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Abstract 

The authors of this publication have developed a new screening method to evaluate the physical development of infants, 
which identifies growth and developmental restrictions based on their gestational age, gender, weight and length 
standard positions and nourishment status. This so-called MDN-method (MDN = Maturity, Development, Nourishment) 
offers several benefits: 1. It enables the expansion of the scope and definition of intrauterine growth restriction (IUGR) 
and the establishment of five separate condition subtypes. 2. It facilitates the study of the risk of mortality of infants 
based on their development and nourishment status. 3. The method is suitable for the screening of high-risk IUGR 
infants and neonates. 4. The MDN method allowed for the development of a new ultrasound screening methodology for 
high-risk IUGR infants and neonates, based on abdominal circumference (AC) and femur length (FL) standards, which 
correlate the most with the weight and length of the fetus. The data of 1,244,918 Hungarian live and stillbirths recorded 
during 2000-2012 were used for these studies. It is believed that these new screening methods may have a significant 
impact on reducing the frequency of IUGR-related stillbirth and infant mortality cases. 
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1. Introduction

We have nothing but respect towards the colleagues who developed the first neonate weight standards and first 
categorized infants and neonates who were born with lower than average weight as SGA (small for gestational age), 
dysmature or growth restricted later on. It was also recognized that being underdeveloped in terms of weight 
significantly increased the risk of infant mortality [1-15]. However, several decades have passed since and we believe 
that the following questions should be raised in regards to this topic: 

 Would it not be more beneficial if the definition of intrauterine growth restriction (IUGR) was not tied to a
single weight criteria (IUGR = <10th weight percentile)? What if, in addition to the weight, the gestational age,
length, gender and nourishment status of the infant were also considered? After all, this approach is no different
from how the physical development of an adult is evaluated, which usually includes the description of height,
nourishment and even the estimation of the individual’s age, but exact weight is seldom brought up.

 As to why research on growth restriction (IUGR) is so important – Pelleg et al. [16] highlight that IUGR is the
primary reason behind stillbirths and the second greatest cause for infant mortality after premature births.
Approximately three million fetuses and neonates die each year due to IUGR worldwide.
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 This raises another question: why is the mortality rate of growth restricted fetuses and neonates so high? It can
be ruled out that this is due to them lacking in weight or other sizes. Smaller length is only one possible
phenotype or consequence of the IUGR condition. Mortality is usually caused by organ failure, which can be
attributed to the etiological factors (maternal, placental or fetal) of the IUGR condition. However, in most cases,
smaller than average sizes can also be attributed to the genetic makeup of the parents. Not all IUGR phenotype
infants suffer from an IUGR condition, but all infants with an IUGR condition are also IUGR phenotypes.
Therefore, we believe it is important to differentiate between IUGR phenotypes and the actual IUGR condition.

 It must also be determined whether IUGR affects everyone the same way and if the lack of weight development
is truly the sole factor responsible for the higher than average risk of mortality among those affected.

Objective 

The aim of the research was to take maturity (gestational age), physical development (weight and length standard 
positions, based on gender) and nourishment (the relation between weight and length standard positions) parameters 
all into consideration in order to evaluate overall development. However, this presented several challenges, as there 
were no methodologies available with which the aforementioned parameters could simultaneously be considered, or to 
quantify and depict various stages of development. 

If the development of a new methodology were to succeed, the development of new intrauterine growth restriction 
screenings using said methodology would also be possible. 

2. Methodology and results

2.1.  The MDN method – a new way to examine intrauterine growth restriction (IUGR) 

In order to use the MDN method, the gestational age, gender, weight and length of the infant are required, along with 
gender-specific weight and length standards and a specialized software that calculates the standard positions and the 
nourishment index of the infant as well [17, 18, 19, 20]. 

The percentile-scaled standards based on the data of 1,238,891 live-born neonate children in Hungary between 2000 
and 2012 (divided into 8 zones by the 3rd, the 10th, the 25th, the 50th, the 75th, the 90th, and the 97th percentiles) developed 
by Joubert K, Zsákai A, and Berkő P. [21-22] are perfectly suitable for this purpose. 

