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Maternal Socio-Economic Status 
 and Childhood Birth Weight:  

A Health Survey in Ghana  
 Edward Nketiah-Amponsah1,*, Aaron Abuosi2 and Eric Arthur1 

1Department of Economics, University of Ghana,  
2Department of Public Administration and Health Services Management,  

University of Ghana,  
Ghana 

1. Introduction  
Low birth weight (LBW) is one of the key reproductive health indicators whose outcome is 
influenced by consumption of reproductive health care. Rosenzweig and Schultz (1983) 
argue that one of the key measures of child health is that of birth weight. Birth weight is a 
good gauge of health of the child in the womb because the weight is taken immediately after 
birth. Consequently, a malnourished fetus will be born at low birth weight. On average, the 
worldwide incidence of low birth weight varies among countries, ranging from 4% to 6% in 
western countries like Sweden, France, United States and Canada (UNICEF 2003). 
Nevertheless, LBW is prevalent in developing countries especially those in the Sub-Saharan 
region due to the high levels of malnutrition and infectious diseases. A child’s birth weight 
is an important indicator of the child’s vulnerability to the risk of childhood illnesses and 
the chances of survival. Sub-Saharan Africa (SSA) has the second highest incidence of low 
birth weight infants the world over (16%), with South Central Asia being the highest at 27% 
(UNICEF and WHO 2004). The most recent evidence on Ghana shows that approximately 
10% of all births are LBW (GSS, 2009). In particular, the UN envisages a reduction of low 
birth weight by at least one-third in the proportion of infants. This target is in fact, one of the 
seven major goals for the current decade of the “A World Fit for Children” programme of 
the United Nations (UN, 2004). 

LBW is considered a major public health concern. Hence, a significant reduction in LBW is 
regarded as an important catalyst towards the achievement of the Millennium Development 
Goals (MDGs). LBW is defined as a birth weight of less than 2.5kg or 2500 grams. There are 
two types of LBW infants, that is, small-for-date and pre-term babies. Small-for-date infants 
are those who are delivered after a full gestation period of 37-40 weeks but due to intra-
uterine growth retardation (IUGR), their birth weights are below 2.5 kg. Conversely, LBW 
can be caused by short gestation duration; <37 weeks of gestation as in the case of pre-term 
babies. LBW is immensely connected with fetal and neonatal morbidity and mortality 
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(McCormick, 1985; Gortmaker and Wise, 1997; Caulfield et al. 2004). It is also a potential 
recipe for impaired cognitive development and the advent of chronic diseases in later life 
including diabetes and coronary heart disease (Bale et al. 2003). Other known triggers of 
LBW include maternal malnutrition, biological conditions such as multiple births, sex of the 
child, malaria episodes during pregnancy, complicated pregnancy due to pre-eclampsia or 
antepartum haemorrhage and behavioural or life style factors such as smoking (Vahdaninia, 
et al. 2008; Alderman and Behrman 2006; Bhargava et al. 2004). The literature on low birth 
weight on the African continent is on the ascendancy (see Mwabu 2008; Okurut 2009). In 
Botswana, Ubomba-Jaswa and Ubomba-Jaswa (1996) found that multiple births, birth order 
(first order), marital status and mothers’ stature were important predictors for low birth 
weight. A study by Vahdaninia (2008) reports that primary and secondary education and 
non-smokers are highly correlated with low birth weights.  

In the 2003 Ghana Demographic and Health Survey, information on birth weights is known 
for only 28% of babies born five years preceding the survey. In the 2008 GDHS however, 
birth weights were reported for 43 percent of births in the five years preceding the Survey, 
indicating a 15 percentage point improvement in birth weight registration as compared to 
the GDHS 2003. Generally, the low registration of birth weights is due to the high non-
institutional and non-supervised deliveries mostly in the rural areas of the country1. Since 
many respondents did not deliver in health facilities and would not have had their babies 
weighed at birth, the survey solicited information on the women’s own subjective 
assessment of whether their babies were average or larger than average, smaller than 
average or very small at birth (see Blanc and Wardlaw, 2004). Even though the mothers’ 
reportage of the size of the infant is subjective, it can be a useful proxy for the weight of the 
child. Hence, this paper attempts to estimate the factors that influence the weight of a baby 
at birth using the sub-set of children who were actually weighed by the health facilities in 
addition to those whose weights are subjectively reported by their mothers. The novelty of 
this paper lies in the attempt to empirically estimate maternal socio-economic and 
demographic factors and perceived baby size at birth. Modelling mothers’ evaluation of 
baby size at birth is an important step in solving the sample selection bias in reported birth 
weights due to low institutional delivery in developing countries such as Ghana (Okurut 
2009 and Nwabu, 2008). To the best of our knowledge, this gap has not been explored since 
studies surveyed by far are entirely based on children who were actually weighed at birth at 
the health facilities. The study emphasises maternal attributes on infant birth weight due to 
the fact that birth weight is correlated between half siblings of the same mother but not of 
the same father because of the greater contribution of the maternal genotype and 
environment (Gluckman, 1994 and Walton, 1954). Among the socio-economic factors of 
interest are income (wealth), education, occupation or employment and marital status.  

2. Related literature 
Previous studies on the phenomenon in Ghana and elsewhere had paid less attention to 
mothers’ subjective evaluation of the size of the baby. In the context of developing countries 
where institutional delivery is very low, concentrating only on the children weighed at the 
health facilities creates some informational gap. The effects of socio-economic, biological 
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and nutritional attributes of LBW are well documented (Klufio et. al. 2000; Dreyfuss et al. 
2001). The key determinants of birth weight include nutritional status and age of the mother, 
area of residence, mother’s immunization against preventable diseases and behavioural 
change during pregnancy (Deshmukh et al. 1998; Stephenson and Symons, 2002; UNICEF, 
2003; Torres-Arreola et al. 2005; Negi, et al. 2006, Khatun and Rahman, 2008). 

Utilization of maternal health services such as immunization against tetanus is further 
assumed to be complementary to other inputs that improve the health of the child in the 
womb, such as presumptive malaria treatment and avoidance of risky behaviours (Dow et 
al, 1999). Ajakaiye and Mwabu (2007) argue that tetanus vaccination  does not directly 
increase birth weight, but that vaccination is strongly correlated with health care 
consumption and behaviours that increase birth weight implication; the adoption of a 
specific behaviour or the uptake of a specific input improves health, creates incentives to 
engage in other health-augmenting behaviours or consumption that improve birth weight. 
Guyatt and Snow (2004) also argue that that malaria infection have a substantial adverse 
effect on pregnancy outcomes (causing both premature birth [gestation of <37weeks] and 
intrauterine growth retardation, which lead to LBW). 

Employing the 2006 Uganda Demographic and Health Survey (UDHS) data, 2006, Bategeka et 
al. (2009) examined the factors that influence birth weight in Uganda using instrumental 
variable (2SLS) technique. The findings suggest that birth weight is positively and significantly 
influenced by the mother’s tetanus immunization status, education level, and antenatal care, 
but negatively influenced by mother’s smoking of tobacco and malaria infection. In a related 
study, Okurut (2009) investigated the determinants of birth weight in Botswana. Applying 
instrumental variable (2SLS) technique to the Botswana Family Health Survey (BFHS) data for 
1996, he found that birth weight is positively and significantly influenced by the mother’s 
socio-economic characteristics (tetanus immunization status, age, and education level) and the 
husband’s education level. The results from Bategeka (2006) and Okurut (2009) reinforce the 
role of maternal socio-economic factors and biomedical inputs such as antenatal care services 
and tetanus vaccination on childhood birth weight. The authors thus suggested that policy 
should be geared at, improving education of the girl child and improving access to 
reproductive health services (tetanus immunization and quality antenatal care) is critical in 
enhancing the health status of the unborn children in Botswana. 

Similar evidence was adduced by Deshmukh (1998) who noted that tobacco exposure was a 
significant risk factor for LBW. Further empirical evidence by Almond et al (2002) also 
suggested that maternal smoking during pregnancy has negative and significant effects on 
birth weight and gestation length. Mwabu (2008) and Okurut (2009) sought to identify the 
determinants of birth weight in Kenya and Botswana respectively. In both studies, a two-
stage least squares approach was adopted and the results were comparable. The mother’s 
characteristics, age, education level and tetanus immunization were found to have a positive 
significant impact on birth weight. In both studies, tetanus immunization was used as an 
instrument for antenatal visits.  

This paper uses the most recent nationally representative Demographic and Health Survey, 
GDHS 2008 to throw more light on the factors that contribute to the relatively high 
prevalence of low birth weight in Ghana. Contrary to most studies where birth weight is 
modelled as a continuous variable, this study measures birth weight as a discrete outcome.  
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3. Overview of the Ghanaian health sector 
Prior to Ghana’s independence from the British crown, the colonial administration 
provided healthcare for civil servants through general taxation while non-civil servants 
received healthcare at their own expense (out-of-pocket). Following Ghana’s 
independence in 1957, health care was provided “freely” to subscribers of public health 
facilities. This ensured that there was no direct out-of-pocket payment at the point of 
delivery of health care in public health facilities. Financing of health in the public sector 
was, therefore, entirely through tax revenues. The sustainability of the free medical care 
policy became questionable as the economy began to show signs of decline in the 1970s 
and 1980s with economic growth and inflation being the major culprits. The ensuing 
economic decline eventually ushered Ghana into the World Bank/IMF’s sponsored 
ERP/Structural Adjustment Programmes during the 1980s and 1990s. A key component of 
the ERP was health sector reform, which was intended to improve the efficiency of the 
health systems and the quality of care via cost recovery mechanism, in particular out-of-
pocket payments with its concomitant effect of decreasing access to health care by the 
poor (Nyonator and Kutzin, 1999; Asenso-Okyere et al, 1997).  

Consequently, Ghana has since 1985, operated a cost-recovery health delivery system known 
as the “cash-and-carry” system, whereby patients are required to pay up-front for health 
services at government clinics and hospitals. The advent of out-of-pocket payments 
constrained access to health care to many Ghanaians especially during emergency and 
accident cases where deposits are required before care. This coupled with reduction in public 
spending on health care created problems of inaccessibility and inequity in health care.  

In the midst of these financing challenges, the Government of Ghana and its global 
partners consider the improvement of maternal health as crucial for socio-economic 
development. In 1987, the World Health Organization (WHO) and other UN agencies 
including UNICEF launched the Safe Motherhood Initiative which was genially embraced 
by Ghana. In 1998, the government introduced a free antenatal care services for all 
pregnant women. The commitment of the government of Ghana in promoting safe 
motherhood was further enhanced by the introduction of the policy of exempting users of 
maternal services from delivery fees in the four most deprived regions of Ghana namely, 
Upper East, Upper West, Northern and Central, in September 2003. The policy was later 
expanded to incorporate the remaining six regions of Ghana in April 2005. Furthermore, 
the government of Ghana armed with a grant support of US$90 million from the UK 
government in July 2008 strengthened the free maternal care initiative (Government of 
Ghana, 2010, United Nations, 2008). The main rationale for the introduction of these 
policies is to reduce financial barriers and to induce the utilization of maternal health 
services with the overall objective of improving maternal and child health outcomes 
including birth weight. Other policies introduced by the government to improve access 
and equity to essential health care services include the introduction of interventions such 
as the Community-based Health Planning and Services (CHPS) and the introduction of 
the National Health Insurance Scheme (NHIS) and the free maternal care programme. 
However, access still remains a problem. For instance, institutional delivery remains a low 
of 53% (WHO, 2011). 
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Country LBW IMR U5MR MI MMR LE PCHE 
Ghana 14.3 47 69 93 350 60 114 
Nigeria 26.7 86 138 41 840 54 113 
Benin 20.2 75 118 72 410 57 61 
Burkina 
Faso 

37.4 91 166 75 560 52 82 

Cape Verde - 23 27 96 94 71 176 
Cote 
D’Ivoire 

16.7 83 118 67 470 50 88 

Gambia 15.8 78 103 96 400 60 75 
Guinea 
Conakry 

20.8 88 142 51 680 52 58 

Liberia 20.4 80 112 64 990 56 46 
Mali 27.9 101 191 71 830 53 76 
Niger 39.9 76 160 73 820 57 40 
Senegal 14.5 51 93 79 410 62 102 
Sierra Leone 21.3 123 192 71 970 49 104 
Togo 20.5 64 98 84 350 59 70 
Guinea 
Bissau 

17.4 115 193 76 1000 49 48 

African 
Average 

- 80 127 69 620 54 146 

Table 1. Selected Health Indicators for Ghana and other Regional Neighbours (ECOWAS). 
LBW=Low Birth weight; IMR=Infant Mortality Rate; MI=Measles Immunization; 
MMR=Maternal Mortality Rate; LE=Life Expectancy; PCHE= Per capita Health Expenditure. 
Source: World Health Statistics 2011. World Health Organization, Geneva 

The passage of the National Health Insurance law in 2003 (Government of Ghana, 2003) was 
in particular to remove the financial barrier to health care and to promote access and equity. 
The Act mandates the establishment of District-wide mutual health insurance schemes 
(DMHIS) where minimum premium of roughly US$8 per adult (Jehu-Appiah et al. 2011) for 
non Social Security and National insurance trust contributors are charged. The scheme 
provides generous exemptions for those aged under 18, and over 70, pensioners, pregnant 
women or deemed indigent (core poor). Formal and informal sector employees who 
contribute to the Social Security and National Insurance Trust (SSNIT) pay 2.5% of their 
SSNIT contributions as insurance premium. Though enrolment is compulsory, non-
compliance is quite high while there are virtually no enforcement mechanisms. 

While Ghana’s selected health indicators are better than almost all its West African 
neighbours, the indicators do not compare favourably with other countries within the 
African sub-region, with the gap widening in comparison with the developed world (see 
Table 1 and WHO Health Reports, 2010 and 2011). Migration of health workforce, 
inadequate health personnel (high doctor patient ratio), poor health infrastructure and 
general dissatisfaction with working conditions are some of the major challenges facing the 
country’s health sector (Ghana Health Service, 2007; Agyepong et al. 2004)  
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4. Methods 
4.1 Data 

The study uses the 2008 Ghana Demographic and Health Survey (GDHS), the fifth 
Demographic and Health Survey (DHS) to be undertaken in Ghana since 1988. It is a 
nationally representative household survey conducted by the Ghana Statistical Service with 
technical support from the World Bank. The 2008 GDHS was implemented in a representative 
probability sample of more than 12,000 households selected throughout Ghana. The survey 
centred on general welfare, education, health and healthcare and demographic issues that 
impinge on the wellbeing of women, children and the average Ghanaian household. Three 
questionnaires were used for the 2008 GDHS: (i) the Household Questionnaire, (ii) the 
Women’s Questionnaire, and (iii) the Men’s Questionnaire. In all, 4,916 women aged 15-49 and 
4,568 men aged 15-59 from 6,141 households were interviewed from all the ten regions of 
Ghana from early September to late November 2008. This study is based on the maternal 
questionnaire which contains detailed information on fertility, marriage, sexual activity, 
fertility preferences, breastfeeding practices, nutritional status of women and young children 
and other socioeconomic attributes of the women. The study sample consists of children who 
were born within the five years preceding the 2007-08 GDHS and whose mothers were 
interviewed in the survey. The analyses will thus be based on children aged 0-59 months who 
were weighed at birth and those whose mothers subjectively reported their size at birth. The 
variables which were included in the empirical estimation are shown in Table 2.  

5. Estimation 
In this paper, the birth weight of the infant is captured as a dichotomous and in an ordered 
form. In the case of the dichotomous dependent variable, cases with a birth weight of below 
2.5 kg (2500grams) are considered LBW while those with 2.5kg or more are non-LBW. With 
regards to the ordered birth size, the mothers’ subjective assessment of their babies is 
ranked from very large, the highest which is accorded a value of one(1) to very small, the 
lowest which is assigned a value of five (5) with 5 categories as presented in Table 3. 
Discrete choice, particularly the logistic and ordered logistic regressions are used to estimate 
the correlates of low birth weight. The use of these methods is appropriate and enables us to 
assess each explanatory variable with the likelihood of a child having low birth weight. 
Where appropriate the marginal effects and/or the odds ratios are computed to ease the 
interpretation. 

5.1 Logit 

The Logistic model is used for the prediction of the probability of occurrence of a discrete 
binary variable. It is employed in cases where the variable has only two outcomes. As 
employed in this study, the outcome variable is coded zero(0) if the child has normal 
weight(>=2500grams) and coded one (1) if the baby weighs below 2500grams in which case 
the child is considered to have low birth weight. Gujarati (2004) estimates the logistic 
regression model as; 

k

i i i
i

Y X e0
1

*  
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Where; 

Y* = Dependent variable (Birth weight) 
iX = Independent variables; maternal bio-demographic and socioeconomic characteristics 

0  Intercept  

i  Regression coefficients  

The model is estimated using Stata.  

5.2 Ordered logit 

The ordered logistic model is a regression model for ordinal dependent variables. It is an 
extension of the logistic regression model for binary dependent variables, allowing for more 
than two ordered response categories. It is usually estimated using the maximum likelihood 
estimation technique. The ordered logistic model, according to Greene (2003) can be written 
as, 

i iy x* ,   . 

Where iy*   = the underlying response, which is the birth weight of the baby. 

ix  = a set of explanatory variables and iu  = the residual error, which is assumed to be 
normally distributed.  

According to Greene (2003), y*, the variable of interest (which is the subjective or perceived 
birth weight of the baby) is unobserved, what we observe rather is a variable y, which in this 
study is the size of the baby as ranked by the mother. Consequently, we model the mother’s 
perceived size of the baby at birth using a 5 point Likert scale from  very large (1),  larger 
than average (2), average (3), smaller than average (4) and very small (5) where very large 
(1) is the highest and very small (5) is the lowest.  

5.3 Results and discussion 

5.4 Logistic regression 

The mean birth weight for the entire sample is 3239.24 grams (SD=832.30) while the mean 
birth weights for the normal and LBW infants are 3368.0 (SD=761.99) and 
2098.90(SD=302.11) grams respectively. At the bivariate level, gender and multiple births 
were significantly different between mothers of LBW and normal birth weight infants (see 
Table 2). Multivariate analysis however, showed that multiple birth (odds ratio = 13.72) was 
the most important risk factor for LBW in Ghana. 

The wealth index of the household (used as a proxy for household income) was constructed 
in quintiles (1 = poorest, 2 = poorer, 3 = middle, 4 = richer, 5= richest). The results suggest 
that women in the poorest wealth quintile are less likely to have LBW compared to those in 
the highest income quintiles, though this was only significant at the 10% (p = 0.065). 
However, those in the poorer, middle and richer quintiles did not show significant 
association with LBW. Our finding is in sharp contrast with that of Torres-Arreola et al. 
(2005) who found low socio-economic status as the most important risk factor for 
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LBW.Though this result is not unexpected, it is not inexplicable. The wealth index is used a 
proxy for income since there is no direct measure of income. Wealth per se is not a direct 
determinant of health outcome unless it is translated into the consumption of health inputs. 
We can thus conclude that we did not detect any significant relationship between wealth 
index and LBW for Ghana. Normally, differences found in the effect of socioeconomic 
factors on LBW are probably due to the use of different socioeconomic indicators. It should 
be noted however, that obtaining information that accurately reflects social and economic 
characteristics can be difficult, leading to the generation of proxy variables.  

