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Abstract- Early warning scoring can be used in assessing hospitalization for infants, for assessing vital functions and for 
predicting worsening symptoms. Early warning scoring is performed by evaluating the parameters of newborn infants such 
as body temperature, breathing, heart rate, consciousness, blood sugar and oxygen saturation. According to the obtained 
score, applications such as respiratory support and drug use are decided after admission and after. The parameters considered 
in early warning scoring systems used in practice are different from each other. Although each of these parameters is of a 
different level of importance in determining the condition of the patient, it is usually taken equally in current scorings 
systems. Analytic Hierarch Process (AHP) can be used to measure these parameters and their significance levels, which are 
based on the scoring, and can be measured and compared on a benchmark basis. 
In this study, the vital parameters to be used in early warning scoring of newborn infants were determined in the light of 
literature review and expert opinion. The level of importance of the vital parameters in determining the condition of a patient 
were determined by AHP method. In addition, the early warning scoring system is applied based on the determined vital 
parameters to newborn babies in a large hospital. 
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I. INTRODUCTION  
 
Response and heart rate tracking in pediatrics vary 
according to different age groups. Because of this, the 
childhood period is divided into age groups. Newborn 
period is the first 28 days after birth. In this period, 
some newborn babies need to be hospitalized in the 
newborn intensive care unit.  
Most of the newborn babies seem to be healthy and 
show no sign of problems; however, it is known that 
some of the newborn babies are not in good condition 
and need to be hospitalized for advanced care. It is 
medically very important to identify the babies 
between these two groups who have the risk of 
showing symptoms. Early Warning Scoring (EWS) 
has been developed to identify this group. 
The first and important stage in creating the scoring 
system is to determine which parameters are 
necessary to be included in the scoring. In every 
newborn early warning scoring study, different 
parameters are taken into consideration among the 
similar parameters. Because the identification of 
parameters is the basis of scoring, it is believed that 
every contribution to the subject will improve the 
scoring. There have been studies in the recent years 
about the early warning scoring systems. 
In their study "Pediatric Early Warning System Score 
(PEWS)", Duncan et al. [1] did a scoring study on the 
identification of the urgency and necessity of the 
medical requirements of the patients who apply to a 
hospital. This scoring is to identify primarily the 
cardiopulmonary arrest threat which needs 
resuscitation. This was the first study on early 

warning scoring in general pediatrics and became a 
guide for the other studies on newborns. 
Roland et al. [2] developed "Newborn Early Warning 
System (NEW)" in their study as a response system 
for babies at risk. This scoring system is the first 
study on developing an early warning system for 
newborns in the scientific literature. Newborns above 
2.5 kg and 37 gestational weeks were evaluated with 
retrospective data according to ARNI (At Risk 
Newborn Infants). In consideration of prenatal and 
postnatal criteria, ARNI and NEW hospitalization 
decisions were compared and it was seen that there 
were more hospitalization decisions made according 
to NEW. Temperature, respiratory rate, heart rate, 
color and conscious level values are taken as 
parameters in NEW scoring. In the NEW system, 
scoring cards which are based on the values of these 
parameters are considered with colors. 
Nowlan et al. [3] developed newborn early warning 
scoring (NEWS) to identify the babies with sepsis 
diagnosis which is a subjective decision. The aim is 
the verification of sepsis diagnosis and early 
identification in the suspicious and subtle cases with 
the help of scoring. "Traffic lights" color-coded 
warning signs are designed according to the 
symptoms and severity. It is indicated in the study 
that NEWS scoring system for the identification of 
sepsis and all the babies with suspicious sepsis will 
help relatively unexperienced doctors. 
Connolly et al. [4] ‘Newborn Early Warning Trigger 
& Track (NEWTT)' mentioned that early warning 
systems are widely used, however, with the on-going 
research in the field of newborn age group, they 
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developed a scoring system. Temperature, respiratory 
rate, heart rate, saturation, conscious level and blood 
sugar are considered as physiological parameters. An 
observation card was created to be able to make early 
identification of negative changes among the 
physiological parameters with the ‘traffic lights' code 
in newborn early warning scoring. It was aimed to 
identify which newborn babies under observation are 
at risk after the birth. 
Holme et al. [5] developed "Neonatal Trigger Score 
(NTS)". They made a multidisciplinary clinical 
evaluation to identify the babies who are not in good 
condition. The study was conducted on the babies 
whose primary condition was good but disrupted 
(with sepsis or respiratory symptoms) in 12 hours. In 
this study, parameters to be considered for scoring 
was identified by an expert group which was 
consisted of 5 neonatolog, newborn intensive care 
nurses, and midwives. The number of parameters, 
which is 9, was described as conscious level and 
blood sugar measurement parameters by the 
discussions. Every parameter was scored respectively 
between the 0-3 values and the approach to be taken 
was identified among those score values. 
As the conducted studies show, even similar or 
slightly different parameters are used, in every 
scoring system the significance of these parameters 
are same. However, it is known that in practice the 
significance of these parameters is different. In this 
neonatal study, the importance level of parameters 
used in early warning scoring is determined 
according to the expert's view by binary comparison 
based on analytical hierarchy process method. The 
score which is determined according to the 
importance level of every parameter is divided into 4 
classes. 
In this study, the scoring in NTS scoring system 
which was developed by Holme et al. (2013) was 
considered. The aim in this scoring is the early stage 
identification of the newborn babies who are at risk 
and need hospitalization who does not belong to 
obvious good and bad condition groups. It is not 
difficult to identify the babies to be hospitalized with 
low birth weight and under 37 weeks. With this 
reason in this study, NTS was applying to the babies 
out of this group who are over 2500 grams birth 
weight and had a ≥37 gestation period. By measuring 
the values of every parameter of the newborn baby 
according to NTS, it was recommended to evaluate 
the NTS value from birth till to the 12th hour in every 
two hours and eight times in total. The scoring in 
every hour should be evaluated separately. Because 
the hospitalization decision is generally taken in the 
first few hours of the observation of the baby, NTS 
score values of the patients are found by obtaining the 
2nd-hour parameter measure values. 
The importance level and weighted scores of all the 
parameters used in the newborn early warning 
scoring systems and the parameters used only in NTS 
are determined according to AHP. In the study, every 