2.2. The primary tool of the method, the MDN percentile matrix 

Simultaneous depiction of weight and length standard positions is made possible by the MDN percentile matrix 
developed by Berkő P and Joubert K. This matrix consists of 64 cells in an 8×8 grid that resembles a chessboard. Weight 
standards are represented by 8 horizontal rows (W), numbered 1 to 8, increasing from top to bottom. Length standards, 
rotated by 90 degrees, are represented by 8 vertical columns (L), increasing from left to right and also numbered. The 
positions and cells of all possible weight and length combinations can be found on the MDN percentile matrix.  

Weight development of the infant is characterized by the number of the corresponding weight standard zone (W) on 
the MDN percentile matrix. Length development can be determined in a similar manner, using the number of the 
corresponding length standard zone (L). 

2.3. Determining nutritional index 

During the compilation of this matrix it was recognized that it is capable of more than just simultaneous depiction of 
weight and length. The MDN percentile matrix can also display various nutritional states through the depiction of the 
relations between weight and length. Nutritional status can be characterized numerically by the use of the following 
formula: 

NI (nutritional index) = W-L, with ‘W’ and ‘L’ representing the number of the weight/length standard zone of the 
examined newborn, respectively, based on his or her gestational age and weight/length (zone 1 being the zone under 
the 3rd percentile and zone 8 being the zone above the 97th percentile). If the NI value is positive (+), there is relative 
excess weight compared to length of the newborn, meaning the newborn is overnourished. The amount of excess weight 
increases in line with the NI value. By contrast, if the NI value has a negative sign (-), the newborn is underweight 
compared to its height and is undernourished. 
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Figure 1 shows the core component of the MDN method, the MDN percentile matrix. Each cell of the matrix includes its 
respective nutritional index value. Positive NI values (the rate of overnutrition) increase towards the top left corner of 
the matrix, whereas negative NI values (the rate of malnutrition) increase towards the bottom right corner of the 
matrix.  

Figure 1 The MDN-percentile matrix, depicting length standard positions (L), weight standard positions (W) and 
nutritional index (NI=W-L) 

Development of the matrix raises the question of whether it can be proven that, in addition to weight, length and 
nutritional status also have a significant impact on the health of fetuses and neonates. 

The cells of the MDN percentile matrix were marked with two-digit numbers for better identification, with the first 
number representing the weight zone, and the second number representing the length zone of the given infant. 

2.4. The benefits of the MDN percentile matrix 

The MDN percentile matrix allows the risk of stillbirth and infant mortality to be examined at various stages of physical 
development. Stillbirth and infant mortality were chosen to be examined over perinatal mortalities because previous 
studies revealed that IUGR is common among stillbirth (42.3%) and late infant mortality cases (37.4%). 

During the examined period of 2000-2012, a total of 1,244,918 live and stillbirths were recorded in Hungary, of which 
6027 (44.5%) were stillbirths and 7532 (55.5%) were infant mortality cases. Each of these infants (both live and 
stillbirths) were added to a single MDN percentile matrix based on their gestational age, gender and sizes (weight and 
length standard positions). 

Figure 2. showcases the results of this process. It was revealed that the highest mortality rates were not exclusive to 
fetuses and neonates below the 10th weight percentile. The cells of infants and neonates with the shortest length, length 
restriction (upper left corner), weight restriction (bottom right corner) or length and weight restriction (bottom right 
corner) also showed high mortality rates. This proves that having lower than average weight (below the 10th percentile) 
should not be the sole deciding factor in the identification of a high-risk IUGR fetuses and neonates. 
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 Figure 2 Stillbirth + Infant Mortality (SB+IM) (‰) dependent on the weight (W) and length (L) development and the 
nutritional status (NI) as well 

2.5. Proposal to expand the definition of IUGR and establish five separate types of the condition, based on 
SB+IM results 