Education as expected proved significant in explaining LBW in Ghana. Our finding indicates 
that there is a threshold effect of education on LBW. While primary education has the expected 
negative relationship, it is statistically insignificant. Rather, it is secondary education or better 
which exerts the requisite effect on LBW. In particularly, women who have secondary 
education or better are 6 percentage points less likely to have LBW compared to their 
counterparts with no education. The significant inverse relationship between education and 
LBW is consistent with Koupilova et al. (2000), Mwabu (2008), Khatun and Rahman (2008) and 
Okurut (2009). Although other studies have reported the negative effect of maternal education 
on LBW, the association was not statistically significant ( see Torres-Arreola et al. 2005; 
Ubomba-Jaswa and-Ubomba-Jaswa, 1996). In Iran, Jafari et al. (2010) rather found a positive 
and significant relationship between primary and secondary education on one hand and LBW 
on the other hand. The results also indicate that the gender of the child is highly associated 
with birth weight. A boy child has a higher probability of experiencing low birth weight 
relative to a girl child. More specifically, being a boy increases the odds of LBW by 1.7 (3 
percentage points) relative to their girl counterparts. 

The study’s finding further points to a significant regional variation in low birth weights. 
Women in the Western region (p=0.005), Ashanti(p=0.042) and the Brong-Ahafo (p=0.090) 
have a higher propensity of giving birth to LBWs as compared to children born in the 
Greater Accra Region. For instance, children born to women in the western region of Ghana 
are approximately 16 percentage points more likely to be of LBW compared to their 
counterparts in the Greater Accra region. The descriptive statistics in Table 2 also lend 
support to this empirical finding. Although women who are employed showed the expected 
inverse relationship with LBW, the effect is insignificant.  
 

Variable : Birth weight Normal birth 
weight 

Low birth weight  Pearson’s chi square test 

Wealth       
poorest 96.94 3.06  5.36 
poorer 90.32 9.68   
middle 89.76 10.24   
richer 90.64 9.36   
richest 92.73 7.27   
Education       
no education 91.86 8.14   
primary 90.34 9.66   
secondary 92.02 7.98   
Mother's Age       
15 – 19 years 97.06 2.94  2.29  
20 – 34 years 91.99 8.01   
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Variable : Birth weight Normal birth 
weight 

Low birth weight  Pearson’s chi square test 

35 – 49 years 89.91 10.09   
Tetanus Injection       
No injections 94.12 5.88  0.59    
Received Injections 91.44 8.56   
Birth order       
1 child 93.01 6.99  0.94    
2 – 5 children 91.44 8.56   
More than 5 children 90.36 9.64   
Gender of Child       
Male 93.36 6.64 3.60*  
Female 89.81 10.19   
Birth type       
Single birth 92.57 7.43 31.74***    
Multiple birth 61.54 38.46   
ANC       
No visits 87.5 12.5 0.65    
1 – 3 visits 89.77 10.23   
4 or more visits 91.9 8.1   
Rural*Education       
No education 92.47 7.53 2.28    
Primary  91.76 8.24   
Secondary plus 89.01 10.99   
Residence       
Urban 92.46 7.54 0.98    
Rural 90.6 9.4   
Employment       
Not working 93.55 6.45 0.68  
Working 91.33 8.67   
Marital status       
Not married 91.67 8.33 0.0001    
Married 91.65 8.35   
Administrative Regions       
Western 84.93 15.07 12.83   
Central 92.86 7.14   
Greater Accra 95.51 4.49   
Volta 91.67 8.33   
Eastern 89.8 10.2   
Ashanti 89.52 10.48   
Brong Ahafo 90.41 9.59   
Northern 94.74 5.26   
Upper East 98 2   
Upper West 91.67 8.33   

Tables 2. Bivariate Analysis for Selected Variables 20082. ***: Significant at 1 %( p<0.001); **: 
Significant at 5% (p<0.05 and *: Significant at 10% (p<0.10) 

                                                                          
2 The variables for the empirical estimation were chosen with recourse to the literature and the 
peculiarity of the health care situation of a developing country. For instance, alcohol consumption and 
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The age of the woman is hypothesized to be statistically and significantly associated with 
LBW overtime. This variable is statistically significant at the 10% level. That is, an increase in 
the age of an expectant mother by one year increases the probability of giving birth to a 
LBW by 3 percentage points. The positive association between maternal age and LWB which 
is largely due to the health depreciation effect is consistent with Vahdaninia et al.(2008) Who 
found same for Iran. Further, women who live in the urban areas have a lower propensity of 
giving birth to LBWs but this variable is not significant. 
 

Dependent Variable : Birth 
weight 

Coefficient Standard P>z Marginal 
Effects 

Odds Ratio 

Wealth (Ref: Richest)       
Poorest -1.506* 0.816 0.065 -0.055 0.222 
Poorer -0.31 0.484 0.521 -0.016 0.733 
Middle -0.045 0.462 0.923 -0.003 0.956 
Richer 0.045 0.374 0.905 0.003 1.046 
Mother's Education       
Primary -0.386 0.464 0.406 -0.02 0.68 
Secondary plus -0.944** 0.482 0.05 -0.06 0.389 
Other Socioeconomic Indicators       
Mother's Age 0.583* 0.337 0.083 0.033 1.791 
Tetanus Injecton given -0.672 0.549 0.221 -0.03 0.511 
Multiple birth 2.619*** 0.47 0 0.395 13.718 
Gender of child: Female 0.524** 0.266 0.049 0.03 1.689 
Rural and Educated 0.406 0.355 0.252 0.023 1.501 
Mother's Body mass index 0.0001 0 0.738 0 1 
Antenatal care visits -0.109 0.133 0.416 -0.006 0.897 
Birth Order -0.149* 0.084 0.076 -0.009 0.861 
Residence: Rural  -0.034 0.576 0.953 -0.002 0.967 
Employment (Ref: Not working)  -0.132 0.433 0.761 -0.007 0.877 
Marital status(Ref: Not married) -0.219 0.419 0.6 -0.014 0.803 
Administrative Regions       
Western 1.539** 0.548 0.005 0.156 4.658 
Central 0.423 0.773 0.585 0.029 1.526 
Volta  0.669 0.711 0.347 0.05 1.952 
Eastern 0.842 0.547 0.124 0.065 2.32 
Ashanti 1.028** 0.506 0.042 0.076 2.794 
Brong Ahafo 0.988* 0.582 0.09 0.082 2.685 
Northern 0.031 0.717 0.966 0.002 1.031 
Upper East -0.555 1.171 0.636 -0.026 0.574 
Upper West 0.955 0.708 0.177 0.08 2.599 
Constant -3.382 1.238 0.006     
Number of observations : 874               LR chi2(26) = 55.07            Prob>chi2 = 0.0007 
Log likelihood = -223.56078                       Pseudo R2 = 0.1097 

Table 3. Logit estimates of the effects of maternal socio-economic factors and LBW. ***: 
Significant at 1 %( p<0.001); **: Significant at 5% (p<0.05 and *: Significant at 10% (p<0.10) 

                                                                                                                                                                                            
cigarette smoking were not included because only few women indicated the use of alcohol and smoking 
of cigarette during pregnancy. The inclusion of these variables would create a problem of matrix 
singularity. 
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The results also indicate a negative association between LBW and the number of antenatal 
care visits, though the effect is not robust. Antenatal care visits are used to diagnose and 
treat for any infections which affect the unborn babies. The results suggest that the higher 
the number of antenatal visits, the lower the probability of LBW. Other studies including 
Negi et al (2006) and Joshi et al (2005) had found a significant negative correlation between 
mother’s antenatal care visits and LBW.  

The most robust finding from our study is the significant statistical relationship between 
multiple births and LBW (p<0.0001). Children who are born twins or mutilple are 
approximately 40 percentage points more likely to be of LBW as compared to singletons. 
This finding is consistent with Ubomba-Jaswa and Ubomba-Jaswa (1996) who found a 
robust positive association between multiple births and LBW for infants in Botswana. Thus, 
if women who had not received immunization against tetanus were to be immunized, the 
probability of experiencing a LBW will drop by 3 percentage points. The low birth weight of 
twins compared with singletons is somewhat influenced by the higher congenital 
abnormality rate in twins, or the increased incidence of proteinuric pre-eclampsia in the 
mothers, (MacGillivray, 1983). Also, vaccination against tetanus was found to have the 
desired negative effect on LBW, albeit insignificant (p=0.221). We also found an inverse 
relationship between birth order and LBW. Our finding is however at variance with Phung 
et al. (2003) who found that higher parity was associated with significantly higher birth 
weight. 

5.5 Ordered logistic regression 

At the bivariate level (see Table 4), the Pearson chi-square test indicates that there are 
statistically significant  differences between perceived birth size on one hand and the gender 
of the child, antenatal care visits, marital status, area of residence and geographical area of 
residence on the other hand (p<0.001). However, a number of covariates contemporaneously 
determine an outcome such as birth weight, hence the result from the multivariate ordered 
logistic regression is emphasized. 
 

Variable : child 
size at birth 

Very 
large 
(1) 

Larger 
than 
Average 
(2) 

Average 
(3) 

Smaller 
than 
average 
(4) 

Very 
small 
(5) 

Pearson’s 
chi square 
test 

Wealth        
Poorest 20.3 32.01 29.37 12.54 5.78 23.65* 
Poorer 24.29 31.07 31.51 8.97 4.16  
Middle 22.74 32.33 33.7 6.85 4.38  
Richer 20.9 34.39 32.54 8.73 3.44  
Richest 24.15 37.74 25.66 9.81 2.64  
Education       
No education 23.71 31.98 28.73 10.57 5.01 11.66 
Primary 19.43 31.58 33.2 11.13 4.66  
Secondary 22.53 34.8 30.99 8.1 3.58  
Gender of child       
Male 255 364 330 81 35 19.52*** 
Female 20.38 31.81 30.42 11.93 5.47  

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

12

Birth type       
Single birth 22.38 33.15 30.73 9.44 4.3  
Multiple 14.89 27.66 29.79 21.28 6.38  
Birth Order       
1 19.37 32.88 31.98 10.36 5.41 6.64 
2 22.55 34.06 30.45 8.85 4.09  
3 23.78 31.25 30.21 10.76 3.99  
Antenatal Care       
No visits 17.07 24.39 36.59 9.76 12.2 21.28*** 
1 -3 visits 21.37 31.34 29.91 11.68 5.7  
4 or more visits 22.65 33.82 30.59 9.28 3.66  
Employment       
Not working 22.35 32.95 30.79 9.6 4.3 0.4 
Working 21.24 33.59 30.12 10.42 4.63  
Married       
Not married 16.6 29.79 37.45 10.21 5.96 10.18** 
Married 22.93 33.44 29.85 9.64 4.14  
Residence       
Urban 23.58 36.31 29.13 8.27 2.71 15.15*** 
Rural  21.46 31.21 31.58 10.5 5.25  
Rural* Education       
No Education 23.58 33.96 28.81 9.7 3.96 10.72 
Primary 19.57 31.19 33.64 10.7 4.89  
Secondary plus 19.8 31.44 34.65 8.91 5.2  
Tetanus Injection       
No injection 20.78 30.59 31.37 9.41 7.84 13.18 
Received 
Injections 

22.39 33.43 30.56 9.76 3.86  

Mother's Age       
15 – 19 years 16.83 30.69 36.63 11.88 3.96 12.71 
20 – 34 years 20.94 34.44 29.87 10.25 4.5  
35 – 49 years 25.9 30.29 31.6 8.14 4.07  
Region       
Western 18.38 28.65 46.49 5.41 1.08 239.62*** 
Central 22.73 32.47 38.31 5.84 0.65  
Greater Accra 20.4 44.28 25.37 8.46 1.49  
Volta 6.86 32.57 44.57 14.86 1.14  
Eastern 34.64 31.84 20.11 6.15 7.26  
Ashanti 22.29 28.66 35.67 6.05 7.32  
Brong Ahafo 9.9 41.09 33.66 11.88 3.47  
Northern 38.98 27.12 14.92 10.85 8.14  
Upper East 16.05 35.19 27.78 14.2 6.79  
Upper West 22.06 33.33 27.94 14.71 1.96  

 

Tables 4. Bivariate Analysis for the Variables used for the Ordered Logistic Regression 
(Mother’s Perception of Baby Size). ***: Significant at 1 %( p<0.001); **: Significant at 5% 
(p<0.05 and *: Significant at 10% (p<0.10) 
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Variable : Birth size Coefficients Robust Standard 
Error 

           z P>z 

Wealth (Ref: Richest)      
Poorest 0.064 0.195 0.33 0.742 
Poorer -0.252 0.179 -1.41 0.159 
Middle -0.158 0.164 -0.96 0.336 
richer 0.009 0.152 0.06 0.951 
Mother's Education     
Primary -0.05 0.143 -0.35 0.728 
Secondary plus -0.320* 0.178 -1.8 0.072 
Other Socioeconomic 
Indicators 

    

Age -0.08 0.102 -0.79 0.432 
Tetanus injection 0.078 0.137 0.57 0.568 
Multiple births 0.874*** 0.283 3.09 0.002 
Gender (female) 0.276*** 0.081 3.42 0.001 
Rural*Educated 0.134 0.107 1.26 0.209 
BMI of mother 0.0001 0 -0.13 0.899 
Antenatal care visits -0.068** 0.036 -1.91 0.057 
Birth order -0.026 0.026 -0.99 0.324 
Rural 0.097 0.175 0.56 0.579 
Employment (not working) 0.07 0.124 0.57 0.57 
Marital Status (not 
married) 

-0.399*** 0.134 -2.97 0.003 

Administrative Regions - - - - 
Western 0.263 0.174 1.51 0.131 
Central -0.033 0.191 -0.17 0.864 
Volta  0.679*** 0.173 3.92 0 
Eastern -0.416** 0.203 -2.05 0.041 
Ashanti 0.289* 0.168 1.73 0.084 
Brong Ahafo 0.422** 0.171 2.47 0.013 
Northern -0.503** 0.206 -2.44 0.015 
Upper East 0.305 0.221 1.38 0.167 
Upper West 0.073 0.195 0.37 0.71 
Number of Observations: 2072        Wald chi2(26) = 138.73       Prob>chi2 = 0.000 
Log pseudolikelihood = -2894.5102            Pseudo R2 = 0.0223 

 

Table 5. Ordered Logit Estimates of the effects of Maternal Socio-economic Factors and 
Perceived Baby Size. ***: Significant at 1 %( p<0.001); **: Significant at 5% (p<0.05 and *: 
Significant at 10% (p<0.10) 

Table 5, presents the results of the ordered logistic regression where the size of the baby is 
ranked from very large (1), lager than average (2), average (3), smaller than average (4) to 
very small (5). A negative value denotes a movement from a very small size at birth towards 
a very large size at birth while a positive suggests otherwise. None of the wealth indicators 
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was found to statistically influence perceived size of the baby. Just as in the first model, the 
results suggest that mothers with secondary education or better are less likely to perceive 
LBW. Though, primary education had the a priori expectation, it was insignificant, 
buttressing the threshold effect of secondary education on childhood birth weight. 
Interestingly, we found that higher birth orders are associated with a lower risk of perceived 
LBW (p=0.007).  

The gender of the child was another variable that was found to exert significant influence on 
perceived size of the baby (p=0.001). Children born males are more likely to gravitate from 
very large baby size towards very small baby size relative to their female counterparts. The 
gender difference in perceived size might be due to the differences in the biological 
attributes. The gender effect is corroborated by the estimations in Table 3 where males were 
found to have a higher probability of LBW. Also residents of the Western and Volta 
geographical regions of Ghana have a higher propensity of experiencing perceived LBW 
than those residing in the greater Accra region. However, women in the Northern region of 
Ghana are less likely to have LBW (p=0.004). This result is quite surprising given that the 
Northern region is one of the poorest regions of Ghana. It is, thus probable that some 
attributes inherent in the region other than wealth and the consumption of biomedical 
inputs promote perceived normal birth sizes. 

Unlike the logistic regression model where LBW is predicted, the effect of marital status 
(p=0.003) and antenatal care visits (p= 0.057) are correctly signed and significant in 
predicting perceived baby size by mothers. More specifically, married women and those 
who intensify the use of antenatal care visits are less likely to register LBW. These variables 
were also found to be significant at the bivariate level (see Table 4). Other covariates 
including urban residence had no significant effect on perceived baby size while that of 
multiple births had a positive and significant association with same. 

6. Summary and concluding remarks 

In summary, LBW is positively and significantly predicted by geographical area of 
residence, gender of the child, multiple births and mother’s age. Conversely, maternal 
education especially beyond the primary education and birth order were found to be 
statistically and inversely related to LBW. In particular, women with secondary education or 
better are approximately 39 percentage points less likely to experience LBW relative to their 
uneducated counterparts. While biomedical inputs such as immunization against tetanus 
and the number of antenatal care visits have the expected inverse relationship, they proved 
insignificant in predicting LBW.  

The ordered logistic regression indicates that marital status, the utilization of antenatal care 
services, secondary education or better and residents of the Eastern and Northern 
geographical regions of Ghana are significantly and inversely associated LBW. However, 
multiple births, gender, and residents of Volta and Northern geographical regions are 
positively and significantly associated with having babies with small sizes. Overall, multiple 
births, gender and secondary education or better were consistently significant in predicting 
LBW and perceived baby size in both the logistic and ordered logistic regression models. 
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Although, the proxy for income (wealth index) did not prove to be an important 
determinant, other studies have used education as a proxy for socio-economic status 
(Nordstrom and Cnattingius, 1996; Parker et al. 1994). At least, using data from the most 
recent survey, we have demonstrated a strong inverse association between secondary 
education or better and LBW.  

In the context of a free and universal access to health care, it is recommended that policy 
makers should place more emphasis on education as it imparts knowledge and thus 
influences dietary habits and birth-spacing behaviour. This will lead to a better nutritional 
status, particularly in dealing with pregnancy, resulting in lower rates of low birth 
weight. Thus the government should target policies that reduce the regional disparities in 
health facilities and infrastructure to curb the regional differences in birth weight 
outcomes. Due to the robust effect of education on health outcomes including birth 
weight, intensifying especially girl child education via formal and informal means in 
addition to the provision of health infrastructure constitutes an important policy 
intervention.  
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1. Introduction 
It has been proposed that the performance of a health system should be measured primarily 
by the effect on mortality. Childbirth is the time of greatest risk of mortality for a mother 
and a baby [1] and thus care at birth is a good marker of the performance of any health 
system. Yet every year, a staggering 7 million children die either in the first four weeks of 
life (3.8 million) or as still births (3.2 million) [2]. Despite this unbelievable magnitude of 
avoidable premature deaths, historically neonatal health was a forgotten area left in the 
cracks of safe motherhood and child health programs [1, 3-5].  

The Millennium Development Goals (MDGs) that are directly related to newborn survival 
are MDGs 4 and 5. MDG 4 focuses on child survival and its target is to reduce under-5 child 
mortality by two-thirds by 2015, with a global target of 32 per 1000 live births [5, 6]. 
However, at current rates, most low income countries will not achieve this MDG target [6]. 
Available data shows that there has been no measurable reduction in early neonatal 
mortality in Sub-Saharan Africa (SSA) over the last decade, and the gap between the rich 
and the poor continues to widen [6]. Hence reducing neonatal deaths, especially early 
neonatal mortality is crucial to meeting MDG 4 [1]. However, evidence shows that most of 
the neonatal deaths are intimately linked to maternal problems especially those related to 
the management of the intra-partum period [1, 7, 8]. A solution addressing both maternal 
and newborn health is cost-effective.  

