV shows the bilirubin values of all patients
measured using biochemical and blood gas instruments. The
mean value of DB was found to be 0.5 + 0.14 mg/dL and the
mean value of indirect bilirubin was found to be 16.9 + 4.1 mg/
dL. Therefore, the mean values of blood gas and microcapillary
neonatal bilirubin were detected as 17.2 + 4.9 mg/dL and 16.2
+ 4.1 mg/dL, respectively. In our case, comparisons of FvL-

Sl (et it L Mean Value: SD* (Min-Max)
(Normal value)

WBC 10%/pL (5-34)

HGB g/dL (13.5-22)

HCT % (30-60)

MCYV fL (86-120)

MPV fL (6.8-10.8)

PLT 10%/pL (150-450)
* 8D: Standard deviation

12.9+4.8 (6.2-36.0)
17.5+2.7 (10.0-23.0)
50.4+8.1 (29.0-73.0)
101.6+7.96 (82.0-121.7)
7.5+1.4 (4.9-11.0)
273.9+95.1 (64.0-665.0)

Table IllI: The results of biochemistry values of neonatal jaundice
in this studly.

Biochemistry values

(Normal Value)

Na mmol/L (135-145)

K mmol/L (3.5-5.5)
Cl mmol/L (95-110)
Ca mg/dL (8.4-10.8)
AST U/L (35-140)
ALT U/L (10-90)

Mean value + SD(Min-Max)

139.6+3.5 (133.0-151.0)
5.1+0.6 (3.7-6.6)
108.9+3.5 (103.0-115.0)
9.5+0.9 (7.0-12.1)
53.4+27.6 (20-193)
19.8+ 12.3 (6-63)

SCS and SD values of total bilirubin values were obtained from
total serum, blood gas, and microcapillary measurements.

In this study, it was determined that the distribution of the data
conformed to the normal distribution. Therefore, the Pearson
correlation analysis method, which is a parametric correlation
analysis test, was used and is presented in Table V. The
relationship between invasive methods (blood gas bilirubin,
microcapillary neonatal bilirubin, and TSB values) and the
non-invasive FvL.-SCS method was found to be significant (p
<0.001) (Table V). In this study, correlation analysis of blood gas
and TSB values was performed. A positive high correlation was
found between the samples (r? = 0.806) and this result was
significant (p <0.001) (Figure 2). However, when the correlation
analysis of microcapillary neonatal bilirubin value and TSB
values was performed, a high correlation between the two
values (r?=0.832) was found and this value was detected as
significant (p <0.001). Also, correlation analysis of blood gas
and microcapillary neonatal bilirubin values was performed, and
a positive correlation was found between samples (r°= 0.776).
When these three measurement methods were compared, the
r> value was found to be the highest (r’= 0.832) between TSB
and microcapillary neonatal bilirubin. The correlation between
TSB and microcapillary neonatal bilirubin results obtained by
the FvL.-SCS method was compared in our study. The r? value
was found to be less than 0.5 and this value was found to be
significant (p <0.001). When FvL-SCS and blood gas bilirubin
values were compared, a positive correlation was found (Figure
2). This value was found to be significant (p <0.001).
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Table IV: Bilirubin values measured using a biochemistry device (*). Microcapillary neonatal bilirubin values taken from the heel and

bilirubin values in blood gas.

S . . Distributon Range Persantil
Bilirubin Values Unit Mean Value+SD (Min-Max) (Mean) o5 50 75
TSB* mg/dL 17.5+4.2 (5.6-25.8) 20.2 15.075 17.500 19.873
DB* mg/dL 0.5+0.1 (0.2-0.9) 0.8 0.448 0.520 0.600
IB* mg/dL 16.9+4.1 (5.2-24.8) 19.6 14.570 16.730 19.148
Blood Gas Bilirubin mg/d 17.2+4.9 (5.0-31.0) 26.0 14.300 16.450 19.600
Mikrocapillary .
NeonatllBilrabinma/al 16.2+4.1 (5.1-27.0) 21.9 14.000 16.300 19.000
Table V: The Pearson correlation with bilirubin values and FvL.-SCS test in this studly.
. Blood Gas Microcapillary
Pearson Correlation Bilirubin FvL-SCS Neonatal Bilirubin TSB
Blood Gas re 1 0.513 0.881 0.898
Bilirubin p 0.0001 0.0001 0.0001
r 0.513 1 0.498 0.474
RIS p 0.0001 0.0001 0.0001
Microcapillary r 0.881 0.498 1 0.912
Neonatal
Bilirubin p 0.0001 0.0001 0.0001
TSB r 0.898 0.474 0.912 1
p 0.0001 0.0001 0.0001

* Correlation coefficient

DISCUSSION

More than 85% of newborns develop some degree of jaundice
during the first days of life (9). The clinical symptoms of neonatal
jaundice are primarily shown in the head and face, and then
affect the organs of the trunk and limbs due to increased serum
levels of bilirubin (4, 9). Worldwide, it is estimated that extreme
neonatal jaundice affects at least 481.000 late-preterm and
term newborn infants annually, resulting in 114.000 deaths and
more than 63.000 survivors with moderate or severe long-term
disability (9). Neonatal jaundice can be fatal, but the mortality rate
can be reduced by instant diagnosis and appropriate treatment
(10). Neonatal jaundice can usually be diagnosed with clinical
examination and confirmed using laboratory methods. However,
if jaundice remains unrecognized for a prolonged period, there
is a high risk of bilirubin-induced neurological dysfunction and
irreversible neurological damage (11, 12). Therefore, rapid and
accurate diagnosis of neonatal jaundice is particularly important
in treating the disease.