NTS parameter was multiplied by its weighted score 
to obtain the NTS weighted score value.  
There are four decision groups (0, 1, 2 and 3) which 
every patient will be placed in according to their 
score value by NTS. Hospitalization decision will be 
taken according to which group the newborn baby 
belongs to. Babies who are in the 2nd and 3rd group 
will be hospitalized. To determine in which group the 
obtained weighted scores are placed, the cubic 
interpolation method is used for determination of the 
class width to form the classes. 
The weighted score values and previous score values 
according to NTS for 24 newborns was calculated 
and by comparing the obtained scores, it was 
determined if there was a change in the score group 
of every newborn. By this way, it was shown if 
parameter results weighted by AHP had an effect on 
the hospitalization decision.  
 
II. APPLICATION STUDY 
 
The study was made in an advanced hospital which 
has the biggest newborn intensive care unit in its area. 
The babies who were born here was recorded and 
monitored. The babies who were decided for 
hospitalization were treated in intensive care unit 
which is highly developed by means of stuff and 
equipment.  
There are many parameters used in the early warning 
scoring systems. Within the result of scientific 
literature examination, all the parameters used in the 
newborn early warning scoring systems are evaluated 
by AHP method which is one of the multi-criteria 
decision-making techniques. The importance level 
and weighted value of every parameter in early 
warning scoring system are determined by AHP 
method (Table 2). 
 
A parameter’s importance level was determined by 
the specialists and nurses who work in the newborn 
intensive care unit in the application hospital and by 
using the binary comparison scale which is given in 
Table 1. 

TABLE 1 : AHP IMPORTANCE DEGREE SCALE [6] 
Importance 

Degree 
Definition 

1 Equal Importance 
3 Moderate Importance  
5 Strong importance 
7 Very strong importance 
9 Extreme Importance 

2,4,6,8  Values between two  
neighbour values (Average Values) 

 
Among all the parameters used in newborn early 
warning scoring, the most important parameter to 
determine score value is ‘concious level' with 0.311 
weighted value. In the scoring systems according to 
the weighted value of the parameters; respiratory 
distress, saturation, heart rate, respiratory rate, CRT, 
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blood sugar,  temperature and color parameters come 
after ‘concious level' parameter respectively. 
 

TABLE II: PARAMETER AND AHP WEIGHT 
Parameters AHP Weight 

Concious level 0.311 

Respiratory distress 0.211 

Saturation 0.125 

Heart rate 0.104 

Respiratory rate 0.072 

CRT 0.058 

Blood sugar 0.048 

Temperature 0.044 

Color 0.022 

 
Consistency ratio for pairwise  comparison matrix 
which was obtained after AHP calculation was 
calculated. If the consistency ratio is equal or smaller 
than 0.10; the pairwise  comparisons are consistent 
and can be used [7]. According to this consistency 
ratio was calculated and found as 0.0943. This value 
shows that AHP matrix obtained from this study is 
consistent. 
As shown in Table 2, even though the importance 
level of all the parameters used in the scoring system 
was found, with the intention of testing if the 
weighting of the parameters has an effect on EUS 
score, Neonatal Trigger Score (NTS) system was 
taken into consideration. With this aim, the 
importance level of the scoring parameters used in 
NTS was primarily obtained by the participation of 
specialists and nurses as shown in Table 3. 