Although we have an estimate of the huge magnitude of neonatal deaths and their 
importance to achieve MDG 4 target in the next few years to 2015, SSA has had no 
measurable reduction in neonatal deaths for about a decade now [5, 6]. This despite the 
existence of evidence that low cost interventions that have the potential to reduce neonatal 
mortality by 41–72% worldwide [8]; and most of these are relatively simple [9].  

In order to accelerate efforts towards achieving MDG 4, a number of SSA countries 
including Uganda are designing programs to integrate newborn interventions into current 
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maternal and newborn programs, hitherto a neglected area. Most of these efforts are based 
on global recommendations. Moreover, most of the evidence is based on small scale studies 
from Asia and a few from South America, and none to date from SSA. In fact, WHO and 
UNICEF have already recommended community based interventions through home visits 
as one of the key strategies [10]. Yet it is known that the health system context including 
cultures and practices in SSA is different from that in Asia. However, we know that there is 
no magic “one size fits all” program to address neonatal mortality. Many countries such as 
Uganda have already translated this evidence into policy. However, evidence or policy on 
paper does not usually translate into practice, leading to the so called “know-do-gap” or the 
“knowledge-implementation gap” [11]. The local epidemiology as well as health system 
design and performance and community demand are key factors that need to be considered 
[12, 13]. This is crucial for identifying and recognizing the extent of the “know-do-gap” in 
current programs.  

Key “knowledge-implementation gaps” related to neonatal health at the implementation 
level in SSA health systems include: identifying missed opportunities or modifiable delays 
within the health care delivery system that lead to newborn deaths; understanding whether 
the evidence-based globally recommended practices are acceptable in the local context 
(home care practices, community perceptions and underlying cultural beliefs); and the 
current uptake of neonatal interventions including the quality of newborn care gaps across 
the maternal and newborn care continuum.  

In this paper, I assess the implementation context for evidence-based newborn 
interventions, namely, primary health care health facilities, households/communities, and 
the linkages there of in the continuum for maternal and newborn care in terms of time and 
place), in order to inform program design and policy. The findings described in the paper 
were used to design the Uganda Newborn trial (UNEST) (trial register ICRCTN 50321130)  

2. Methods 
2.1 Study area and population 

The studies described here were conducted in Iganga and Mayuge districts (Figure 1), which 
are part of the Busoga region, and situated in the south-eastern part of Uganda. Including 
Iganga and Mayuge, the Busoga region has seven administrative districts – the others being 
Bugiri, Kamuli, Kaliro, Namutumba and Jinja. Busoga region is composed of 11 
principalities of the Basoga tribe and is one of the largest traditional kingdoms of Uganda. 
Study II, III, and the health facility component of IV, where conducted in the 
Iganga/Mayuge health and demographic surveillance system (HDSS), whereas study I, and 
the qualitative component of study IV, were conducted elsewhere outside the surveillance 
area in the two districts of Iganga and Mayuge. Busoga region has a population of about 2.8 
million people, of mixed tribal identification, and represents approximately 8.4% of the 
Ugandan population, living in an area of about 7100 sq. miles. To the west of the Basoga 
tribe live the Baganda tribe, the largest tribe of Uganda. However, their two languages, 
traditional practices and cultures are similar to each other. 

Iganga/Mayuge HDSS is situated in the Eastern part of Uganda, and it covers an area across 
the two districts of Iganga and Mayuge. This area covers 155sqkm, comprising 18 parishes 
and 65 villages. At the time of data collection, the Health Demographic Surveillance System 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



Improving Newborn Interventions in  
Sub-Saharan Africa – Evaluating the Implementation Context in Uganda 

 

21 

(HDSS) population was about 68,000 people, staying in roughly 12,000 households. The 
average household size is five persons per household, and the main occupation is 
subsistence agriculture.  

The HDSS is comprised largely of a rural area with only Iganga town council being peri-
urban. The HDSS is currently expanding to new areas along with an increase in the specific 
demands for more research.  

In Iganga/Mayuge HDSS, there is one general hospital, 15 health centres, about two dozen 
small private clinics and other informal health providers, mostly  traditional birth 
attendants, drug shops and private clinics that are most often found in small trading centres, 
as well as in Iganga proper (Figure 5). All government and NGO facilities have clinical 
officers and nurses for health care delivery, apart from delivery provided by the hospital, 
which also has doctors. Malaria is endemic, and pneumonia is prevalent in the district.  

 
Fig. 1. Map of Uganda showing the location of Iganga and Mayuge Districts 

2.2 Study design, sampling and data collection 

This paper summarises four studies, with a general aim to inform design of a newborn 
intervention as tailored to the local context. This was a cross-sectional study with both 
qualitative and quantitative methods of analysis. The studies were designed such that they 
complement one another. An assessment was done of causes of newborn deaths, and 
identified where major delays occurred as they contribute to death. Exploration of the 
acceptability of the evidence-based newborn practices, and it helped to inform the design of 
the variables that assessed uptake of newborn care practices among babies who survived the 
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neonatal period. Finally, the picture was completed by seeking to understand the care 
provided to preterm babies at home and in health facilities as an example of the current care 
for newborn babies in the study area. Table 1 summarises the studies, their designs and 
sample sizes. 
 

Study objective Methods Study population and sample size 
Acceptability of evidence-
based newborn care 
practices  

10 FGDs and  10 KI 
interviews   

Mothers, fathers, grandparents 
Child minders  
Total 98 people 

Uptake of newborn care 
practices  

Cross-sectional 
population based study 

Mothers of babies 1-4 months  
N=414 

Modifiable delays leading 
to newborn deaths  

Case series Neonatal deaths N=64 

Care of preterm babies  Health facility survey 
IDIs 
FGDs 
 

1 hospital and 15 health units 
11 CHWs 
10 mothers of preterm babies 
6 fathers of preterm babies 
3 grandmothers of preterm babies 
3 FGDs  

Table 1. Summary of methods  

2.3 Qualitative studies 

2.3.1 Acceptability of evidence-based newborn care practices  

A qualitative approach was used to explore the aacceptability of evidence-based neonatal 
care practices in rural Uganda. Ten FGDs were conducted as follows: two with younger 
mothers less than 30 years; four with older mothers more than 30 years or having 
grandchildren; two with fathers and another two with child minders (older children who 
take care of other children) of up to 13 years of age. Selection of young mothers and fathers 
was limited to those having children less than six months of age in order to ensure that 
responses reflect recent/current practices. In addition, we also conducted key-informant 
interviews (KIs) with six health workers and four traditional birth attendants (TBAs). 
Villages were selected for interviews from both near and far from the hospital to represent 
the rural-urban divide. Using guidelines from the research team, community leaders 
identified participants for the FGDs, and district leaders of health services identified health 
workers and TBAs for the KIs. Pre-tested checklists guided discussions about the 
acceptability and barriers to adapting practices within the continuum of care approach [14-
16] with special focus on ANC, intra-partum care, and postnatal care for the mother and the 
baby, and to home visits by a volunteer to promote improved care during pregnancy, 
delivery and in the postnatal period. Participants were asked to present their own 
experiences and actions, or otherwise to describe general attitudes.  

2.3.2 Care of preterm babies  

In order to understand the perceptions and care of preterm babies at home and at health 
facilities, three different methods were used in order to triangulate findings: participant 
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observations [17], focus-group discussions and in-depth interviews (IDIs). Field work took 
place in two sub-counties in each district. The respondents for each method are shown in 
table 2. 

 
Method of data collection Number of subjects/interviews/groups 
Health facility observations 16 health facilities 
In-depth interviews 
   Community health workers (CHWs) 
   Traditional birth attendants (TBAs) 
   Mothers of preterm babies 
   Fathers of preterm babies 
   Grandmothers of preterm babies  

n = 31 
8 
4  
10  
6 
3 

Focus group discussions 
   Health workers 
   Men 
   Women 

 
1 FGD (six midwives/nurses) 
1 FGD (8 men) 
1 FGD (10 women) 

Table 2. Respondents/subjects and methods 

A neonatal midwife from a tertiary hospital worked in health units for a month while also 
observing health workers, care givers and events to find out about behaviours and 
interactions using a semi-structured checklist and also recorded both peculiar and mundane 
activities and observations in a field diary [17]. 

IDIs were conducted with 8 CHWs (3 community drug distributors, 2 breastfeeding peer 
educators, and 4 safe motherhood volunteers). Ten preterm babies originating from the 
study areas were identified from among 42 preterm births recorded in the hospital over a six 
months period and traced at home for interviews. Three mothers could not be traced. Three 
mothers of preterm birth which occurred at home where identified by community members 
for interview. We conducted interviews till we realized saturation– that is we continued 
interviews till no new information came up. We also interviewed 6 fathers and 3 
grandmothers. Finally, we conducted 3 FGDs one for midwives in the hospital and two in 
the community with parents but not necessarily of preterm babies (one FGD for men and 
one for women) to get general community perceptions. Towards the end of each community 
FGD, participants were shown pictures of a mother practicing kangaroo mother care (KMC) 
in order to assess knowledge, perceptions and acceptability. 

2.4 Quantitative studies 

2.4.1 Uptake of newborn care practices  

A population-based cross-sectional was conducted among women with a baby aged 1-4 
months (n=414) in order to determine socioeconomic differences in uptake of newborn care 
practices. Socio-demographic and household socio-economic status (SES) information were 
collected in a separate survey a year earlier. The tool was pre-tested among 25 mothers 
attending a postnatal clinic at the local hospital. Mothers who had had a stillbirth or a 
neonatal death were not interviewed for this study.  
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2.4.2 Modifiable delays leading to newborn deaths  

For all deaths occurring in the DSS, community informants, locally known as community 
scouts, report to interviewers. After a period of 4-6 weeks of mourning, a verbal and social 
autopsy questionnaire was administered by one of three trained native interviewers to a 
close caregiver of the deceased. Sixty-four newborn deaths were investigated covering the 
period January 2005-December 2008. In addition, a health facility survey was conducted in 
all 16 major public and private health facilities serving the DSS, which included a general 
hospital. Data were collected on physical infrastructure, staff inventory, and on the presence 
of essential and desirable equipment for newborn care. Finally, knowledge assessment on 
maternal and newborn care was conducted using a self-administered questionnaire adapted 
from one used for a similar study [18]. The assessment was conducted among 52 health 
providers selected proportionally to represent level of care.  

Two experienced, practicing physicians independently reviewed each death and assigned 
cause of death using a hierarchical approach [19]. Whenever there was a disagreement, they 
met to review the case, and if agreement was reached, the diagnosis was accepted as the 
definitive cause of death. However, if this was not possible, the cause of death was coded as 
undetermined. We defined delays as follows: Delay 1, which is the delay to recognise illness 
and the need to seek medical care, included any newborn baby who died at home or where 
it took more than 12 hours to seek outside care; Delay 2, the transport delay, included 
newborn babies whose care givers expressed problems with getting transport; and Delay 3, 
the delay in receiving quality care, included delay in receiving or failure to receive quality 
care at a health facility (as judged by the audit physician).  

2.5 Data analysis 

For the qualitative studies, analysis of the in-depth interviews, key informant interviews 
and FGDs used latent thematic content analysis. Transcripts were first read several times to 
get an overall picture and then meaningful units were coded, condensed and categorized 
into broad themes [20]. Barriers to care seeking were characterized according to the three 
delays model which includes delays in deciding to seek care, delay in reaching the health 
facility, and delay in receiving care once at the health facility [21, 22]. Relevant quotes were 
extracted and some were presented verbatim. 

For the quantitative data, univariate, bavariate and multi-variate analysis with logistic 
regression was done in stata 10. Households were stratified into quintiles of socioeconomic 
status. Data on newborn care practices was analysed through creating the following 
composite outcomes: good neonatal feeding, good cord care, and optimal thermal care. This 
was done by combining related individual practices from a list of twelve antenatal/essential 
newborn care practices. Multiple logistic regression analysis was used to identify 
determinants of each dichotomised composite outcome.  

Ethical approval for all studies was given by the Uganda National Council for Science and 
Technology following review by the Institutional Review Board of Makerere University 
School of Public Health. Verbal autopsy is culturally sensitive, interviews are conducted 4-6 
weeks after a death occurred in order to allow a period of mourning as per local customs. 
Interviewers were recruited locally and trained to respect cultural issues. In all the four 
studies, all moderators and interviewers were experienced and their minimum education 
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was to diploma level for moderators and twelve years of formal education for interviewers. 
Verbal informed consent was sought and obtained from all participants. 

3. Results 
3.1 Similar low uptake of essential newborn care practices among the poorest and 
least poor  

In general, there were low levels of coverage of the desired practices (table 3). A total of 46% 
of the respondents delivered in the hospital or in a health unit, 26% delivered in private 
clinics (most informal with unqualified staff and poor infrastructure) and 28% at home or 
with a TBA. Cord cutting was done mostly by use of a razorblade (67%) of which 11% were 
reused, and only 28% reported to have used cord scissors. About half of the mothers put 
substances on the cord (such as powder, surgical spirit, salty water, or lizard droppings). To 
keep warm, 86% babies were immediately wrapped, but skin-to-skin (STS) care was almost 
non-existent (2%). Early bathing was the norm, with 56% of the babies bathed within the 
first 6 hours, 82% within the first 12 hours, and almost all during the first 24 hours. 
Although all babies were breastfed, only about half were initiated within the first hour of 
birth, with 41% initiating within 1 - 6 hours. Other feeds besides breast milk including cow’s 
milk, plain water, sugar or glucose water, gripe water and tea were given to 35% of babies in 
the neonatal period, contrary to recommendations.  

Table 4 shows the independent predictors of safe cord care. Multiparous mothers were less 
likely to have good cord practices when compared to primiparas (OR 0.5, CI 0.3 – 0.9); and 
so were mothers whose labour began at night compared to those whose labour began 
during day time (OR 0.6, CI 0.4 – 0.9). Although significantly more mothers in the high SES 
delivered in health facilities (p < 000), we found that place of delivery did not predict any of 
the ENC practices assessed. 
 

Characteristics Total  % 
Time labour began n= 356 
     Day 
     Night 

 
146 
205 

 
42 
58 

Time of delivery n=391 
     Day 
     Night 

 
195 
196 

 
50 
50 

Health facility delivery n=393 
     Yes 
      No 

 
181 
212 

 
46 
54 

Surface of delivery n=392 
     Clean 
     Dirty 

 
258 
134 

 
66 
34 

Instrument used to cut the cord n=391 
     Clean 
     Not clean       

 
333 
58 

 
85 
15 

Material used to tie the cord n=391 
     Clean 
     Not clean 

 
387 
4 

 
99 
1 
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Characteristics Total  % 
Type of instrument used to cut the cord n=391 
     Un used new razor blade 
     Used razor blade 
     Scissors 
     Other/     Don’t know 

 
223 
41 
110 
17 

 
57 
10 
28 
5.0 

What was used to tie the cord n=391 
     Cloth strip 
     Clean thread 
     Rubber band 
     Other/Don’t know 

 
39 
338 
3 
11 

 
10.0 
86.4 
0.1 
2.8 

What was put on the cord n=389 
     Nothing 
     Medical drugs 
     Powder 
     Ash 
     Salty water 
     Other 

 
198 
11 
87 
3 
43 
47 

 
51 
3.0 
22.2 
0.8 
11 
12 

How long after birth baby was breastfed n=392 
     Immediately 
     Less than 6 hours 
     6 – 24 hours 
    >24 hours 

 
199 
159 
24 
10 

 
51 
41 
6.0 
2.0 

If at all, bottle fed in neonatal period n=391 
     Yes 
     No 

 
42 
349 

 
11 
89 

 
How long after birth was baby first bathed n=244 
     Less than 1 hour 
     2- 6 hours 
     7 – 12 hours 
    13 - 24 hours 
    >24 hours 

  
 
13 
125 
63 
34 
9 
 

 
 
5 
51 
26 
14 
4  

Safe cord care n=387 
    Yes 
     No 

 
149 
238 

 
39 
61 

Good neonatal feeding n=378 
     Yes 
      No 

 
216 
162 

 
57 
43 

Optimal thermal care n=398 
      Yes 
       No 

 
166 
226 

 
42 
58 

Table 3. Level of selected care practices during delivery and neonatal period 
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 Variable Univariate Unadjusted Multivariate Adjusted* 
 OR 95% CI OR 95% CI 
Maternal Age 

<19 1  1  
19-25 0.52 0.24-1.11 0.68 0.31-1.51 
26-30 0.47 0.21-1.03 0.62 0.26-1.47 
>30 0.89 0.41-1.93 1.19 0.48-2.95 

Parity 
1 1    

2-4 0.44 0.25-0.76 0.45 0.25-0.79 
>4 0.68 0.40-1.13 0.57 0.30-1.08 

Time labour began 
Day 1    

Night 0.66 0.44-1.01 0.61 0.0 -0.94 
*Adjusted for maternal age, parity and time labour began 
* p for the whole model = 0.003 

Table 4. Logistic models with safe cord care practices as dependent variable versus all 
independent variables having significant chi-square values in bivariate analysis 

3.2 Newborn babies die close to time of birth due to care-seeking delays 

Of the 64 newborn deaths investigated, 37% (24/64) had been born in a hospital or a health 
centre, 23% (15/64) in a private clinic and 39% (25/64) at a TBA, at home or on the way to 
hospital. Of these deaths, 47% (30/64) occurred within the first 24 hours after birth and 78% 
in the first week, and only 22% occurred in the remaining three weeks of the neonatal period 
(Figure 6). The median age at death was two days (IQR 1-4). During the same period, most 
births were reportedly conducted by a trained health worker (58%, 37/64). Twenty deaths 
(33%) occurred either in a hospital or a health centre, 8 (13%) in a clinic, with the majority 
(54%) dying away from a health facility (TBA, at home or on the way to hospital).  

 
Fig. 2. Distribution of newborn deaths by day after birth in Iganga/Mayuge DSS, eastern 
Uganda 
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The leading causes of death were sepsis or pneumonia (31%), birth asphyxia (30%) and 
preterm birth (25%) (Figure 3). Delay in problem recognition/deciding to seek care outside 
the home (Delay 1) was the greatest contributor to deaths (50%, 32/64). Most newborn 
babies who died had started being unwell during or immediately after birth (57%, 36/64), 
and were unwell for a short period, with the median duration of illness being two days (IQR 
1-6). Care-seeking was generally delayed, with the median duration to seeking care from 
outside the home being three days from illness onset (IQR 1-6 days).  

The second major contributor to newborn deaths was delay in receiving quality care at the 
health facility (Delay 3) (30%, 19/64). A total of 53% (9/17) newborns that were taken 
outside the home for care reportedly made contact with a qualified health worker, but five 
caretakers went to drug shops and one to a spiritual leader.  

Surprisingly, the transport delay to a health facility (Delay 2) was found to be a main 
contributor to only 20% (13/64) of newborn deaths. A second delay was identified as being 
a contributor to 22% of the newborn deaths investigated.  

The major causes of death by main contributing delay were as follows: Delay 1 - sepsis or 
pneumonia (32%) followed by birth asphyxia (22%); Delay 2 - birth asphyxia (46%) followed 
by sepsis or pneumonia (31%); Delay 3 - preterm births (37%) followed by birth asphyxia 
(32%). 