Based on the SB+IM results of Figure 3, it is apparent that the condition not only affects weight restricted fetuses and 
neonates but also those with other physical developmental disorders. Therefore the following expansions and 
modifications to the definition of IUGR are proposed: 

IUGR is defined as: (1) the length or weight (or both) of the newborn is significantly below the average size of the given 
gestational age (below the standard 10th percentile of birth); - (2) a significant disharmony can be observed between 
weight and height, whether infants are significantly lacking in length compared to their large weight (visibly 
overnourished, NI = +4, +5, +6, +7) or lacking in weight compared to their weight (visibly underfed, malnourished, NI = 
-4, -5, -6, -7); (3) any combination of the aforementioned conditions (mixed types).  

2.6. The 5 proposed types of IUGR (Figure 3) 

2.6.1. Mixed types 

Overnourished - Length Retarded (ON-LR) 

Infants lacking in length compared to their weight (appearing overnourished), the majority also being retarded in terms 
of length. Nutritional Index value: +4, +5, +6 or +7. Proportion of ON-LR within the Hungarian newborn population: 
0.8%. 

Undernourished - Weight Retarded (UN-WR) 

Infants lacking in weight compared to their length (appearing undernourished), the majority being retarded in terms of 
weight. Nutritional Index value: -4, -5, -6 or -7. Proportion of UN-WR within the Hungarian newborn population: 0.7%. 

Proportionate Nourished - Length and Weight Retarded (PN-LWR). 

Infants with height and weight both below the 10th percentile. Proportion of PN-LWR within the Hungarian newborn 
population: 4.7%.  

2.6.2. Homogenous types 

Averagely Nourished - Length Retarded (AN-LR) 

Situated between ON-LR and PN-LWR groups, with length below the 10th percentile. Proportion of AN-LR within the 
Hungarian newborn population: 5.7%. 
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Averagely Nourished - Weight Retarded (AN-WR) 

Situated between PN-LWR and UN-WR groups, with weight below the 10th percentile. Proportion of AN-WR within the 
Hungarian newborn population: 5.5%. 

Figure 3 Positions of the five IUGR-phenotypes on the MDN-percentile matrix and their proportions within the total 
Hungarian neonate population (2000-2012) 

2.7. Which types of IUGR have the highest mortality rates? 

The stillbirth + infant mortality (SB+IM) rates were included for each cell of the MDN percentile matrix on Figure 5, 
which presents the following information: 1. The SB+IM rates of the large white sector of non-IUGR phenotypes is 8.3‰. 
2. Out of all IUGR types, proportionately nourished, length and weight restricted fetuses and neonates below the 10th
percentile have the highest number of SB+IM cases (36.4‰), followed by the undernourished, weight restricted group. 
Averagely nourished, length restricted types had the lowest number of mortality cases (12.9‰), followed by the 
averagely nourished, weight restricted group (20.0‰).

2.8. Which infants and neonates are considered ‘High-Risk Restricted’ (HR-IUGR)? 

Fetuses and neonates are considered ‘high-risk IUGR’ types if the SB+IM value of their respective cells is at least twice 
as high as that of the ‘non-IUGR’ group (8.3‰). These cells were highlighted in grey. The SB+IM value of the high-risk 
IUGR group is over three times greater (28.7‰) than the non-IUGR group’s (8.3‰). In the case of certain grey cells, 
the mortality rate is even higher (Figure 4.) [23, 24]. 

The question arises whether all high-risk neonates suffer from IUGR. Naturally, that is not the case. It is important to 
emphasize that the majority of IUGR-phenotype neonates do not suffer from an IUGR condition and are merely smaller 
due to their genetic makeup. Specialized IUGR screenings are necessary in order to determine whether the small size of 
the infant is due to their genetic background (IUGR-phenotype) or because of an IUGR condition. In the latter case 
additional differential diagnostic examinations and immediate therapy should be carried out, due to the risks associated 
to the condition. 
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Figure 4 The stillbirth + infant mortality (SB+IM) values of the Hungarian newborn populace, 2000-2012. HR-IUGR 
cells were highlighted in a darker color 

3. A new MDN-type growth restriction screening method 

The MDN method is suitable for the IUGR screening of fetuses and neonates. Using this method, it can be identified 
whether the infant has an IUGR phenotype as well as the specific type of said phenotype. It can also be identified whether 
the infant falls into one of the high-risk (HR-IUGR) cells of the matrix. This is important, since HR-IUGR fetuses and 
neonates require immediate neonatological examinations after screening. 