Neonatal jaundice can be diagnosed using invasive diagnostic
methods such as total bilirubin from venous blood, total bilirubin
in blood gas, and microcapillary neonatal bilirubin. These
methods are invasive and require blood collection from infants.
Obtaining blood samples from infants requires specially trained
personnel and clinical expertise. Also, taking blood samples
from infants predisposes them to infections and causes
significant distress to the infant. Shah et al. reported that these
laboratory tests are expensive and time-consuming, which
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may cause delays in the initiation of treatment (11). Therefore,
there is a need for a more reliable, easy-to-use, cost-effective
diagnostic method in neonatal jaundice that also prevents
unnecessary pain.

Many researchers have reported that TSB is the gold standard
for diagnosing neonatal jaundice. TSB can be measured by the
spectrophotometry and modified micro-bilirubin method. In our
study, we measured the TSB of patients using biochemistry
equipment on all serum samples. These biochemistry diagnostic
methods must be performed by skilled technicians and re-
examined using scientific instruments, which are rarely available
in resource-limited regions. The results of our study support
previous studies; these methods are invasive and cause pain,
stress, and risk of infection in neonates.

1 10 19
2 11 20
3 12 21
4 13 22
5 14 23
6 15 24
7 16 25
8 17 26 |
9 18 27

Figure 1: The Felix von Luschan Skin Color Scale (FvL-SCS) used in
this study
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Figure 2: The graphs of the correlation between FvL-SCS test and the other diagnostic methods used in this study.
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Cheng et al. (13) reported that the most feasible alternative
for jaundice screening is the application of a transcutaneous
bilirubinometer (TcB). They assessed neonatal jaundice
using the Philips BiliChek system. The results of their study
supported the position that TcB can be used in the diagnosis
of neonatal jaundice. In addition, they reported that this non-
invasive method is easy, safe, and convenient for measuring
neonatal jaundice (13). Arman et al. (14) also reported that
transcutaneous bilirubin may be useful for the screening and
monitoring of jaundice in very preterm newborns. However, an
instrument is needed to perform this method.

The FvL-SCS test is a non-invasive method of classifying skin
color, which is determined by pigments such as hemoglobin,
melanin, bilirubin, and carotene. These can be altered
significantly by ultra-violet radiation, temperature, air humidity,
pathological conditions and various substances such as drugs
and irritants (15). Skin color can be measured using different
techniques for different purposes. Clarys et al. (16) measured
skin color using Chromameter, DermaSpectrometer and
Mexameter methods and compared the results of the three
instruments. They reported that these methods can be used to
measure skin color. Treesirichod et al. (17) investigated pigment
skin disorders using the FvL-SCS test. They found that the
FvL-SCS method correlated closely with the results of testing
with the Mexameter MX18 and posited that this method can
be used in the diagnosis of skin disorders. In our study, we
investigated the suitability of the FvL-SCS test for the diagnosis
of neonatal jaundice and found that this method is practical.
The results of our study confirm that the FvL.-SCS method can
be applied in clinical practice facilitating early diagnosis and the
speedy treatment of neonatal jaundice.

A significant proportion of term and preterm infants develop
neonatal jaundice, which is caused by an increase in serum
bilirubin levels, largely as a result of the breakdown of red
blood cells (18,19). If untreated, it can develop into allergies
or other diseases that can prove fatal (20). Early diagnosis and
treatment with phototherapy can prevent the development
of other diseases (21). There exist various methods for the
diagnosis of neonatal jaundice, but these methods are invasive
and time-consuming. The FvL-SCS test is a fast, non-invasive,
and inexpensive method for the diagnosis of neonatal jaundice.

Looking at the values, as the bilirubin value increases the color
numbers marked in the FvL-DRS also increase to dark tones.
However, not every bilirubin value corresponds to the same
color code on the scale. This shows that FvL.-DRS can be used
as a screening test, but it is necessary to measure bilirubin
values with one of the invasive methods in severe cases.

CONCLUSION

Newborns included in this study were found to have a color
distribution of 15 or more in the FvL-SCS. Accordingly, we
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believe that color 15 in FvL.-SCS can be used as a guide for
further examination. FvLL.-SCS values of 18 and above require
invasive examination methods. It was concluded that the FvL-
SCS method can be used as a screening test. The results
obtained in this thesis need to be supported by research with
larger patient groups.
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