 
Fig. 3. Primary causes of newborn deaths  

3.3 Readiness of health facilities for newborn care 

Health facilities had just about half of the minimum Ministry of Health recommended 
qualified health workers, and almost all lacked the basic newborn equipment, drugs, 
supplies and an effective referral system. For instance, only 44% (7/16) of health facilities 
had a delivery kit, 44% (7/16) had a neonatal weighing scale, and only 6% (1/16) had a 
neonatal resuscitation kit.  
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Overall, in the knowledge assessment, participants were correct for only 58% of the 
questions across the maternal and newborn care continuum. Medical assistants/clinical 
officers had the best mean score (63%), followed by registered midwives (61%), enrolled 
midwives (56.5%) and enrolled nurses (50%). Participants were correct mostly for questions 
on ANC (65%), followed by intra-partum care (52%); the least correct answers were on 
newborn/postnatal care (31%). 

These poor newborn care practices were confirmed in the qualitative studies. Findings from 
interviews revealed that most evidence-based newborn care practices were acceptable to 
community members; however exceptions do exist especially around dry cord care and 
delayed bathing. Most preterm babies are cared for at home, however, care practices are not 
only inadequate but also potentially harmful. A number of mothers are using powder and 
antiseptics for the cord, sugar or glucose water for initiation of feeding and bottles to feed 
babies. Health facilities lacked capacity (in terms of skilled staff, equipment, drugs, 
protocols and supplies) for newborn care.  

4. Discussion 
These studies explored both preventive and curative care for all newborn babies, at home 
and in health facilities, as well as related care-seeking delays contributing to newborn 
deaths in two districts of Uganda. Most evidence-based newborn care practices were 
acceptable to community members, however exceptions do exist. Newborn care practices 
were of poor quality and coverage was low across all socio-economic groups. Delays in 
problem recognition and decision-making (Delay 1), together with poor quality care at 
health facilities (Delay 3) were found to be the major delays related to newborn death in this 
setting. Most preterm babies are cared for at home, however, care practices are not only 
inadequate but also potentially harmful. A number of mothers are using powder and 
antiseptics for the cord, sugar or glucose water for initiation of feeding and bottles to feed 
babies. Health facilities lack capacity (in terms of skilled staff, equipment, drugs, protocols 
and supplies) for newborn care. These findings have important policy and programmatic 
implications for informing the design and delivery of evidence-based newborn interventions 
in Uganda, and other similar settings.  

4.1 Poor coverage and quality of newborn care practices  

The overall level of coverage of newborn care practices was low when assessed as composite 
outcomes Of newborns, 46% had a facility delivery, and when assessed as composite 
outcomes only 38% were judged to have had good cord care, 42% had optimal thermal care, 
and only 57% were considered to have had adequate neonatal feeding. The low coverage 
levels of composite outcomes were contrary to that of some individual practices. For 
instance, good cord care as a composite outcome had a coverage of only 38%, and yet use of 
a clean instrument to cut the umbilical cord (85%) and clean thread to tie the cord (90%) 
were high, but no substance applied to the cord was low (51%). The trend was similar for 
optimal breastfeeding and good thermal care. Thus, coverage of some practices might be 
high when assessed as individual practices, but quite low when evaluated as composite 
practices. These findings imply that, put together, i.e. assessed as composite outcomes, the 
majority of newborn babies are not accessing adequate preventive practices.  
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The coverage of adequate newborn care practices was not influenced by place of delivery. 
These findings differ from those reported from rural Uttar Pradesh [23], where it was found 
that ANC and skilled attendance were associated with clean cord care and early 
breastfeeding.  

The findings indicate that although almost all mothers breastfed their babies, about half of 
the infants were not breastfed within the first one hour  as is recommended [24], thereby 
putting these neonates at an increased risk for death [25]. In addition, more than one-third 
of respondents reported that they gave feeds other than breast milk in the neonatal period. 
A study by Engebretsen et al. conducted in eastern Uganda [26] found that only 7% of 
infants were exclusively breastfed by age three months. In other words, both their study and 
ours show that as early as the neonatal period, over one-third of infants are not exclusively 
breastfed. The low coverage of essential newborn care practices means that the prevent 
aspect of care for the newborn is weak, and needs strengthening. 

The coverage of composite newborn care practices did not differ between the least poor and 
the poorest, i.e. coverage seemed not to be modified by socioeconomic status. This was 
despite good physical access to health facilities. Usually, mortality is higher and coverage is 
lower among the poorest [27]. Further, it has been documented elsewhere that universal 
interventions often reach the least poor first and the poorest later [28], but this was not the 
case here.  

There are several possible explanations for the lack of differences in coverage across 
socioeconomic groupings. First, in the study setting, there were no specific programmes 
promoting newborn care in the study districts during the previous five years (and therefore 
even the least poor were not accessing the desired care practices). Secondly, it may be that 
SES classifications in quintiles as based on assets (such as type of material used for floors in 
houses or as possession such as a bicycle) may not classify people in relation to newborn 
care practices. The study lacked power to find a difference in composite newborn care 
practices by SES. 

4.2 Acceptability of evidence-based newborn care practices at community level 

Despite the low coverage of newborn care practices shown above, most of the globally 
recommended newborn care practices were acceptable to community members (mothers, 
fathers, grandmothers, grandfathers and CHWs), but they were not well promoted by 
providers which might be the explanation for the low coverage. On the other hand, the 
majority of women reported that they would prefer to have a health facility delivery, 
although in practice women often did not manage, mainly because of a number of barriers, 
including costs, distances, rude health workers and the challenges of accessing health care at 
night. These same challenges were identified in two recent published reviews as 
contributing to care-seeking delays for delivery care [29, 30].  

Among the globally recommended evidence-based newborn care practices, a few were 
deemed to be less acceptable to most community members. For example, although the WHO 
guidelines recommend that nothing should be put on the cord [31], and that bathing of 
babies should be delayed, this was not deemed acceptable many community members or 
health care providers because of various perceptions or barriers. The perceived need for 
early bathing was of the newborn is strong in this community. Some of the reasons given 
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included a belief that putting substances on the cord helps the cord to “heal fast”, and that 
“babies are born dirty” or that mothers expected “visitors to find the baby clean”. A study in 
Tanzania showed that many communities support the notion that the umbilical cord is 
thought to make the baby vulnerable to witchcraft, and great care is therefore taken to shield 
both the mother and baby from bad spirits until the cord falls off. Such forms of ‘protection’ 
include applying drugs, cow dung, and powder to help heal the cord. Bathing also plays a 
role here, and babies are bathed early, sometimes with cold water [32]. Studies in South Asia 
have reported similar findings, including unhygienic cord cutting and care, as well as early 
bathing [23, 33-36]. The implication of these findings is that interventions to promote dry 
cord care and delayed bathing must focus on both the individual and the community. 

The finding that some globally recommended evidence-based newborn care practices might 
not be acceptable, and are therefore not promoted or implemented at the community level, 
raises the issue of “fit” and whether or not “evidence-based” interventions actually fit in the 
local implementation context (referred to as ‘glocal’). There is no “one size fits all” to 
neonatal survival [12], and interventions proved effective in one setting, may, in another 
setting, need to be preceded by local adaptation so as to be ‘tailored’ to the local context 
before being scaled up [4, 37, 38]. This is important for understanding the “black box of 
implementation” [39, 40] A compromise of practices might be needed, such as wiping 
instead of early bathing, or applying a safe substance to the umbilical cord (such as 
chlorhexidine) [41, 42].  

4.3 Delays contributing to newborn deaths 

As pathological causes, sepsis or pneumonia, followed by birth asphyxia, and then preterm 
births were the leading causes of death overall, as reported elsewhere for low income 
countries [5, 43]. However, as ‘social causes’ of deaths, when the modified three delays 
model [22]was applied, the findings showed that 50% of newborn deaths were mainly 
related to recognise delay (Delay 1 or delay in illness recognition and deciding to seek 
outside care), and 30% were due to treat (Delay 3 or poor quality care at health facilities), 
while 20% were due to access or transport problems (Delay 2). The delay to seek seemed not 
to be a major problem in the study setting due to a relatively good physical access to health 
facilities, which may not be the same across Uganda. Together, delays recognise and treat 
contributed to 80% of the newborn babies who died. These findings on the contribution of 
delays to newborn death differ from those in a Tanzanian study by Mbaruku and 
colleagues, which was one of the first studies to apply the three delays model to perinatal 
death [44]. The latter reported that most newborns died as a result of the third delay; 
however, Mbaruku’s study only collected data from the hospital and did not include older 
neonates (>1 week).  

4.3.1 Delay 1: Delays in problem recognition and delays in deciding to seek care  

Of the newborn babies who did not die on the day of birth, most deaths occurred following 
delays at home. The majority were sick for at least three days before care was sought outside 
the home. Nearly half of the at-home deaths resulted from sepsis or pneumonia (III). 
According to the original model by Thaddeus and Maine [22], delays at home could be a 
reflection of problem recognition or a delay in deciding to seek care. Given the fact that 
newborn babies are very vulnerable, a delay of three days which we found before seeking 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

32

care outside the home is grave, and such sick newborns may not be helped by weak health 
facilities.  

A recent ethnographic study in Ghana found that mothers might not be able to recognise 
serious illness in their newborns, and they also often do not seek care outside the home even 
when they do recognise serious illness [45]. It seems that even when parents are made to 
recognise the need to seek outside care, decision-making can be problematic. An 
intervention trial in Bangladesh, in which CHWs conducted intense surveillance of sick 
newborns, identified two challenges especially for young neonates: reaching neonates 
within the first two days after birth and ‘parental compliance with advice to seek outside 
care’ [46]. Studies in older children conducted in the same setting [47, 48], and elsewhere in 
Uganda [49], have identified challenges to care-seeking as mainly related to cost. 

From the above it is clear that efforts to improve newborn survival in Uganda must address 
‘Delay 1’ delays related to recognition and decision-making. 

4.3.2 Delay 2: Delay in reaching a health facility 

Of newborn babies who died, 20% were related to Delay 2, and the main cause of death was 
birth asphyxia . The seemingly low contribution of transport delays to babies who died may 
be explained by the fact that the study setting had generally good physical access to health 
services, and availability of bicycles and motorcycles as means of referral was good. 
However, for transportation to be effective, it must also be of the right quality. A limitation 
of the second delay as originally presented by Thaddeus and Maine [22] is that it does not 
call for assessing the quality of transportation. Transport of seriously ill children has been 
identified as an important but neglected issue in global health [50]. There is evidence that 
morbidity and mortality of critically ill patients are much reduced if specially trained teams 
availed transport and delivered life-saving treatments [51, 52]. However, such transport 
facilities cannot be met by the current bicycle and motorcycle services in the area. As such, 
transport for seriously sick children needs to be improved.  

4.3.3 Delay 3: Delay in receiving quality care at a health facility 

In total, 33% of newborn deaths were attributed to health facility-related delays and resulted 
mainly from prematurity (37%), followed by birth asphyxia (32%). The health facility 
assessment conducted in the area showed inadequacy in the number of qualified providers. 
Further, available providers lacked knowledge about managing newborn babies. A 
knowledge assessment on care during pregnancy, delivery and postnatal care showed the 
average score to be low, especially on questions related to newborn care (31%). These 
findings are similar to those reported elsewhere in low income countries [18, 53]. The health 
facility assessment also showed a general lack of basic newborn equipment, drugs 
(injectable ampicillin and gentamycin), supplies and an effective referral system. For 
instance, only 44% (7/16) of health facilities had a delivery kit, 44% (7/16) had a neonatal 
weighing scale and only 6% (1/16) had a neonatal resuscitation kit. Thirteen percent of 
newborn deaths occurred in small private clinics; where capacity to manage the newborn 
was also very weak. Similarly, a recent study of Kenyan hospitals also found that these did 
not have a capacity to manage sick newborn babies [54].  
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Thus, in terms of the three delays model, a lack of skilled staff, protocols, drugs and 
equipment coupled with weak management often lead to treat delays in providing quality 
care for sick babies as well as other newborns at risk of death, such as those with birth 
asphyxia or prematurity. The risk of deaths for newborn babies is made even worse when 
one considers that in Uganda, it is currently presumed that sick newborn babies can only be 
managed at higher level health facilities. This effectively means that because of policy 
regulations, the lowest level of health facilities (HC-IIs) are not allowed to have the basic 
newborn drugs and equipment, and their role in care is thereby limited to the initiation of 
treatment prior to referral. Such limitations remain, despite the fact that well documented, 
evidence-based constraints to care-seeking for sick children to attend health facilities have 
been identified [47, 48, 55-61]. Thus, reducing the treat delay by bringing qualified staff, 
equipment, antibiotics, supplies and guidelines to improve newborn care at health facilities 
of all levels is critical for newborn survival in this setting. 

4.4 Addressing the delays that lead to newborn deaths 

The findings suggest that besides problem recognition, referral for sick newborns also needs to 
be improved, both from the community and from first level health facilities, as findings show 
that most caretakers of sick newborns do not comply with referral advice. To improve 
newborn survival, interventions need to address both supply and demand-side practices and 
care. Thus, there is a need to strengthen both health facility and community programmes if 
newborn care is to be improved in low-income countries [8, 15, 62, 63]. To reduce newborn 
death, addressing delay 1 or delay in problem recognition and in deciding to seek outside care 
will be critical, as it was a major contributor to half of the deaths investigated in this study.  

Based on a number of small efficacy studies, almost all from Asia [62, 64-66], efforts to scale 
up newborn care in low income countries through community based interventions are 
gathering pace. Community-based interventions can address delays in problem recognition 
of sick newborns (delay 1) by promoting supervised deliveries, birth preparedness and 
raising awareness on maternal and newborn danger signs. These are some of the practices 
we have found to be deficient in this setting [67]. However, unless community interventions 
include treatment and care at home, their success will mainly depend on strengthening of 
health facilities so that women in labour and sick newborn babies receive quality care. It has 
been suggested that introducing maternal and perinatal audit in health facilities [68], and 
improving neonatal resuscitation skills among health workers [69] are effective strategies to 
address quality of care issues for newborn babies. However, operationalising this in low-
income countries remains a challenge as recent reviews have shown that the understanding 
of how to reduce health facility based newborn deaths is still limited [70, 71]. 

4.5 Perceptions and care for preterm and other newborn babies 

The study on preterm care demonstrated several missed opportunities for health promotion 
activities to improve care of preterm and other low birth weight babies. Mothers were doing 
their best to care for preterm babies, but care practices were of poor quality and potentially 
harmful. At community level and in health facilities, including the general hospital, no STS 
or KMC was practiced. To keep warm, e.g. babies were wrapped in many clothes. Although 
most preterm babies were managed at home, care practices were of poor quality. For 
instance, and in addition to practices already mentioned, mothers reported using hot objects 
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such as jerry cans filled with hot water and charcoal stoves to keep preterm babies warm. 
Therefore, these mothers perceived preterm babies as needing special care.  

Furthermore, information from interviews showed that community members were 
generally not fatalistic in their attitudes, as was also found in Malawi [72]. Thus, in terms of 
the TRA, the mothers had a positive attitude towards preterm care,  meaning that if health 
providers took advantage of this opportunity to promote newborn care practices, the 
chances of them being accepted was likely to be high (high outcome expectancy). However, 
missing was the promotion of desired practices by caregivers. Recent reviews have re-
emphasised the importance of implementing interventions to improve the care of preterm 
births, which is not only the leading direct cause of neonatal mortality, but also accounts for 
an estimated 27% neonatal deaths every year and is a risk factor for many neonatal deaths 
resulting from other causes such as infections [43]. Providers of health care should take 
advantage of this perceived positive attitude towards preterm babies by promoting the 
recommended care practices at both health facility and community levels. 

A number of mothers were putting powder or antiseptics, among other substances, on the 
cord, and were using a bottle to feed the baby or were mixing/replacing breastfeeding 
(especially at initiation of feeding) with various substitutes such as glucose or sugar water or 
honey. Whether these are replacing other “more dangerous” practices, such as putting cow 
dung, dust or ash on the cord (as prevalent in the study area in the past) could not be shown 
in a cross-sectional study. But powder, antiseptics and bottle feeding are relatively new 
phenomena.  

Similar ‘new’ practices  have also been reported from Bangladesh [34], India [33] and Tanzania 
[32]. Moran and colleagues reported that women apply several substances to the cord 
including talcum powder and savlon (an antiseptic liquid). In addition, initiation of 
breastfeeding is often done by giving other substances such as honey and sugar water, and the 
authors suggest that such practices are a consequence of increasing urbanisation [34]. The 
Uganda Demographic Health Survey [73] and a study from western Uganda found that use of 
pre-lacteals was common even among educated mothers [74]. Studies on breastfeeding 
patterns in low income countries suggest that changes in breastfeeding have been influenced 
by marketing of formula milk, urbanisation, and the need for women to work away from 
home [75]. Thus, applying the TRA, these findings seem to suggest that within a changing 
environment the practices of mothers may be influenced by perceived social norms in which 
caregivers are aware of the expected behaviour and are willing to comply with such 
expectations, that is, they may associate some of these practices with ‘modernity’. If these 
assumptions are true, then the implication is for a need for interventions targeting the entire 
population so as to diffuse the perceived social norms that are evolving. Here, the example of 
infant formula replacing breastfeeding is a warning example of how ‘modern’ practice with 
commercial interests can lead to a practice transition [76, 77]. 

5. Conclusion 
Newborn care practices are generally poor across all socio-economic groups. This is despite 
the fact that most evidence-based newborn care practices were acceptable to community 
members although a few were not deemed acceptable. Delays occur at all levels of the 
continuum of care including home, access and at health facilities. The design of interventions 
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for the implementation of evidence-based newborn care practices needs to be tailored to the 
local context. In order to reduce newborn deaths, a universal strategy targeting the entire 
population is needed and should utilise the many missed opportunities in current 
programmes. Capacity to manage newborns should be built at health facilities, including 
private clinics and those at the lower level. Community health workers in health facility-
linked preventive and curative newborn programmes may assist in underserved 
areasPolicymakers need to mitigate a possible newborn care practices transition in which 
“suboptimal” practices are being replaced with “modern” practices. This can be done 
through proper training, provision of clear guidelines and support for health workers, and 
by especially ensuring that health facilities have adequate supplies. 

Implementation research on how to reduce care-seeking delays and improve referral and 
care at home and in both private and public health facilities for newborn babies is 
recommended. In addition, exploration should be done on how to best integrate CHWs into 
maternal and newborn care in health facility-linked programs, especially the interface with 
primary level health facilities. Such an intervention, the Uganda Newborn trial (UNEST) 
(trial register ICRCTN 50321130), was designed based on the findings described in this 
paper and implemented in the two study districts. The study is thus an example of research-
to-programmes and policy, since results and experiences from each stage are constantly fed 
to policy makers. 
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1. Introduction 
Nutrition plays an important role in achieving optimal growth and development of the high 
risk neonate. Recent developments have shown that aggressive parenteral nutrition defined 
as relatively high amounts of parenteral protein and lipid commencing on the first day of 
life reduces the incidence of ex-utero growth retardation (EUGR) and associated morbidities.  

For preterm infants, early minimal enteral feed and a standardised feeding regime have 
improved clinical outcomes. Probiotics appear useful in further reducing the incidence of 
necrotizing enterocolitis (NEC).   

Short-gut syndrome is not infrequent after NEC and fish oil lipid emulsions are useful in the 
prevention and treatment of intestinal failure-associated liver disease (IFALD).  