3.1. The IUGR screening method of neonates 

Since neonatologists and pediatricians publish newborn and infant mortality rates as per mille values of total live births, 
another MDN percentile matrix was made, the cells of which represent the values of Hungarian infant mortalities. The 
matrix was made using the data of 1,238,891 live births recorded in Hungary during 2000-2012. With aid from the 
Hungarian Central Statistical Office, the development of each infant was followed for one year. Infant mortality data is 
not presented since, as mentioned before, the occurrence of IUGR was noticeably high even among late infant mortality 
cases. 

 

Figure 5 Hungarian infant mortality rates (2000-2012) on the MDN percentile matrix, showcasing both individual cell 
and IUGR subtype specific values 

Out of all IUGR phenotype neonates only those were considered ‘high-risk IUGR’ whose cells had mortality rate values 
that are twice as high or even greater than the average mortality rate of the non-IUGR group, which is 5‰. The cells of 
‘high-risk IUGR’ neonates on Figure 5 are highlighted in grey [23, 24]. 



World Journal of Advanced Research and Reviews, 2023, 18(01), 562–572 

568 

The results speak for themselves: the rate of infant mortality is 5.0‰ for the non-IUGR group, 11.4‰ for all IUGR types 
on average and 14.1‰ in the case of high-risk IUGR types, which is extremely high. The undernourished, weight 
restricted (UN-WR) and the proportionately nourished, length and weight restricted (PN-LWR) phenotypes have the 
highest mortality rates (20.1‰ and 16.8‰, respectively). 

A specialized software was developed, which, following the input of four data points (gestational age, gender, weight 
and length) immediately highlights the corresponding cell of the infant on the MDN percentile matrix with a circle. 

3.2. The purpose of MDN type screenings and the responsibility of neonatologists 

It bears repeating that the purpose of the aforementioned screening method is not to provide error-proof means to 
identify fetuses and neonates with an IUGR condition, as that is only possible through diagnostic examination. The 
primary function of the screening is to identify whether the infant falls into a group where, due to an increased number 
of IUGR cases, the risk of infant mortality is significantly higher than average. Fetuses and neonates that fall into such 
categories must undertake immediate differential diagnostic examinations, in order to confirm whether they actually 
suffer from an IUGR condition, in which case optimal treatment of said condition may commence. The use of IUGR 
screenings followed by immediate neonatological examination and therapy could reduce the number of infant mortality 
cases. Furthermore, the timely identification and treatment of growth restriction could also mitigate the occurrence rate 
of childhood and adult conditions related to IUGR [25, 26, 27, 28, 29, 30]. 

4. The MDN type AC/FL ultrasound screening method of foetuses 

Regrettably there were no screening methods in the past that could accurately identify growth restriction, along with 
the type and risk of IUGR during pregnancy. However, the use of the MDN method could provide a solution in this regard 
as well. 

4.1. The issues with current IUGR ultrasound screenings 

Currently, ultrasound screenings include the measurement of BPD, HC, AC and FL values, after which the software 
calculates which week’s 50th percentiles each of the parameters correlate to [31, 32]. This method assumes that only 
values at the 50th percentile are considered ‘normal’. However, that cannot be further from the truth. 

We believe that instead of gestational age, ultrasound software should calculate which of the eight respective standard 
zones do each of the measured parameters fall into and whether those are significantly lower than the 50th percentile 
value. 