 
TABLE III : THE IMPORTANCE LEVEL OF NTS PARAMETERS 

AND MAXIMUM VALUES THEY CAN HAVE 
Parameters AHP Weight Maximum 

Value 
Concious level  0.481 3 

Respiratory 
distress 

0.186 2 

Heart rate 0.124 3 

Respiratory rate 0.109 3 

Blood sugar 0.057 2 

Temperature 0.040 2 

 
Among all the parameters used in NTS, ‘concious 
level' parameter with 0,418 weighted value was again 
found to be the most important parameter in 
determining the scoring value. According to the 
weighted value of NTS parameters; respiratory 
distress, heart rate, respiratory rate, blood sugar and 
temperature parameters follow the ‘concious level' 
parameter (Table  3). 
In NTS, every parameter has a score value according 
to their threshold value. Total score value is obtained 
by finding the score value of each parameter for 
every patient. 4 classes are obtained according to the 

score values which are 0, 1, 2 and 3 points. If the sum 
of the score value is 0 group is 0, if 1 group is 1, if 2 
group is 2 and if the sum of the score value is ≥ 3 it is 
group 3. If the points belonging to parameters in NTS 
system are considered, each patient's total point will 
be minimum 0 and maximum 15. 
 
The parameters used in NTS are weighted with AHP 
and shown in Table 3. Each parameters maximum 
value according to NTS, as shown in Table 3, was 
found as 2.708 by multiplying each parameters 
maximum score point and AHP weighted value. 
 
Unlike as in classic NTS, there is no classification for 
weighted NTS values which are obtained by 
multiplying AHP weights and NTS points. The class 
width for weighted NTS was identified by cubic 
interpolation method considering NTS classes and 
limit values and shown in Table 4. More sensitivity is 
obtained by using cubic interpolation for 
classification than NTS classification. 
 

TABLE IV. CLASS WIDTH 
 

Class Cubic Interpolation 
0 0 
1 0-0.034 
2 0.035-0.55 

 
For 24 newborn patients, NTS and weighted NTS 
values are calculated considering patient values and 
AHP weights. The class widths in Table 4 is 
considered in weighted EUS. In Table 5, class 
changes are examined for NTS and weighted NTS. 
When the class change for cubic interpolation is 
examined according to the confusion matrix as shown 
in Table 5, it is seen that 54% of the patient's classes 
did not change according to NTS class. In addition, 
37% of the patients class levels increased and %0,083 
of the patients class level decreased. 

 
TABLO V. CLASSIC -INTERPOLATION CONFUSION MATRIX 

     

Cubic Interpolasyon 
Class 

    0 1 2 3 

NTS 
Class 

0 
3    

1   8  
2   5 1 
3   2 5 

 
The parameters used in the studies and accepted as 
newborn babies vital functions have different 
importance level. Conscious impairment is a life 
threatening condition and considered as the most 
important parameter as shown in our study. The other 
parameters different vital importance levels are 
shown in our study with weighting. This change 
related to weighting will provide more healthy 
decision making about hospitalization. 
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CONCLUSION 
 
In the previous early warning scoring systems, 
scoring was developed by assuming that all the 
parameters have equal importance. With this study, 
by evaluating importance level of the parameters and 
their weights, it is believed that it will bring a new 
approach to the scoring studies in pediatrics and other 
branches.  
AHP technique, which is a multi-criteria decision-
making approach, is used to determine the importance 
levels. The importance level of each parameter is 
determined by AHP and conscious level is identified 
as the most effective parameter in newborn EUS 
systems. The consistency index value of AHP 
matrixes being in the intended range shows that 
obtained importance levels are usable.  
 
With the parameter importance levels obtained from 
AHP values, the decision-making process can be 
improved by using weighted NTS in difficult 
decision-making cases with same NTS score values.  
Parameters for newborn EUS value, which is 
effective on hospitalization decision, can be chosen in 
consideration of AHP values. Scoring with fewer 
parameters can be preferable in terms of time 
efficiency and applicability. Choices can be made 
according to the determined importance levels of 
parameters. Hospitalization decision and neglectable 
criteria can be displayed more clearly by making the 
study with more newborn babies. 
 
Newborn early warning scoring systems were 
developed by parameters different from each other. In 
this study, by determining AHP weighting; 
parameters such as color, temperature, and CRT  with 
low AHP importance levels can be neglectable in the 

cases where data collecting is difficult. However, 
according to Table 2, while determining the EUS 
level, not neglecting the parameters with high AHP 
importance levels such as conscious level, saturation, 
respiratory distress, and heart rate will lead to more 
accurate results. 
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