Use of preformed silos has been shown to improve the outcomes of gastroschisis by 
decreasing the risk of abdominal compartment syndrome and iatrogenic gut ischemia.  

Until recently, neonatal haemochromatosis was considered uniformly fatal disease and only 
curative treatment was liver transplantation. Exchange transfusion and intravenous 
immunoglobulin therapy are emerging as potentially curative strategies for this condition.  

High index of suspicion and early diagnosis and management of malrotation is highly 
essential to prevent the dreaded complication of volvulus with intestinal gangrene.  

The WHO 2006 growth charts are useful in monitoring the subsequent growth term infants 
and avoid over-diagnosis of growth failure and under-diagnosis of obesity. These growth 
charts also have the potential of being useful in monitoring the growth of preterm infants 
after post-conceptional age of 40 weeks. 

In this chapter, we have reviewed all these recent advances and potentially better practices 
which most likely will help improve the outcomes of high risk neonates. 

2. Recent developments in nutrition for preterm infants 
Growth retardation after preterm birth or EUGR is defined as discharge weight less than the 
10th percentile of intra-uterine growth expectation. The risk of EUGR increases with 
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decreasing gestational age and birth weight. Dusick et al (Dusick et al. 2003) using NICHD 
network (National Institute of Child and Human Development) reported that nearly 100% 
of very low birth weight (501 – 1500g) infants have growth failure at 36 weeks post-
conceptional age (PCA). They also reported that 40% were still less than the 10th percentile 
for weight at 18 months of age.  

Impaired growth during and after discharge from hospital is associated with increased 
neurodevelopmental problem in infancy and early childhood(Latal-Hajnal et al. 2003, 
Ehrenkranz et al. 2006). Current consensus is that the neonatologists should be focused on 
improving the early nutrient management of these infants, allowing them to reach an adequate 
growth rate (at least 18-20 g/kg/d), thereby avoiding the need of a late un-physiological catch-
up growth(Fanaro 2010). Hence, nutritional guidelines have been revised with the aim of 
reducing EUGR and sequalae (Tsang R et al. 2005). The revised nutritional recommendations 
theoretically should result in body composition similar to a healthy fetus that has less body fat 
than most preterm infants currently have at term. The new guidelines recommend protein 
intakes of 3.5 to 4.5g/kg/day and up to 130 – 150 kcal/kg/day.  

Once EUGR occurs, excessive catch up growth may lead to increased adiposity and insulin 
resistance and metabolic syndrome later in life (Yeung 2006, Morrison et al. 2010). This has 
led to a dilemma after discharge: whether to aim for better nutrition to achieve improved 
neurodevelopmental outcomes, which may come at a cost of early-onset obesity and 
diabetes (Ong 2007). 

A recent randomised trial has shown that catch-up growth if achieved with optimal 
nutrition may not lead to excessive central adiposity(Cooke et al. 2010). Preterm infants with 
a GA <34 wk and a birth weight of <1750 g were randomized immediately before hospital 
discharge to be fed with a nutrient-enriched formula or a standard formula for 6 months. 
They found that more rapid and more complete “catch-up,” was noted in infants fed with 
the nutrient-enriched formula. This "catch-up" was due to increased fat free mass and fat 
accretion on the legs rather than central adiposity measured by DEXA. 

The results of this RCT provide some reassurance that catch up growth and hence improved 
neurodevelopmental outcomes may be achievable without paying the price of increased risk 
of obesity, diabetes and hypertension. Similar studies and long term follow up are desirable 
to gain further knowledge in this area. 

2.1 Parenteral nutrition 

In extremely preterm infants, at least 1.5g/kg/day of protein is required to prevent negative 
nitrogen balance and 3.5g/kg/day to achieve positive balance (fetal equivalent) . It has been 
calculated that if a 26 week gestation infant receives only glucose, he will have a 25% deficit 
of body protein by 1 week of age (Dusick et al. 2003). There is evidence from randomised 
controlled trials that an aggressive nutritional regime in the early weeks can minimise the 
large protein deficit most ELBW babies incur, and reduce the rate of extra-uterine growth 
retardation (Wilson et al. 1997, Dinerstein et al. 2006). Starting parenteral nutrition on day 1 
and providing at least 3g/kg/day amino acids by day 5 will reduce the incidence of EUGR, 
improve nitrogen retention and maintain amino acids within the fetal reference 
range(Poindexter et al. 2006, te Braake et al. 2007). Extremely low birth weight (ELBW) 
infants require 70 kcal/kg/d for basal metabolic rate. Their glucose requirement is 8-12 
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mg/kg/min (45-56 cal) with the balance of non-protein cal given as intravenous lipid. Early 
lipid (day 2-4), up to 3g/kg/d (27cal/kg/d) is well tolerated with no documented adverse 
effects(Simmer and Rao 2005). The lipid emulsion currently used in Australia is based on 
soybean oil and is rich in essential fatty acids (EFA, 60%). Alternative lipid emulsions with a 
mixture of olive, and soybean oil are available commercially in some countries. Advantages 
of the new blends include lower EFA content and more alpha tocopherol which may result 
in improved ability to synthesise longer chain metabolites which are the precursors of 
eicosanoids, reduced lipid peroxidation and oxidative stress, and attenuation of 
immunosuppressive effects linked to LA. More recently, fish-oil based emulsions have been 
introduced to prevent and treat parenteral-nutrition induced cholestasis, and to provide 
preformed DHA. Lipid emulsions available for neonatal parenteral nutrition are reviewed 
by Deshpande & Simmer (2011) (Deshpande and Simmer 2011). 

2.2 Enteral nutrition 

Minimal enteral feeds, even for very immature infants, should be started in the first few 
days at 5 – 10mls/kg/day of human milk. The earlier that enteral feeds are commenced, the 
earlier full enteral feeds are achieved. Early full enteral feeds is associated with reduced late 
onset sepsis with no increase in NEC (Ronnestad et al. 2005, Kennedy et al. 2000). Mother’s 
own milk (MOM) is the feed of choice as benefits include improved intelligence, lower 
infection rates and less NEC (Vohr et al. 2006, Schanler 2001).  

Early milk has higher content of nutritional and immunological factors and should be used 
first. Freezing the milk will greatly reduce the viral CMV load and therefore risk of CMV 
transmission from unpasteurised milk. If inadequate MOM available, pasteurised donor 
human milk (PDHM) is preferred to artificial formula. All human milk will require 
fortification for preterm infants to meet recommended nutritional intakes for optimal 
growth. Feeds are usually fortified after full enteral feeds are tolerated because of possibility 
that the higher osmolality of fortified milk may contribute to NEC. Commercial fortifiers 
contain protein, energy, calcium, phosphate, sodium, minerals and vitamins and are well 
tolerated by most preterm infants. If MOM and PDHM are unavailable, preterm infants 
should be fed preterm formula rather than term formula until discharge, as it is tailored to 
meet the nutritional needs of preterm infants. There is concern that cows’ milk protein is a 
risk factor for NEC and for allergic disease in childhood (Berg et al. 2010, von Berg et al. 
2008) and there are commercial fortifiers and preterm formula available that do not contain 
intact cows’ milk protein. 

2.3 Human Milk Banks (HMBs) 

For preterm infants PDHM reduces the incidence of NEC four fold and improves feed 
tolerance(Quigley et al. 2007). This may be associated with reduced days of parental 
nutrition and earlier discharge from hospital. Pasteurisation reduces the protective effects of 
human milk but feeding PDHM is still associated with a lower incidence of infections than 
feeding formula. 

Most informal HMBs closed in the 1980’s due to the discovery that the HIV virus could be 
transmitted through breastfeeding. Many countries have now re-established human milk 
banking with comprehensive risk management processes, most HMBs provide PDHM for 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

42

preterm infants while in hospital. In Australia, the HMB runs by the code of good 
manufacturing practices (blood and tissues) and models risk management on codex HACCP 
(Hazard Analysis Critical Control Point) requirements(Hartmann et al. 2007). Parental consent 
for PDHM is obtained by lactation consultants to ensure full support of breastfeeding.  

2.4 High dose supplements 

Long chain polyunsaturated fatty acids (LCPUFA) especially docosahexaenoic acid (DHA) 
may be important for optimal neurological development of preterm infants. The Cochrane 
Review of LCPUFA supplementation of formula for preterm infants found that there was 
little evidence to support a benefit but a suggestion but supplementation was usually low 
dose as it was aimed at breast milk equivalence (0.2-0.5% DHA) (Schulzke et al. 2011). 
Makrides et al (2009) randomised 657 infants < 33 weeks gestation to high dose DHA, 
(approximately 1% DHA aimed at in utero supply) by supplementing lactating mothers to 
increase breast milk DHA (average breast milk levels). Bayley mental developmental index 
was higher at 18 months (girls only) and there was less developmental delay (all infants) 
especially in the < 1250 g subgroup, with high dose DHA supplementation compared with 
low-moderate dose (0.3% DHA). (Makrides et al. 2009).  

Vitamin A is required for normal lung growth and meta-analysis of clinical trials suggests 
that Vitamin A supplementation is associated with reduction in death and chronic lung 
disease in preterm infants. The optimal dose for extremely low birth weight infants (<1kg) 
appears to be 5000 IU IM three times weekly for four weeks (Darlow and Graham 2007). 
Vitamin A delivery from parenteral nutrition is better if added to lipid emulsion. 

Probiotic supplementation of VLBW infants reduces death and NEC (Deshpande et al. 2010). 
Sourcing a preparation is challenging in most countries. On-line evidence-based guidelines 
for the use of probiotics in preterm infants are available(Deshpande et al. 2011). 

In summary, avoidance of postnatal growth retardation, early parenteral nutrition with 
fish/olive oil based lipid emulsions, early enteral feeding with human milk, supplementation 
with DHA, vitamin A and probiotics are potentially best practices to achieve optimal clinical 
outcomes after preterm birth. 

3. Intrauterine growth restriction 
3.1 Definition and diagnosis 

Birth weight is determined by gestational age at time of delivery and by fetal growth rate (5 
g/d at 14-15 wk gestation; 10 g/d at 20 w gestation; 30-35 g/d at 32-34 w gestation) 
(Williams et al. 1982)) and its classification describes an infant’s birth weight relative to a 
population reference. In statistical terms, small for gestational age (SGA) denotes a birth 
weight two standard deviations (SD) below the median birth weight for gestational age 
(GA). Although <2 SD below the median approximates the 2.3rd percentile(De Curtis and 
Rigo 2004), and may be a more relevant cutoff for indicating perinatal risk, neonates with a 
birth weight below the 10th percentile for GA are commonly classified as SGA. The term 
SGA is often used synonymously with intrauterine growth restriction (IUGR), largely 
because of the difficulties associated with diagnosing IUGR. However, the SGA infant 
population is a heterogeneous group, with some being constitutionally small, without any 
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underlying pathology (80-85%) whilst others have demonstrated IUGR, implying 
conceptually, that genetically determined growth potential has not been achieved in 
utero(Breeze and Lees 2007, Levene et al. 2000). Distinction between a healthy small fetus 
and one with IUGR can be facilitated by ultrasound examination to detect chromosomal 
abnormality, amniotic fluid volume changes, serial fetal growth symmetry monitoring and 
Doppler studies. Utilising customised standards for fetal growth and birth weight that 
adjust for maternal variables of height, weight, parity and ethnic group, may further 
improve the accurate detection of IUGR(Figueras and Gardosi 2011). The aim of identifying 
IUGR is to reduce associated perinatal morbidity and mortality, primarily by optimising the 
timing and mode of delivery of the growth restricted fetus.  

3.2 Incidence and aetiology 

The study of IUGR has been thwarted by ambiguous terminology and a lack of uniform 
standards and diagnostic criteria. Most recently this ambiguity has been demonstrated by 
Olsen et al.(2010). These investigators compared new intrauterine growth curves based on 
US data collected from 391 681 racially diverse infants to the commonly used Lubchenco 
curves(Lubchenco et al. 1963) and found that the SGA classifications differed significantly 
for each gestational age (p<0.0001), with the Lubchenco curves underestimating the 
percentage of infants who were SGA. Similarly, Goldenberg et al(1989) compared 13 
different standards from different populations and geographic areas and found a 
discrepancy of more than 500 g between GA-specific cut-off values used by different 
investigators to define IUGR. These anomalies affect the accuracy of incidence data. 
Nevertheless, IUGR is thought to affect 7-15% of all pregnancies worldwide(Alisi et al. 
2011), and a substantial proportion of IUGR fetuses are delivered preterm. IUGR is not a 
specific disease entity, but rather, is related to medical conditions compromising (i) 
placental circulation and efficiency (e.g. placental praevia, placental insufficiency and 
toxaemia of pregnanacy), (ii) fetal growth and development (e.g. chromosomal disorders, 
congenital malformations, multiple gestations and infection) and/or (iii) maternal health 
and nutrition (e.g. pregnancy induced hypertension, maternal hypoxia, vascular and renal 
disease, substance abuse and malnutrition)(Resnik 2002). The timing of the insult 
determines whether IUGR is symmetrical or asymmetrical, an outcome linked 
predominantly to the three phases of fetal growth (cellular hyperplasia: first 16 weeks of 
gestation; concomitant hyperplasia and hypertrophy: 16-32 weeks gestation; and cellular 
hypertrophy: 32 weeks to term). Early onset IUGR, arising from severe maternal vascular 
disease, infection (notably TORCH infections: toxoplasmosis, rubella, cytomegalovirus, 
varicella, HIV) and chromosomal or structural abnormalities such as cardiac and renal 
conditions, give rise to small infants with hypoplasia, who display symmetrical growth 
reductions in weight, length and head circumference (no head-sparing effect) and have a 
normal ponderal index (PI) [PI = (birth weight (g)/Length (cm)3)*100; normal PI is ≥ 2.41; 
low PI is <2.41]. These infants are unable to achieve their genetically determined growth 
potential. Later onset of IUGR results from utero-placental disorders and maternal factors 
leading to impaired delivery of oxygen and nutrients from the placenta. These factors come 
into play at different times and to varying degrees of severity during pregnancy, but 
generally, later onset IUGR results in asymmetric growth characterized by a relatively 
greater decrease in abdominal size (subcutaneous fat and liver volume), low PI, and sparing 
of head and length(Levene et al. 2000) with potential for some catch up growth. 
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3.3 Pathophysiology 

Compared to gestational-age matched peers, those with IUGR are at higher risk of 
morbidity and mortality(Damodaram et al. 2011), particularly if growth restriction is 
severe(Vossbeck et al. 2001, Wienerroither et al. 2001) and delivery is very preterm(Bernstein 
et al. 2000). The fetus chronically deprived of oxygen and substrates is at increased risk of 
stillbirth, fetal distress, congenital malformation, meconium aspiration, cord compression, 
premature rupture of membranes and preterm birth. Neonatal death, asphyxia, 
hypoglycaemia, meconium aspiration syndrome, polycythaemia, hyperviscosity, 
hypothermia, infection, pulmonary haemorrhage and transient neonatal hpyperglycaemia 
are anticipated features of the growth-restricted neonate(Damodaram et al. 2011, Levene et 
al. 2000). The IUGR preterm infant is also at increased risk of developing necrotizing 
enterocolitis and respiratory distress syndrome(Bernstein et al. 2000), and may demonstrate 
continued impaired growth and developmental delay(Bhide 2011, Levene et al.. 2000). IUGR 
is also associated in later life with features of the metabolic syndrome, including insulin 
resistance, hypertension, impaired glucose tolerance(Barker 2004) and very recently, 
nonalcoholic fatty liver disease(Alisi et al. 2011). The fetal adaptations to inadequate 
nutrition and subsequent IUGR that produce these long-term outcomes are incompletely 
understood but relate to fetal glucose and fuel metabolism. The adaptations have apparent 
survival value for the fetus by encouraging efficient glucose and energy utilization, by 
reducing uptake of amino acids for growth, by reducing production of anabolic hormone, 
and by increasing glucose supply to vital organs. In the short-term, these survival-motivated 
adaptations result in asymmetrical growth with some head and length sparing but if these 
adaptive mechanisms are prolonged or if their onset is more easily inducible in later life, the 
potential may exist for energy uptake beyond metabolic capacity(Thorn et al. 2011). The 
adverse outcomes of mismatched pre- and postnatal nutrition and catch up growth have 
been well demonstrated in animal models (Cleal et al. 2007, Ozanne and Hales 2004).  

3.4 Management 

The current treatment for IUGR is delivery and the main considerations need to be timing 
and mode of delivery, balancing the risk of neonatal morbidity with continued exposure to a 
stressful intrauterine environment. Careful monitoring of fetal and uteroplacental function 
with tests such as serial ultrasound scans, Doppler assessment of umbilical flow and cardiac 
monitoring will assist in determining optimal delivery time. Admission to a special care 
nursery (SCN) for observation is necessary for the severely growth restricted infant. It is 
worth noting that the IUGR phenotype includes decreased pancreatic development and 
insulin secretion capacity, as well as an up-regulated capacity for glucose uptake and a 
decreased capacity for synthesising protein for growth(Hay 2008). As Hay(2008) suggests, 
this could mean that equal rates of amino acids infused into a chronically IUGR infant may 
not translate to the same increase in growth as that observed in the healthy fetus born 
preterm and further, that attempts to infuse higher rates of intravenous glucose may 
produce both lactic acidosis and lipogenesis more readily in the IUGR infant than in the 
healthy preterm infant. Nutrition recommendations that specifically target IUGR preterm 
infants are lacking. Feeding regimes for IUGR preterm infants are usually similar to those 
who are appropriately grown, with some caution as feeds are progressed because of 
increased risk of NEC. Attention should be given to providing adequate nourishment for the 
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IUGR preterm infant from birth so that percentiles are at least maintained and so that 
extrauterine growth is of proportionate composition to that of the age-matched fetus. 

3.5 Future research directions 

Future research should focus on developing nutrition recommendations and feeding 
strategies specific for IUGR preterm infants. 

Further investigation of the quality of catch up growth achieved by asymmetrically grown 
IUGR preterm infants in response to macronutrient and energy intakes and implications of 
catch up growth. 

Further elucidation of the mechanisms underlying fetal and postnatal adaptation to IUGR 
and the impact of these adaptations on long-term health. 

Standardisation of IUGR definition, diagnostic tools and method of diagnosis. 

4. Growth monitoring of preterm infants during NICU stay and post discharge 
Growth monitoring of preterm neonates is particularly important in the context of evidence 
that postnatal growth restriction is associated with long term adverse neuro-developmental 
outcomes (Ehrenkranz et al. 2006, Shah et al. 2006, Casey et al. 2006, Latal-Hajnal et al. 2003). 
Careful growth monitoring while in, and after discharge from, NICU has the potential to 
improve long term outcomes.  

4.1 Types of growth curves currently available for use in preterm infants 

A ‘standard’ chart represents the ideal healthy growth of a population and hence is of 
prescriptive nature. A ‘reference’ chart describes the population without making claims 
about the health of its sample and hence is descriptive in nature. At present, there are no 
standard growth charts for preterm infants. 