4.2. Proposal to introduce MDN type AC/FL ultrasound screening 

Ideally, the precise weight and length of the fetus could somehow be measured during pregnancy. However, such 
methods are unavailable at the time of writing, therefore one has to rely on the measurement of the abdominal 
circumference (AC) and femur length (FL), since these values correlate best with weight and length [32, 33, 34, 35, 36]. 
The measurement of said values is made possible with the use of state of the art equipment and plenty of patience and 
care on the doctor’s behalf. The next step is to establish AC and FL standard positions, in order to determine which AC 
and FL zones a given fetus falls into (<3rd percentile = zone 1; 3-10th percentile = zone 2… >97th percentile = zone 8, etc.). 
Fortunately, a reliable source of AC and FL standards are available through the World Health Organization (Torvid 
Kiserud, Gilda Piaggio, Guillermo Carroli et al), which utilizes data gathered from 10 countries. These standards were 
also incorporated into our screening software [37]. 

Of course precise measurement of the weight and length of the fetus is not possible through AC and FL values alone. 
However, these values correlate the most with the weight and length of the fetus, therefore it can be assumed that AC 
and FL standard positions also correlate with the actual weight and length standard positions. A fetus is considered 
high-risk if the SB+IM value found in its cell is at least twice greater than the average SB+IM value (8.3‰) of non-
restricted fetuses. 

The following information can be inferred from Figure 4: 1. The SB+IM risk of the cell where the fetus belongs to, based 
on AC and FL screenings. 2. Whether the fetus has IUGR, and if yes, which specific type of it. 3. Most importantly, it can 
be determined whether the fetus falls into the category of “high-risk IUGR” fetuses or not. Fetuses in these categories 
might only have an IUGR phenotype (they are smaller in size due to their genetic makeup) but it also could be due to an 
IUGR condition. Since this cannot be determined precisely through ultrasound screening alone, the mothers all fetuses 
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that fall into these cells should be admitted to hospital and undergo intense monitoring (NST, Doppler ultrasound 
screenings). 

The SB+IM rate of non-restricted fetuses and neonates is 8.3‰. In the case of IUGR fetuses and neonates, the rate is 
23.0‰ and it is higher among the high-risk IUGR group, 28.7‰. Certain individual cells may have even higher mortality 
rates. 

On the MDN percentile matrix of stillbirths, the mortality rate of the non-IUGR group is merely 3.3‰. For the IUGR 
group, the mortality rate is 11.8‰ and for the high-risk IUGR group, it is 14.9‰. Several individual cells show extreme 
mortality rates. The mortality rates of specific types of IUGR on this MDN percentile matrix include the following values: 
ON-LR 18.6‰, AN-LR 5.7‰, PN-LWR 19.9‰, AN-WR 10.2‰, UN-WR 14.2‰. 

The use of an MDN percentile matrix showcasing both stillbirth and infant mortality rates (SB+IM) is considered more 
suitable, since IUGR infants face not only the risk of intrauterine fetal death but also the possibility of mortality after a 
successful live birth. 

4.3. Recommended protocol for IUGR screenings and the following obstetric procedures 

 Fetal IUGR screenings should be carried out more than once, since the IUGR condition can cause hypoxia at any 
time during pregnancy, which, if not identified in time, may lead to intrauterine fetal death. We recommend 
IUGR screenings to be carried out on the 28th, 32nd, 36th and 40th weeks of pregnancy, or even more often in 
the case of pathological pregnancy. As to why screenings should start so soon, here is the distribution of 
Hungarian intrauterine fetal deaths by gestational age during 2000-2012 (each value represents a percentage 
of the total number of mortalities): Weeks <24: 0.3%, Weeks 24-28: 27.7%, Weeks 29-32: 22.9%, Weeks 33-
36: 25.0%, Weeks >36: 24.1%. Overall, 75.9% of all intrauterine mortalities occur before the 37th week, which 
means that screenings must be carried out prior to the last month of pregnancy [38]. 