4.2 Intra uterine growth curves 

The American Academy of Pediatrics('American Academy of Pediatrics Committee on 
Nutrition: Nutritional needs of low-birth-weight infants' 1985) and Canadian Pediatric 
society('Nutrient needs and feeding of premature infants. Nutrition Committee, Canadian 
Paediatric Society' 1995) recommend intra uterine growth rates as the ideal growth of 
preterm infants. There are more than 25 studies reporting on such ‘intrauterine growth 
charts’. These have been best summarized by Karna et al (Karna et al. 2005). Lubchenko 
1963(Lubchenco et al. 1963) and Babson/Benda1976 (Babson and Benda 1976) charts are 
commonly used in many neonatal units around the world. Fenton et al(Fenton 2003) 
updated the Babson and Benda growth curves to develop contemporary ‘intrauterine 
growth curves’. Using preset criteria, three recent large population based surveys of birth 
weight for gestational age were identified. The Canadian study by Kramer(Kramer et al. 
2001) which had a sample size of 676,605 infants delivered between 22 to 43 weeks was used 
for updating the intrauterine weight section. Two large studies, one from Sweden(Niklasson 
et al. 1991) and one from Australia(Beeby et al. 1996) were used to update the intrauterine 
head circumference and length section. The data were averaged together using a weighted 
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average based on total sample size to derive the 3rd, 10th, 50th, 95th and 97th percentiles and 
create one growth chart. CDC 2000 growth charts were used to generate the growth curves 
from corrected gestation of 40 weeks onwards.  

The Fenton chart appears to be useful in monitoring the growth of preterm infants during 
their NICU stay till they reach corrected gestation of 40 weeks. It is used by many North 
American, European and Australian centres. Recently Olsen et al have published new 
intrauterine growth curves based on United States data(Olsen et al. 2010).  

The inherent problem with intrauterine growth charts is that, even though they are called 
“intrauterine” charts, they are in fact cross sectional data derived from anthropometry 
measured at birth on preterm infants delivered at various gestations. It is well known that 
fetuses delivered prematurely may not have reached full growth potential due various 
maternal/fetal morbidities and hence do not reflect the “ideal” growth. Also, these charts do 
not take into consideration, the normal 5-8% weight loss that occurs in healthy preterm 
infants in the first week of life. 

4.3 ‘Fetal growth curves’ 

Strictly speaking, only charts derived from longitudinal studies should be called growth 
charts, growth being a process extended over time(Bertino et al. 2007). Hence it may appear 
logical that ideal ‘intrauterine growth charts’ should be derived from serial and longitudinal 
assessment of physical parameters of weight, length and head circumference using fetal 
ultrasound technique(Johnsen et al. 2006). However, the drawback of this method is that 
fetal ultrasound is not very accurate in predicting the fetal weight. A systematic 
review(Chauhan et al. 2005) which analysed data from 58 articles over 28 years found wide 
variability in diagnostic accuracy of ultrasound examination in predicting the fetal weight. 
Another systematic review(Dudley 2005) concluded that the accuracy of estimated fetal 
weight using fetal ultrasound is compromised by large intra- and inter-observer variability. 
Also, maternal morbidities can result in fetal growth restriction, which in turn can result in 
non- ideal growth charts. In view of such limitations, fetal weight curves derived from the 
currently available ultrasound technology may not be appropriate for use as ideal postnatal 
growth of preterm infants.  

4.4 Reference’ Growth charts 

Many reference charts that describe the actual longitudinal growth of preterm infants 
during the course of their stay in the NICU have been published (Diekmann et al. 2005, 
Bertino et al. 2006). If these reference charts are used to monitor the ongoing growth of 
preterm infants, extra-uterine growth retardation would be considered as normal. Hence 
they may not be ideal for monitoring the growth of preterm infants. However, these charts 
give an idea of what can be achieved with the available resources and limits set by the 
morbidities of prematurity and can be used compare the growth of preterm infants between 
different units.  

4.5 A note of caution regarding the use of intra uterine growth charts 

Intra uterine growth charts may appear idealistic goals, but one needs to decide if it is really 
feasible and safe to attain those parameters. Attempts to promote physical growth by 
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aggressive enteral and parenteral nutrition have the potential to harm the sick preterm 
infant. Rapid increase in enteral feeding is a known risk factor for NEC (Berseth et al. 2003). 
In ELBW infants, high fluid intake associated with less weight loss during the first 10 days 
of life is associated with an increased risk of death and BPD (Oh et al. 2005, Wadhawan et al. 
2007). In addition excessive catch up growth may result in adverse cardiovascular outcomes 
later in life. Finken et al(Finken et al. 2006) and Euser etal(Euser et al. 2005) found that in 
subjects born very preterm, rapid weight gain in infancy was associated with a trend 
towards higher insulin levels at 19 years. They also concluded that rapid weight gain in both 
infancy and early childhood is a risk factor for adult adiposity and obesity. Similar concerns 
have been raised by other investigators (Ekelund et al. 2006, Singhal et al. 2007). 

4.6 Growth charts to monitor preterm infants from post-conceptional age of 40 weeks 
into early childhood  

Until recently, many countries used the growth charts released by Centers for Disease 
Control and Prevention (CDC 2000) for monitoring the growth of term infants and children. 
The same charts are usually used for ongoing growth monitoring of preterm infants  
after reaching a corrected gestational age of 40 weeks. The inherent problem with such 
charts is that they represent the actual existing growth patterns instead of recommended 
standards.  

To resolve this problem inherent with ‘reference’ charts, WHO has recently released new 
‘Standard’ growth charts for term infants and children(WHO 2006). The WHO multicentre 
growth reference study (MGRS), was conducted between 1997 and 2003 in 6 countries from 
diverse geographical regions: Brazil, Ghana, India, Norway, Oman and the United States. 
The study combined a longitudinal follow-up of 882 infants from birth to 24 months with a 
cross-sectional component of 6669 children aged 18-71 months. The study populations lived 
in socioeconomic conditions favourable to growth. The individual inclusion criteria for the 
longitudinal component were: no known health or environmental constraints to growth, 
mothers willing to follow MGRS feeding recommendations (i.e. exclusive or predominant 
breastfeeding for at least 4 months, introduction of complementary foods by 6 months of age 
and continued breastfeeding to at least 12 months of age), no maternal smoking before and 
after delivery, single-term birth and absence of significant morbidity. The eligibility criteria 
for the cross-sectional component were the same as those for the longitudinal component 
with the exception of infant feeding practices. A minimum of 3 months of any breastfeeding 
was required for participants in the study's cross-sectional component. Weight-for-age, 
length/height-for-age, weight-for-length/height and body mass index-for-age percentile 
and Z-score values were generated for boys and girls aged 0-60 months. The pooled sample 
from the 6 participating countries allowed the development of a truly international 
reference. The standards explicitly identify breastfeeding as the biological norm and 
establish the breastfed child as the normative model for growth and development. They also 
demonstrate that healthy children from around the world who are raised in healthy 
environments and follow recommended feeding practices have strikingly similar patterns of 
growth. These charts are recommendations for how children should grow. More than 100 
countries including UK, USA, Canada and New Zealand have started using the WHO growth 
charts for full term infants. The full set of tables and charts are available on the WHO website 
(www.who.int/childgrowth/en) together with tools such as software and training materials.  
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In the absence of other ideal growth charts, it may be reasonable to use these WHO growth 
charts to monitor the ongoing growth of preterm infants after reaching post-conceptional 
age of 40 weeks. 

4.7 Future research 

As discussed above, neither “intrauterine growth charts”, “fetal growth charts” nor 
“postnatal growth charts” are suitable for monitoring the growth of preterm infants till they 
become term. Similarly, CDC 2000 and WHO 2006 growth charts are also not ideal for 
monitoring the growth of ex-preterm infants. 

In order to establish normative growth charts, the Inter Growth 21st study by the International 
Fetal and Newborn Growth Consortium has commenced ('http://www.intergrowth21.org.uk/' 
Accessed 18 September, 2011). The study aims to recruit 4500 healthy women aged 18-35, 
who had regular menstrual cycles and conceived spontaneously and do not have major 
health issues and practice healthy lifestyles. Study participant women are recruited from 9 
countries across five continents. They undergo 6 scans in addition to the initial dating scans. 
They are scheduled at 5 weekly intervals: 14-18 weeks, 19-23 weeks, 24-28 weeks, 29-
33weeks, 34-38 weeks and 39-42 weeks. Apart from the additional scans, they receive the 
standardized antenatal care. Based on expected 9% rate of prematurity, it is expected that 
around 360 infants would be born to these mothers (26-37 weeks gestation). Their 
longitudinal growth will be monitored for 8 months. This would include measuring weight, 
length and head circumference every 2 weeks for the first eight weeks and then monthly 
until eight months after birth. Those suffering from death or serious morbidities of 
prematurity such as NEC will be excluded. This will study will enable the derivation of 
prescriptive intrauterine growth curves as well as postnatal growth curves from a diverse 
population across five continents. 

In summary: 

1. Intra uterine growth curves, even though are not ideal, are recommended by leading 
professional paediatric organisations. In the absence of better charts, they are to be used 
for monitoring the growth of preterm infants.  

2. Postnatal growth curves describe the actual growth and hence are descriptive rather 
than prescriptive. They are not suitable for monitoring the growth of preterm infants. 

3. The aim when caring for preterm infants is to at least match the growth velocity of 
published best postnatal growth curves and strive towards reaching ideal growth 
velocities of intrauterine growth curves. 

4. Due to improvements in management of sick preterm infants, the growth of these 
infants in 1990 and 2000s is different from those of previous years. Hence it is preferable 
to use the growth curves developed based on preterm infants born after 1990. 

5. The Fenton chart which has updated the Babson and Benda’s chart with data from very 
large sample size of preterm infants born in the last two decades appears to be suitable 
for monitoring growth of preterm infants during their stay in the neonatal units.  

6. Once a post-conceptional age of 40 weeks is reached, the recently released WHO growth 
curves can be used to monitor their ongoing growth.  

7. While aiming for achieving intrauterine growth velocities in postnatal life, one should 
not lose sight of the potential short term adverse effects of aggressive nutrition and long 
term adverse effects of excessive catch up growth. 
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The currently ongoing “Intergrowth-21st study” has the potential to overcome the 
deficiencies of all the existing growth curves and will enable the establishment of 
prescriptive growth curves for monitoring the growth of preterm infants during and beyond 
their NICU stay into early childhood. 

5. Probiotics for the prevention of necrotizing enterocolitis 
Necrotizing enterocolitis is a devastating condition in preterm and very low birth weight 
neonates and carries significant mortality and morbidity (Berrington et al. 2011). Survivors 
of NEC suffer from significant adverse neurodevelopmental outcomes(Schulzke et al. 2007). 

The commonly employed strategies for its prevention are standardised feeding regimen, 
slow initiation and progression of enteral feeds and preferential use of breast milk (Morgan 
et al. 2011). In spite of these measures, NEC continues to occur and the latest figures suggest 
that the incidence in extremely low gestational age neonates is around 11%(Stoll et al. 2010).  

Gastro-intestinal colonisation by pathogenic bacteria is one of the important factors in the 
pathogenesis of necrotising enterocolitis(Claud and Walker 2001).  

Probiotics are defined as live microbial supplements that colonise the gut while providing 
benefits to the host(Millar et al. 2003). Supplementation with probiotic organisms have been 
shown to replace the pathogenic bacteria from the intestines by the normal healthy flora. 
This rationale lead to the conduct of randomised controlled trials, majority of which have 
consistently shown that probiotic supplementation reduces the incidence of severe 
necrotising enterocolitis (≥stage 2). Our meta analysis on this subject estimated a 
significantly lower risk of NEC in the probiotic group (relative risk [RR]: 0.35 [95% 
confidence interval (CI): 0.23–0.55]; P < .00001)(Deshpande et al. 2010). We concluded that 
further placebo controlled RCTs may not be necessary and probiotic supplementation 
should be offered routinely for all preterm infants. The updated Cochrane review also 
expressed similar sentiments (Alfaleh et al. 2011). However, others still are skeptical and 
advocate caution (Soll 2010, Neu and Shuster 2010) while others feel the evidence is enough 
to warrant routine use (Tarnow-Mordi et al. 2010, Barrington 2011) 

Further to this, our group has published evidence based guidelines for the administration of 
probiotics in preterm infants for those who believe in probiotic supplementation 
(Deshpande et al. 2011). Our suggestions for the routine administration of probiotics for 
preterm infants (≤ 34 weeks) are as follows: 

a. Selection of strains: Combination containing Lactobacillus and at least one 
Bifidobacterium species is preferable. Lactobacillus GG alone may not be effective. 
Dose: 3 × 109 organisms per day, preferably in a single dose 

b. When to commence: When the neonate is ready for enteral feeds, preferably within first 
7 days of life. 

c. How long to continue: At least until 35 weeks corrected age, or discharge. 
d. When to stop: Stopping the supplementation during an acute illness such as sepsis, 

NEC or perinatal asphyxia may be safe. 

A very important step is to find a good quality product meeting the strict criteria of 
individual countries’ drug administration bodies is essential. 
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6. Neonatal short bowel syndrome 
Short-bowel syndrome (SBS), which results from surgical resection or congenital defect 
(Goulet and Ruemmele 2006, O’Keefe et al. 2006) is a sub category of intestinal failure. 
Intestinal failure is defined as intrinsic bowel disease resulting in an inability to sustain 
growth, hydration and electrolyte homeostasis unless parenteral nutrition is provided. 
Intestinal failure results from intestinal obstruction, dysmotility, surgical resection, congenital 
defects, or disease-associated loss of absorption and is characterized by the inability to 
maintain protein-energy, fluid, electrolyte, or micronutrient balance. The Canadian 
Association of Pediatric Surgeons defines SBS as the need for parenteral nutrition greater than 
42 days after bowel resection or a residual small bowel length of less than 25% expected for 
gestational age (Wales et al. 2005). Normal small bowel length increases from 1145 cm between 
19 and 27 weeks of gestation through to 172 cm between 27 and 35 weeks of gestation to a 
length of 248 cm in neonates greater than 35 weeks of gestation (Touloukian and Smith 1983). 
At 1 year of age, small bowel length is approximately 380 cm (Touloukian and Smith 1983).  

The primary aetiologies of SBS in neonatal population are: Necrotizing enterocolitis, 
intestinal atresias, gastroschisis, malrotation with volvulus, and Hirschprung’s disease that 
extends into the small bowel(Gutierrez et al. 2011). 

The principles of management involve multidisciplinary approach focused on nutritional, 
pharmacologic, and surgical interventions that is directed to achieve maximal gut 
adaptation and full enteral nutrition while minimizing the complications of PN therapy.  

Providing nutrition parenterally is the essential until the gut adaptation is complete and full 
enteral feeds are tolerated to maintain growth, hydration and electrolyte homeostasis 
Adequate Glucose, amino acids, lipids and micronutrients should be administered to optimize 
growth and development. Generally it is recommended that the amount of glucose not to 
exceed 18g/kg body weight/day(Koletzko et al. 2008), which is shown to be the maximum 
rate of glucose utilisation. Excessive glucose infusion is considered to be one of the 
contributing factor for the development of intestinal failure associated liver disease (IFALD). 

Lipids are an important source of energy, essential fatty acids and fat soluble vitamins and 
an essential component of any parenteral nutrition (PN) regimen. Soya bean based lipid 
emulsions are the commonly used lipid source in most PN solutions. There is increasing 
evidence that soya bean based lipid emulsions can result in liver disease due to the pro-
inflammatory nature of the w-6 fatty acids. Fish oil based lipid emulsions are rich in w-3 
fatty acids which are anti inflammatory and have been shown to be protective against 
IFLAD and hence are preferred in patients with SBS, especially in those who are likely to 
need long term PN support(Fallon et al. 2010, Lilja et al. 2011). 

Low serum bicarbonate and sodium levels are common in patients with SBS due to 
increased fecal or stoma loss. The former may be managed by increasing acetate in the PN or 
enteral supplementation of sodium bicarbonate as tolerated. An important but often 
neglected complication is chronic body sodium depletion in babies with short gut. 
Prolonged sodium losses and inadequate supplementation leads to growth failure in 
neonates. Serum sodium levels may be maintained in the normal range despite inadequate 
supplementation due to compensatory hyperaldosteronism. Adequate sodium should be 
administered in the PN or enterally to maintain urinary sodium of > 30meq/l and 
sodium/potassium ratio of atleast 1 (Kocoshis 2010). 
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It is important to commence enteral feeds as soon as feasible to prevent complications of 
TPN and to enable intestinal growth and adaptation. A recent systematic review found very 
limited number high quality studies addressing the issue of enteral nutrition in infants and 
children with SBS (Olieman et al. 2010). Hence most of the recommendations are expert 
opinions or consensus based:  

a. Enteral nutrition should be initiated as soon as possible (ie, a few days after bowel 
resection). Volumes should be gradually increased by 1 mL/hr twice a week. Tolerance 
of new volumes can be assessed by (a) vomiting (more than three times per day/more 
than 20% of their daily enteral intake is extensive and indicates intolerance) and (b) 
quantity and consistency of stool, pH, and sugar reduction of stool. Enteral feeds could 
be advanced as long as stool or stomal output is <2 mL/kg/h. Because not all enterally 
administered calories will be absorbed, PN should not be decreased iso-calorically, 
especially in the initial stages. 

b.  Continuous enteral nutrition is the recommended mode of administration as it tends to 
cause less diarrhoea in patients with SBS. 

c. The use of breast milk is recommended. The use of breast milk (BM) has been shown to 
correlate with shorter PN courses and to promote intestinal adaptation. Beneficial 
components of BM include high levels of nucleotides, amino acids, and immunologic 
and growth factors. BM also has anti-infectious properties, and glycoproteins in BM 
deliver iron to the intestinal epithelium, stimulate proliferation and differentiation of 
crypt cells, influence brush border enzyme activity, and function as scavengers to 
prevent free radical–mediated tissue damage.  

d. Amino acid–based formulas have been associated with a shorter duration of PN-
dependence when compared with standard formula and can be used if BM is not 
tolerated.  

e. It is recommended to start oral-feeding as soon as possible. Oral feeding can be 
alternated with continuous enteral feeding. For example, continuous feeding might be 
stopped for 1 hour, and replaced by a 1-hour dose per bottle or short times of breast 
feeding. Solid food should be introduced at the age of 4 to 6 months, in low volumes to 
prevent diarrhea. 

f. Animal studies have shown that administration of colostrums protein concentrate may 
enhance the intestinal adaptation after massive bowel resection (Nagy et al. 2004).  

Neonates with SBS may have significant stool or stomal output that precludes transition to 
enteral feeds. Analysis of stool or stomal effluent for specific carbohydrate malabsorption 
(stool reducing substances and chromatography) and microscopy for fat globules will give 
valuable clues which will help modification of enteral formula in a rational manner. If no 
mechanical or infectious issues are evident, loperamide may be used to decrease stool or 
stomal output. Stomal re-feeding is also an effective strategy in patients with a long mucous 
fistula. Early stoma closure should be considered if significant fluid electrolyte imbalance 
occur due to high stomal loss and good length of colon is remaining.  

6.1 Predictors of outcome in neonates with SBS 

Eventual independence from PN support in short gut depends on various factors, including 
the residual length of neonatal small bowel, the health and adaptability of the remaining 
small bowel, presence of ileocaecal valve (ICV) and of colon. Traditionally a small bowel 
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length of 15 cm in the presence of ICV and 40 cm in the absence of ICV have been described 
as minimum essential for survival in patients with short bowel syndrome. 35 cm of neonatal 
small bowel is associated with a 50% probability of weaning from PN (Andorsky et al. 2001).  

Recent data suggests that percentage of expected small bowel for age rather than the 
absolute length may be a better predictor of outcomes (Wales and Christison-Lagay 2010, 
Diamond et al. 2010). In general, it is accepted that ileum is more adaptable than jejunum. A 
dilated, dysmotile gut fairs poorly than a healthy residual gut. The importance of viable 
colon in the survival of neonates and children with SBS is not clear with some studies 
showing benefit (Quiros-Tejeira et al. 2004) while the others did not (Diamond et al. 2010). 
The presence of colon is helpful because in patients with SBS, when undigested nutrients 
reach the colon it may induce changes that allow the colonic mucosa to enhance its capacity 
of water and electrolyte absorption as well as modifications that allow absorption of 
nutrients such as short- and medium-chain fatty acids. As more intact nutrients reach the 
colon, trophic hormones such as enteroglucagon may be stimulated, contributing to the 
intestinal adaptation process. Premature neonates may be at a distinct advantage with 
regard to intestinal adaptation (Goday 2009).  

The ICV slows the transit time of intestinal contents and prevents reflux of colonic contents 
and bacteria into the ileum. Resection of the ICV can cause bacterial reflux into the small 
bowel. The ensuing bacterial overgrowth can deconjugate bile salts, reduce bile salt 
absorption, and impair gut function. Most studies have identified preservation of the ICV as 
a favourable indicator of long term adaptation although recent studies have not found the 
presence of intact ICV to be predictor of final outcomes (Diamond et al. 2010, Spencer et al. 
2005). Citrulline is a non-structural amino acid that is primarily synthesized in the intestinal 
mucosa and hence reflects mucosal mass. Serum Citrulline levels correlate well with 
intestinal length and the ability to wean from PN. Infants with serum citrulline level 
persistently <15 mmol/L are usually unable to wean from PN (Fitzgibbons et al. 2009). The 
surgical treatment options for neonatal SBS in some centres include bowel conservation at 
the time of initial presentation, bowel lengthening operations and intestinal transplantation. 
However, recent experience suggests that the outcomes for infants and children with severe 
intestinal failure have improved over time and that neonates with extremely short gut, even 
as low as 10-20 cm of small intestine, eventually are able to be weaned off from the 
parenteral nutrition(Sala et al. 2010, Khalil et al. 2011). 

6.2 Complications of SBS 

Three specific complications are frequently associated with SBS: Intestinal Failure Associated 
Liver Disease (IFALD), Catheter Associated Blood Stream Infections (CABSI) and bacterial 
overgrowth. In addition poor growth and development will occur if adequate calories, 
electrolytes and micronutrients are not provided via PN. 

IFALD is a common and potentially life-threatening problem for paediatric patients 
receiving long-term parenteral nutrition (PN). The incidence increases with the duration of 
TPN(Buchman 2002) and can be as high as 85% in neonates receiving TPN for prolonged 
periods of time. The clinical spectrum of IFALD includes hepatic steatosis, cholestasis, 
fibrosis, and, ultimately, progression to hepatic cirrhosis with portal hypertension and end-
stage liver disease. Though the cause of IFALD is multifactorial, the single most important 
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factor responsible is lack of enteral feeds. Other contributing factors include prematurity, 
reduced bile acid pool, CABSIs, chronic endotoxemia, toxic constituents in PN, excess 
glucose and fat in PN. Lipid emulsions derived from soybean oils have been shown to cause 
liver injury both in vitro and in vivo in rodent models. Preventative strategies include 
enteral feeding, weaning of PN, reduced dose lipid emulsions and the early recognition and 
treatment of sepsis. Recent studies have demonstrated the efficacy of fish-oil based lipid 
emulsions in the prevention and treatment of IFALD (Lilja et al. 2011, Fallon et al. 2010) and 
has to be incorporated in routine clinical practice. Transplantation is an option for end-stage 
liver disease but is associated with significant morbidity and mortality(Nehra et al. 2011). 

A systematic review of observational studies concluded that Ursodeoxycholic acid may lead 
to short-term improvement in biochemical indices, but sample size was very small and the 
risk of bias very high(San Luis and Btaiche 2007). Based on the limited evidence available, 
ursodeoxycholic acid (10 mg/kg/dose twice or 3 times daily) may be tried in infants with 
IFALD who are able to tolerate some enteral intake.  

CABSI can result in the loss of the central venous line, recurrent admissions to the hospital 
and worsen the existing liver injury. Diagnosis includes blood cultures collected from the 
central line. Treatment includes administration of antibiotic through the central line. In case 
of fulminant or resistant infection, the catheter will need to be removed. Preventative 
strategies include following strict protocols and aseptic precautions during insertion and 
management of the CVCs. A promising therapy in the prevention of CABSI is the use of 
ethanol locks(Wales et al. 2011). Ethanol has been demonstrated to have the ability to 
penetrate biofilms that form on central lines, and no bacteria or fungi have been reported to 
be resistant to ethanol. A recent retrospective study showed a fourfold reduction in CABSI 
in the cohort-administered ethanol locks (Jones et al. 2010). 

Areas of disordered motility and bowel dilation in patients with SBS offer an ideal 
environment for abnormal bacterial propagation. The adverse effects of bacterial 
overgrowth include: abdominal pain, worsening motility, mucosal ulceration with bleeding, 
deconjugation of bile acids, and the generation of toxic byproducts such as D-lactic acid. 
Bacterial overgrowth can also potentiate translocation and cause septicemia. The treatment 
for suspected bacterial overgrowth is the administration of enteral antibiotics in a cyclical 
fashion. Antibiotics that are commonly used include those effective against anaerobes or 
Gram-negative organisms(Gutierrez et al. 2011). Systemically non absorbable antibiotics are 
preferred. 

7. Malrotation and volvulus of the intestines in neonates 
Malrotation is a serious congenital condition wherein the normal process of embryonic gut 
rotation is arrested or altered. The abnormal rotation usually involves both small and large 
bowel, within the peritoneal cavity. The most important feature is that the abnormally 
rotated bowel does not have a normal mesenteric attachment. The mesenteric attachment is 
frequently short and prone to volvulus when part of the intestine loops around the 
mesentery and intestines resulting in bowel obstruction and gangrene secondary to 
occlusion of the branches of the mesenteric artery (Figure 1a and 1b). Volvulus renders the 
entire bowel at risk of ischemia and necrosis. The intestinal obstruction with congenital 
malrotation can also result from the congenital fibrous bands (Figure 2a and 2b).  
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Fig. 1. a. Normal: the mesenteric root is broad, extending from the duodenojejunal junction 
in the left upper quadrant to the caecum in the right lower quadrant. b. Malrotation: the 
mesenteric root is narrow, predisposing to volvulus. 

 

 
Fig. 2. Ladd’s bands extend from the caecum (a) or ascending colon (b) to the right upper 
quadrant, passing across and variably obstructing the duodenum. 
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Clinical features depend on the nature and degree of obstruction (which may be 
intermittent) and the presence or absence of vascular compromise. Presentation can be 
asymptomatic but usually results in vomiting often bilious and or abdominal distension. 60–
80% of patients with malrotation present in the first month of life, mostly in the first week. 
Bilious vomiting is an important sign of malrotation and must be promptly investigated 
(William 2007, Kumar 2003)). Even in the absence of bilious vomiting, malrotation/volvulus 
should be suspected in any neonate presenting with distended abdomen. Even though bilious 
aspirates can be a sign of dysmotility in extremely premature infants, persistently prolonged 
bilious aspirates especially lasting more than a week should raise the suspicion of malrotation. 
Presence of chylous fluid in the inguinal hernia sac during inguinal hernia repair should 
also alert the surgeons to the possibility of associated malrotation (Zarrouq 2010).  

The best imaging test for the diagnosis of malrotation is an upper GI contrast study which 
will show an abnormal duodenum and duodeno-jejunal (DJ) flexure position (Applegate 
2009). It is an emergency investigation and should not be deferred. The normal position of 
the DJ flexure is to the left of the spine and at the same level or higher than the duodenal 
bulb. In malrotation, there is no normal duodenal configuration and the proximal small 
bowel is in the right side of the abdomen (figure 3a and 3b). 

Ultrasound and contrast enema may provide additional information but are not sufficiently 
accurate to exclude malrotation (Danse 2007, Chao 2000). Presence of normal lactate levels, 
blood pressure, urine output, blood gases do not rule out the diagnosis of intestinal 
gangrene secondary to malrotation/volvulus. Once a diagnosis of malrotation and or 
volvulus is confirmed, urgent surgical review with a view to laparotomy is indicated. Delay 
in the diagnosis or laparotomy may lead to ischemic necrosis of the bowel. 

 
Fig. 3. a. Normal upper gastrointestinal contrast study (AP view) in a neonate with bilious 
vomiting. Contrast medium was introduced via a nasogastric tube. The duodeno-jejunal 
flexure is arrowed  
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Fig. 3. b. Malrotation. There is no normal duodenal configuration and the proximal small 
bowel is in the right side of the abdomen. 

Treatment is with the standard Ladd’s procedure which involves untwisting of the volvulus, 
division of the Ladd’s bands, broadening of the narrow base of the mesentery, division of 
the adhesions along the small bowel and returning the bowel in a non rotated position. 
Small bowel is positioned in the right abdomen and the colon in the left abdomen and 
appendicectomy performed (Millar 2003). 

In summary, high index of suspicion, prompt investigation and early laparotomy are 
essential for the prevention of serious gut related morbidity and mortality secondary to 
malrotation and volvulus. 

8. Gastroschisis 
Gastroschisis is a congenital defect of the abdominal wall usually located to the right of the 
umbilical cord, through which abdominal organs herniate. It should be distinguished from 
omphalocele (or exomphalos), which results from failure of normal return of the bowel to 
the abdominal cavity during early fetal life. Result in herniated bowel with peritoneal 
covering and the umbilical cord inserted into the apex of the hernia. Distinguishing these 
two conditions is very important because they carry different prognoses and the temptation 
to combine these diseases together as ‘anterior abdominal wall defects’ should be avoided. 

Gastroschisis occurs in up to 5 in every 10 000 live births with a sex ratio of approximately 1. 
Recent epidemiological surveillance data have shown a 10-20-fold increase in the overall 
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incidence of gastroschisis in all age groups over the past two decades (Rasmussen and Frias 
2008, Loane et al. 2011, Frolov et al. 2010, Clark et al. 2009). 

Pathogenesis of gastroschisis is unknown, but various factors are associated with an 
increased risk of gastroschisis. They include young maternal age, first pregnancy, low 
socioeconomic status, lower pre-pregnancy body mass index (BMI), poor maternal diet, 
disordered family life, use of medications such as aspirin, Ibuprofen, nasal decongestants, 
maternal infection, smoking, alcohol cocaine, marijuana and genetic polymorphisms (Jones 
et al. 2009, Mac Bird et al. 2009, Rasmussen and Frias 2008). 

More than 90% patients are diagnosed antenatally using ultrasound (Baird et al. 2011, Garne 
et al. 2010). The typical sonographic feature is multiple loops of bowel floating freely in the 
amniotic fluid after the time of normal embryonic return of the intestines to the abdominal 
cavity (10 weeks of gestation). Typically, the herniated bowel is seen to the right of the 
umbilical cord insertion, which is inserted normally into the anterior abdominal wall to the 
left of the herniated bowel. Excluding exomphalos is important in prenatal diagnosis, since 
exampholos is associated with aneuploidy in up to 40% of patients, and/or structural 
abnormalities of other organs. 

Ultrasonographic assessment at regular intervals, usually every 2 weeks, is recommended 
after the diagnosis, to monitor foetal growth and bowel status. Development of 
polyhydromnios(Japaraj et al. 2003) or of progressive bowel dilatation is considered by some 
to indicate a poor prognosis (David et al. 2008, Payne et al. 2009) and may warrant early 
delivery. 

Mode of delivery appears not to influence the survival or short term outcomes of 
gastroschisis and hence caesarean section per se for gastroschisis may not be necessary 
(Abdel-Latif et al. 2008). Timing of delivery is controversial with some advocating delivery 
before 37 weeks (Hadidi et al. 2008, Moir et al. 2004, Reigstad et al. 2011). However, since 
prematurity and low birth weight are associated with increased morbidities in neonates 
with gastroschisis, many advocate delivery at term in the absence of other obstetric 
complications or fetal compromise (Ergun et al. 2005, Maramreddy et al. 2009, Logghe et al. 
2005). 

Following delivery, adequate intravenous fluid resuscitation must be administered as there 
will be significant evaporative water losses from the exposed bowel. It is important to 
prevent intestinal distension by gastric decompression with a large bore nasogastric tube. 
The herniated bowel should be enclosed in a sterile plastic bag or wrapped in warm saline-
soaked gauze with plastic wrap. The baby should be positioned on the right side to prevent 
kinking of the mesentery. The bowel needs be examined for evidence of intestinal atresia, 
necrosis or perforation. 

Various surgical methods have been used to achieve the goal of safe reduction of the 
herniated viscera back into the abdominal cavity at the earliest possible time (Holland et al. 
2010). Options include: (i) Complete primary reduction under general anaesthesia (ii) 
Complete primary reduction without the use of general anaesthesia (ward reduction) and 
(iii) application of preformed spring loaded silo followed by gradual reductions over few days. 

Primary reduction under general anaesthesia is the traditional and commonly used 
approach is to reduce the viscera followed by the closure of the fascia and the skin with 
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sutures under general anaesthesia (Owen et al. 2010). It will also enable the repair of 
associated anomalies such as intestinal atresia. Any significant rise in the ventilator 
requirements during or immediately after the surgical procedure would alert the surgeons 
to the possibility of abdominal compartment syndrome. In such situations, usually a silo is 
applied and the viscera gradually reduced over the next few days.  

Primary reduction in the ward without the use of general anaesthesia practised this approach 
with reasonable success (Bianchi et al. 2002, Davies et al. 2005, Cauchi et al. 2006) , whereas the 
others have found increased complications secondary to abdominal compartment syndrome 
(Rao et al. 2009, Dolgin et al. 2000). The idea behind this approach is the potential for 
avoidance of general anaesthesia, avoidance of transfer to a surgical unit and facilitation of 
early enteral feeds because complete reduction has been achieved very early. This approach 
was pioneered in the United Kingdom, (Bianchi et al. 2002) but not adopted with 
enthusiasm (Owen et al. 2010). In Western Australia, this procedure has been abandoned in 
view of high incidence of complications(Rao et al. 2009). 

Staged reduction using Silos is the preferred approach in Western Australia. Preformed 
spring loaded silos can be placed into the abdominal defect at the bedside to hold the 
herniated contents. This usually does not require general anaesthesia. Subsequently, the 
bowel is reduced once or twice daily into the abdominal cavity as the silo is shortened by 
sequential ligation. This process usually takes between one and 14 days, depending on the 
condition of the bowel and the infant. Definitive closure is performed once the complete 
reduction has been achieved. Advantages of this method are the avoidance of iatrogenic 
intestinal ischemia secondary to abdominal compartment syndrome. Staged reduction using 
preformed Silos has been found to be safe and effective in many observational studies 
(Owen et al. 2006, Allotey et al. 2007) and an RCT (Pastor et al. 2008) . 

In situations where closure of the abdominal wall defect cannot be achieved with sutures, 
options are: Using umbilicus as an allograft; Prosthetic materials such as non-absorbable 
mesh; and biosynthetic absorbable patches such as dura or porcine small intestinal sub 
mucosa.  

Postoperatively, it is important to watch for evidence of abdominal compartment syndrome 
because of the risk of iatrogenic ischemic necrosis of the bowel. Clinical features are low 
urine output, poor perfusion, high ventilatory requirements, need for high doses of narcotic 
analgesia (ischemic gut), metabolic acidosis and elevated lactate levels. Regular clinical 
review is extremely important and there should be low threshold for re-laparotomy. Some 
units use intra-gastric or urinary bladder (intra-vesical) pressures as indirect measures of 
intra-abdominal pressure. Values more than 20 mm Hg are thought to indicate the 
occurrence of this problem (Lacey et al. 1987). 

A nasogastric tube should be utilized for gastric decompression in the post operative period. 
Feeding can commence as early as 2-3 days post operatively once haemodynamic and 
respiratory stability has been achieved. Early commencement of feeding can facilitate 
attainment of full enteral feeds soon (Sharp et al. 2000). 

Gastroschisis is associated with abnormal intestinal motility and nutrient absorption, both of 
which gradually improve over time in most patients. Growth should be maintained with 
appropriate parenteral nutrition. Some infants develop short gut syndrome due to either 
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functional dysmotility or anatomically short length of small intestines. Fish oil based lipid 
emulsions may be beneficial in reducing the severity or prevention of TPN associated 
cholestasis in such infants (Deshpande and Simmer 2011). Prokinetics such as Erythromycin 
have not been found to be useful for feed intolerance associated with gastroschisis (Curry et 
al. 2004). 

Survival rate of neonates with gastroschisis is high (93-97%) (Abdel-Latif et al. 2008, Baird et 
al. 2011, Minutillo C 2009, Owen et al. 2010). The median time to discharge home range 
between 23 to 47 days (Minutillo C 2009, Baird et al. 2011), infants with short gut syndrome 
have very prolonged hospitalisation with the risk of complications of prolonged TPN 
therapy such as cholestasis and recurrent infections. Limited information available on the 
physical growth and neurodevelopmental outcomes suggests that treated infants have a 
good long term prognosis (Minutillo C 2009, Henrich et al. 2008). 

In summary, the incidence of Gastroschisis has increased markedly over the past two 
decades. The majority of infants are diagnosed with early trimester ultrasonography. 
Primary reduction under general anaesthesia or gradual reduction using preformed silos is 
preferable and commonly used mode of reducing the contents into the abdominal cavity. A 
small percentage of cases develop short gut syndrome and need TPN for a protracted length 
of time. Survival of live born neonates with gastroschisis is very high (>93%) and limited 
data suggest that long term outcomes are good.  

9. Neonatal hemochromatosis  
Neonatal hemochromatosis(NH) is defined as severe neonatal liver disease in association 
with extra-hepatic iron accumulation(Whitington 2007). It is a serious disease and usually 
leads to death either in utero or in the early neonatal period (mortality rates 70-80%). It is the 
single most common cause of neonatal liver failure(Shanmugam et al. 2011).  

The onset of the disease is in utero. Currently it is hypothesised to be an alloimmune process 
with maternal sensitization to a fetal liver antigen leading to immune injury of the fetal liver 
and subsequent mishandling and deposition of iron in the liver and extra hepatic 
tissues(Whitington 2007). Iron deposition (Siderosis) occurs in the liver and extra-hepatic 
tissues such as pancreas, heart, thyroid and salivary glands. Siderosis explicitly spares the 
reticulo-endothelial cells(Murray and Kowdley 2001).  

The genetics of NH is unknown but it is not linked to the adult haemochromatosis. NH has 
a recurrence risk of approximately 80% within sibships of same mother but not the father, 
suggesting the role of a maternal alloimmune factor (Knisely et al. 2003). There are also 
recent reports of mitochondrial depletion syndromes presenting as NH(Hanchard et al. 
2011). 

Infants with NH frequently are preterm or small for gestational age. Pregnancy may be 
complicated by intrauterine growth retardation, oligohydramnios, placental edema, or 
polyhydromnios. Affected neonates develop features of liver failure with hypoalbuminemia, 
hypoglycemia, coagulopathy, low fibrinogen, thrombocytopenia and anaemia. If not present 
at birth, ascites and hyperbilirubinemia develop within a few days to weeks. Transaminase 
levels are generally either normal or only moderately elevated suggesting severe intrauterine 
hepatic damage. 
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NH should be suspected in any sick newborn with evidence of liver disease and in cases of 
late intrauterine fetal demise.  