 Once identified, the mother of the high-risk IUGR phenotype group (cell) fetus, having been properly informed 
of the condition, should be admitted to the maternity ward, where the fetus must be put under intensive 
monitoring (which involves 1-2 NST and 2-3 Doppler ultrasound screenings daily). If this is not possible, either 
due to hospital capacity or the patient’s personal circumstances, it is recommended to perform outpatient 
monitoring every 1-2 days. This is necessary so that deceleration of fetal circulation and other symptoms of 
hypoxia could be identified in time [38, 39, 40, 41, 42, 43, 44]. Additionally, it is recommended to perform 
ultrasound biometry and examine the placenta and the amount of amniotic fluid every two weeks, in order to 
identify the potential signs of the IUGR condition’s progression in time. 

 If signs of the IUGR condition’s progression (deteriorating flow metric index values, decreasing amniotic fluid, 
‘aging’ placenta, decreased placental capacity, etc.) are observed, or the Doppler ultrasound screening shows 
signs of hypoxia (centralized circulation, block, reverse flow), immediate C-section operation must be 
performed in order to prevent intrauterine fetal death [38, 39, 40, 41, 42, 43, 44]. The operation could be 
delayed for a few days, however it is not advised as that increases the risk of further health decline for the fetus 
and neonate as well as the potential for mortality in late infancy, which could result in a lawsuit. 

 If the deceleration rate of the circulation is minimal, the operation could be held off for a few days while still 
maintaining intensive monitoring. In such cases, steroid prophylaxis must be performed before the 34th week. 
However, if severe signs of hypoxia are observed, then the IUGR fetus must be delivered immediately through 
C-section, as their life is at risk. 

 We need to emphasize that this methodology does not provide diagnostic degrees of accuracy. Its accuracy is 
on par with any other type of screening, such as mammography or cervical cytological examinations, where 
proper diagnosis can only be ascertained after histopathologic examination is performed. The main purpose of 
screenings is to narrow down the scope of people to those who actually do require additional diagnostic 
examinations later on. 

4.4. The main reason for expanding the concept and definition of IUGR 

Using the proposed expanded definition of IUGR reveals that 37.5% of all IUGR fetuses and neonates are located above 
the 10th weight percentile and only 62.45% of them can be found below that. More importantly, 26.4% of all IUGR 
mortalities (both fetuses and neonates) were born with weight over the 10th weight percentile. It is this 26.4% of infants 
that could be saved, should we abandon the current definition of ‘IUGR =< 10th weight percentile’ in favor of a new, 
broader concept. 
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Nomenclature 

IUGR − Intrauterine Growth Retardation/Restriction 
SGA − Small for Gestational Age 
MDN – Maturity, Development, Nourishment  
NI – Nutritional Index 
SB+IM – Stillbirth + Infant Mortality 
ON-LR – Overnourished, Length Restricted 
UN-WR –Undernourished, Weight Restricted 
PN-LWR – Proportionally Nourished, Length and Weight Restricted 
AN-LR – Averagely Nourished, Length Restricted  
AN-WR – Averagely Nourished, Weight Restricted 

5. Conclusion 

The results of our research can be summed up as follows: 

 We believe that, using the data of 1,244,918 Hungarian live and stillbirths over a 13 year period, the MDN 
method proved that the physical development of an infant cannot be evaluated by the weight standard position 
alone. The gender, weight and length standard positions and the nourishment status of the infant must all be 
considered simultaneously. 

 Having recognized this, a proposal was made in order to expand the definition of IUGR and to distinguish 5 
separate types of IUGR. It was also confirmed that each type of IUGR affects the risk of stillbirth and infant 
mortality differently. Simultaneous weight and length restriction is the most common and the most dangerous 
condition, but subtypes where the rate of weight and length development significantly differ from each other 
also pose a great risk. 

 We believe that the MDN method offers a realistic possibility for the screening of high-risk IUGR (HR-IUGR) 
fetuses and neonates. 

 With the emergency C-section delivery of fetuses with an IUGR condition that show signs of hypoxia (confirmed 
through NST and Doppler ultrasound screenings) and the timely and professional neonatological treatment of 
HR-IUGR neonates, the lives of approximately 300,000 Hungarian, and several hundred thousand, if not million 
other fetuses and neonates worldwide could be saved annually  
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