No single biochemical test is diagnostic of NH. Diagnosis is made after ruling out other 
causes of liver cell failure in neonates (Murray and Kowdley 2001). This includes various 
infectious, metabolic, storage and other disorders. In NH, Serum Ferritin levels and 
Transferrin saturations are raised commonly 95-100%. However, ferritin is an acute phase 
reactant and elevated levels are seen in many other conditions causing neonatal liver failure 
and hence, non-diagnostic. The hall mark of NH is extrahepatic siderosis with sparing of 
reticuloendothelial system. Therefore, in the face of severe coagulopathy, Salivary gland 
biopsy from the lips or cheek is a safe alternative to liver biopsy and effective way to 
diagnose NH(Smith et al. 2004). The histopathology of the salivary glands shows excessive 
iron deposition. Other conditions such as echovirus, CMV,HSV, neonatal lupus, 
tyrosinemia, mitochondrial diseases, rubella, parvovirus and zellweger syndrome may also 
cause excessive siderosis in extra hepatic organs including salivary glands and hence need 
to be ruled out by relevant investigations(Murray and Kowdley 2001). 

On T2-weighted sequences in MRI scans, tissues with increased iron content have low signal 
intensity. In NH, the reticulo-endothelial system is spared so that the spleen retains a 
normal, higher signal intensity compared with affected tissues such as liver, heart and 
pancreas. Comparing the signal intensity of pancreas, heart and thyroid gland to spleen can 
be helpful in the diagnosis of NH (Williams et al. 2006, Tsai et al. 2009).  

The differential diagnosis of neonatal liver failure include infections, perinatal asphyxia, 
metabolic conditions like tyrosinemia, galactosemia, Heriditary fructose intolerance, and 
urea cycle defects, Haemophagocytic Lymphohistiocytosis (HLH), mitochondrial disorders 
and Congenital disorder of glycosylation.  

Supportive management involves administration of Fresh Frozen plasma, cryoprecipitate 
and vitamin K to normalise the coagulation abnormalities. Repeated administrations for 
prolonged periods are to be expected in view of ongoing liver failure.  

Cocktail of antioxidants including selenium (3 microgram/kg/day orally), N acetyl-Cysteine 
(50-100 mg/kg/day, intravenously or orally), prostaglandin E1(0.4 microgram/kg/h, 
intravenously, for a maximum of two weeks), Desferoxamine 30 mg/kg/day, intravenously 
until the ferritin level falls to 500 ng/mL) and Vitamin E (25 IU/kg/day, orally) have been 
advocated (Grabhorn et al. 2006), but the results are disappointing (Heffron et al. 2007). Similar 
to Rand et al (2009), our suggestion is to give oral antioxidants such as vitamin E and 
Acetylcysteine and avoid intravenous antioxidants and chelating agents. Liver 
transplantation is the definitive therapy, but carries a high level of morbidity and mortality 
(Sundaram et al. 2003).  

Recent reports have suggested the beneficial role for the treatment of NH. Double volume 
exchange transfusion followed by 1-3 doses of intravenous immunoglobulin (1gram/kg) has 
been shown to significantly improve survival without the need for liver transplantations 
(Rand et al. 2009). Few authors have reported beneficial outcomes with exchange transfusion 
alone (Timpani et al. 2007, Nicastro and Iorio 2010, Escolano-Margarit et al. 2010).  

NH is the result of severe fetal liver injury that seems to result from maternal-fetal 
alloimmunity. Women who have had an infant affected with NH have approximately 80% 
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probability of recurrence in subsequent pregnancies. Recent studies have shown that weekly 
administration of IVIG to such pregnant mothers from 18 weeks of gestation till full term 
results in decreased severity of the disease and improved survival in their offsprings 
(Whitington and Kelly 2008, Nicholl 2010). 

In summary, NH is a lethal condition and until recently, there was no effective medical 
therapy. Salivary gland biopsy and MRI of the abdomen are useful investigations in the 
diagnosis of NH. Recent studies have suggested that NH is possibly alloimmune disorder. 
Treatment with IVIG during pregnancy for women who had previous child with NH can 
prevent the occurrence and severity of NH. Exchange transfusion and IVIG may improve 
survival without the need for liver transplantation for neonates diagnosed with NH. 
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1. Introduction 
It is well known that the number of surviving preterm infants is today steadily on the 
increase (Fanaroff, Stoll et al. 2007). Nevertheless, despite the improvements in perinatal 
medicine, brain injury is still a major clinical problem and remains a significant cause of 
perinatal morbidity and mortality (Volpe 2009). Moreover, the numerous environmental 
factors to which the fetal brain is exposed during fetal development, additionally linked to 
factors of a genetic origin, not only subject the infant to the severe risk of morbidity and 
mortality, but can also lead to a wide spectrum of functional and behavioral disorders 
throughout the individual’s life.    

Recent studies have demonstrated that cognitive and behavioral deficits are significantly 
higher in preterm neonates (Burd, Chai et al. 2009; Burd, Bentz et al. 2010). Also reported, as 
concerns long-term consequences, are higher rates of educational difficulties, epileptic 
seizures, visual damages and reduction in the mean intelligence quotient (Hack 2006). The 
biggest problem in preterm infants is damage to white matter. This damage involves 
multifocal necrosis resulting in cystic periventricular leukomalacia (PVL) or a diffuse 
astrogliosis and loss of myelin-producing oligodendrocytes. Maternal infection and 
inflammation during pregnancy may also lead to development of cerebral palsy (CP) and, 
less commonly, to other neuropsychiatric disorders (Yoon, Romero et al. 2000; Wu 2002; 
Meyer, Feldon et al. 2006; Meyer, Nyffeler et al. 2006). The final result is not only the great 
distress incurred by the newborn and later the child and adult, but also the considerable 
burden inflicted on both their families and the national health system. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

74

Although there are a large number of clinical and experimental studies which seek to 
describe the exact pathophysiologic mechanism involved in perinatal brain injury, this is not 
as yet completely understood. Further investigation is highly likely to yield pharmaceutical 
intervention that will achieve prevention or resolution of preterm brain injury. 

2. Pathological aspects of preterm brain injury 
The most prominent pathological characteristic in brain injury is white matter damage, 
especially in the periventicular tracts such as PVL (Periventicular Leukomalacia). The 
damage consists of necrotic areas, with the severe type, namely cystic PVL, being 
characterized by astrogliosis and microgliosis. However, the incidence of cystic PVL is today 
ever more rarely encountered due to contemporary advanced perinatal care: nowadays it 
concerns less than 5% of all cases, (Inder, Warfield et al. 2005)  the majority of these 
involving diffuse cellular loss without any cystic establishment. This damage is referred to 
as non-cystic PVL and is characterized solely by diffuse necrosis accompanied by activated 
microglia and reactive astrocytes. Furthermore, in about one third of PVL cases neuronal 
loss and gliosis in the basal ganglia and dentate cerebellar nuclei (Pierson, Folkerth et al. 
2007) and thalamus were detected (Ligam, Haynes et al. 2009). 

 
Fig. 1. Development of fetal brain. The third through the ninth month is the fetal stage, 
while the fourth month marks the beginning of the fetus’ motor function. The commissures 
of brain develop at this stage and the ventricular system is completed. Cerebellar 
development begins by the sixth month and is completed two years after birth. However, 
the first eight weeks, defined as the embryonic period, are also crucial for normal brain 
development. The cerebral hemispheres differentiate around the fifth week, by the end of 
which period the cerebral cortex has undergone great growth and development. 
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PVL frequently exists together with intraventricular hemorrhages, this reflecting the 
vulnerability of the premyelinating oligodendrocytes (Pre-Ols) (Back, Luo et al. 2005). Injury 
to white matter is most thoroughly investigated via ultrasound and magnetic resonance 
imaging (MRI), the latter method clearly demonstrating a volume reduction of the thalamus 
and basal ganglia (Inder, Anderson et al. 2003; Inder, Warfield et al. 2005), the hippocampus 
(Isaacs, Lucas et al. 2000) and the cerebellum (Allin, Matsumoto et al. 2001). 

The fact that injury of grey matter is also a crucial component of preterm brain injury is an 
additional finding derived from MRI studies (Peterson, Vohr et al. 2000; Lin, Okumura et al. 
2001; Woodward, Anderson et al. 2006), which revealed a long-term reduction of gray 
matter volume and an association between white matter injury and reduction of gray matter 
volume (Woodward, Anderson et al. 2006). Interestingly, recent data show that the same 
injury may also be established in term infants (Iwata, Bainbridge et al. 2010). 

Brain development in the perinatal period is adjusted by a crucial balance of apoptosis and 
survival of cerebral cells. In about 70% of the cases the brain injury is established in the early 
hours and predicts the long-term outcome (Hayakawa, Okumura et al. 1999; Kubota, 
Okumura et al. 2002). It seems that there an increase in cell death that causes a crucial loss of 
the developing brain cell population. The result of this acute neuronal damage will be partly 
reflected in chronic anatomical deficits, as clinical brain injury develops gradually. 

2.1 Glial cells: A protective network in the fetal brain 

Glial cells form a defensive network that shields the brain parenchyma, participating in 
protection, repair and regeneration of damaged neurons during injury or disease (Peterson, 
Vohr et al. 2000). This network consists of microglia and astrocytes and also plays an 
important role in removal of dead neurons and inflammatory products. 

Microglia, the primary component, penetrates the brain tissue during fetal development and 
removes the dead neural cells and the toxic deposits that have accumulated, this being a 
cornerstone function of these vital resident macrophages during neurodevelopment. 

Astrocytes are the second major type of glial cells, which have varied influence on epithelial 
cells. They increase the blood-brain barrier (Girvin, Gordon et al. 2002) and, by activating 
the circulating T-cells, they regulate the immune response and homeostasis of the fetal 
brain. This regulation is achieved by secretion of pro- and anti-inflammatory cytokines such 
as interleukins (IL) and tumor necrosis factor-α (TNF-α). 

The main causes of perinatal brain injury are ischemic injury, glutamate injury, cytokine-
associated intrauterine infection and inflammation, and cerebral hemorrhage.  

3.1 The role of hypoxia / ischemia in brain injury 

Nowadays, perinatal hypoxia occurs at a low rate in preterm infants. It nonetheless remains 
a major problem that is substantially higher in preterm (73 / 1000 live births) than in full 
term infants (25 / 1000 live births) (Low 2004). Preterm infants are found to be less 
susceptible than term infants to developing brain injury after fetal hypoxemia (Gunn, 
Quaedackers et al. 2001). Although the autoregulatory mechanisms of cerebral blood flow 
are established very early in pregnancy and work efficiently, even in very immature infants 
with reduced blood supply, adequate oxygen and glucose supply, essential for the normal 
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functioning and development of the fetal brain, drop either acutely or gradually during 
intrauterine life, occlusion of the umbilical cord being the main acute cause, with placental 
insufficiency resulting in chronic blood hypoperfusion. Whatever is the cause of fetal 
hypoxemia, it results in severe brain injury (Volpe 2009). However, the exact degree of 
hypoxia that leads to irreversible brain damage has not as yet been determined. The fetal 
brain has the ability to react in hypoxia by increasing the cerebral blood flow via reflex 
vasodilatation (Pearce 2006). Moreover, always to be borne in mind is the anatomical 
vulnerability and relative vulnerability of different areas and populations of 
oligodendronglia in white matter. This factor would appear to explain recent experimental 
data that were unable to account for cerebral ischemia by differences in local blood flow. 

While postnatal blood pressure has also been regarded as a marker of the induced brain 
injury, in many studies no relationship was found between hypotension in preterm infants 
and neurological defects (CPL, CP) (Trounce, Shaw et al. 1988; Perlman, Risser et al. 1996; 
Cunningham, Symon et al. 1999; Dammann, Allred et al. 2002). Systemic hypotension alone 
was associated with neurological defects by other researchers (Low, Froese et al. 1993; 
Murphy, Hope et al. 1997; Martens, Rijken et al. 2003), a discrepancy that can easily be 
explained by the fact that blood pressure is not a reliable marker of the possible impaired 
cardiac output and the subsequent cerebral perfusion.  

The fact that the crucial moment at which hypoxemia causes brain injury has not yet been 
defined presents a major diagnostic problem. Moreover, it is still controversial whether 
brain injury can be induced by hypoxemia alone or whether it arises from a combination of 
other simultaneous pathophysiological factors. 

3.2 Glutamate-induced brain injury  

Glutamate is the major excitatory transmitter in the brain and is involved in the majority of 
the aspects of normal brain function, such as memory, cognition and learning. It is 
connected to postsynaptic glutamate receptors, its connection to and subsequent activation 
of these receptors leading to an increase of the free intracellular calcium. This last activates 
high levels of proteases, endonucleases and lipase enzymes, thus ultimately bringing about 
cellular death. In addition to activation of proteases, protein synthesis is inhibited as a result 
of brain hypoxia. 

Experimental data show a wide variability in the distribution and composition of the 
glutamate receptors in the Central Nervous System (CNS), (McDonald, Johnston et al. 1990), 
this explaining why there is no clear correlation between brain cellular death and glutamate 
levels (Mitani, Andou et al. 1992). Nevertheless, glutamate, the cornerstone of hypoxia-
induced brain injury, plays a highly toxic role, especially with regard to white matter in 
preterm neonates. Glutamate is produced by the developing oligodendrocytes and axons 
(Rossi, Oshima et al. 2000; Desilva, Kinney et al. 2007) and is highly toxic in vitro (Choi 
1992). Moreover, it renders even more vulnerable the premyelinating oligodendrocytes, 
though not the mature cells (Itoh, Beesley et al. 2002). 

Despite the above in vitro data, it has not thus far been definitively established in vivo that 
hypoxia results in high and thus toxic concentrations of glutamate. Furthermore, a recent 
study did not demonstrate any increase in the extracellular glutamate levels in white matter 
after cerebral hypoxia (Fraser, Bennet et al. 2008). It seems that the extracellular levels of 
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calcium rise significantly in gray matter (Henderson, Reynolds et al. 1998; Loeliger, Watson 
et al. 2003; Dohmen, Kumura et al. 2005) in contrast to white matter, where the rise is 
minimal and declines rapidly. 

3.3 Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) 

Oxygen radicals are produced in large amounts after excessive tissue ischemia. In cerebral 
tissue this is carried out via activation of superoxide dismutase, xanthine oxidase and 
caspace-9. This activation leads to DNA fragmentation, destruction of the cellular 
membranes and various degrees of cell damage, eventually resulting in cell death (Davies 
and Goldberg 1987). Moreover, ischemia in brain tissue induces metabolism of arachidonic 
acid, causing further production of ROS. 

A large number of experimental studies have demonstrated the severe impact of oxygen 
radicals on brain injury. Immature oligodendroglia, in contrast to mature cells, seems much 
more vulnerable to ROS (Back, Gan et al. 1998). Furthermore, the use of allopurinol (an 
inhibitor of xanthine oxidase) seems to have a protective effect on cerebral tissue, some 
studies demonstrating that the neuronal loss was completely inhibited (Palmer, Towfighi et 
al. 1993). Another study showed that after induced cerebral hypoxia the cerebral ascorbyl 
radical was increased, leading to white matter injury (Welin, Sandberg et al. 2005). In 
contrast, in preterm fetal sheep there was no increase of ROS in the periventricular white 
matter (Desilva, Kinney et al. 2007). It thus appears evident that the receptor-mediated 
toxicity alone plays a major role in PVL, as excitatory acid levels do not increase even in 
cases of severe ischemia (Rosin, Bates et al. 2004). 

Nitric oxide, also known as nitrogen monoxide (NO), is another free radical implicated in 
tissue ischemia. During cerebral ischemia, an excessive increase of intracellular calcium 
takes place, activating the NO-synthetase. The latter enzyme produces NO, which also 
induces the toxicity of the other oxygen radicals, such as superoxide radicals and hydroxyl 
radicals. Inhibition of NO-synthetase in animal models was shown to be highly protective in 
ischemic neural tissue (Hamada, Hayakawa et al. 1994), reducing hippocampal and cortical 
damage (Ferriero, Holtzman et al. 1996).  

3.4 Intrauterine infection / inflammation 

Intrauterine infection/inflammation is a major cause of fetal organ dysfunctions in the 
perinatal period and the fetal brain is one of the most vulnerable organs. Inflammation is a 
major factor in preterm and term delivered infants (Malamitsi-Puchner, Vrachnis et al. 2006) 
with regard to perinatal brain damage, including CP (Dammann and Leviton 1997; Volpe 
2009). Intrauterine inflammation may lead to fetal inflammatory response syndrome (FIRS), 
clinical chorioamnionitis or clinically silent histological chorioamnionitis (Vrachnis, 
Vitoratos et al. 2010). Recent clinical data suggest that inflammatory response in brain tissue 
is the most significant mechanism causing brain injury. Inflammation reduces brain weight 
and volume as a result of destruction of white matter, the main loss being found at the level 
of the lateral ventricles and around the foramen of Monro. Modern neuro-imaging 
techniques have enabled identification of the foci of necrosis in the white matter around the 
lateral ventricle, while an inhibition of myelination and astrocytosis after intrauterine 
infection has also been observed. 
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Fig. 2. Mechanisms of brain injury in preterm neonates. Chorioamnionitis is the prime factor 
triggering the inflammation cascade in the fetal brain, contributing to the pathogenesis of 
brain injury. Activated asrocytes and microglia play a cornerstone role in white matter 
damage, leading to functional and behavioral disorders throughout the individual’s life. 

Proinflammatory cytokines have been found significantly elevated in the amniotic fluid and 
fetal brain of neonates with infection, including local inflammatory response leading to 
brain injury (Yoon, Romero et al. 2000; Kadhim, Tabarki et al. 2001). Elevated levels of 
cytokines have additionally been observed in the amniotic fluid and blood of neonates that 
developed cerebral palsy (Yoon, Jun et al. 1997; Nelson, Dambrosia et al. 1998). FIRS has also 
been associated with increased levels of IL-6, IL-8 and TNF-α and implicated in white matter 
injury and predominantly in PVL development, resulting in later motor and cognitive 
impairments. In cases of confirmed PVL it was found that the high levels of IL-1b and TNF-
α were detected even from the early stage of the injury, up until the late stage of cystic PVL 
(Kadhim, Tabarki et al. 2001). Moreover, autopsy studies of PVL cases revealed very high 
levels of TNF-α and hypertrophic astrocytes in the areas of damaged white matter (Deguchi, 
Oguchi et al. 1997). Experimental data show that lipopolysacharide (LPS) infection induces 
TNF-α production from astrocytes and may also cause severe decentralization of fetal 
circulation, resulting in cerebral hypoperfusion and subsequent ischemic brain injury. 
Another study showed that in almost 90% of the PVL cases TNF-α, IL-1 and IL-6 were 
highly expressed (Yoon, Jun et al. 1997). These data are in agreement with the finding that 
IL-1β induces in vitro microglial activation (Hailer, Vogt et al. 2005). Activated microglia 
additionally produce TNF-α IL-1b, inducing apoptosis of oligodentrocytes and their 
progenitors. 
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Other inflammatory cytokines, such as IL-12, IL-15 and IL-18, were also found in children 
with CP (Zupan, Gonzalez et al. 1996). IL-18 is activated by caspase-1 and causes the 
subsequent production of IL-1, TNF-α and interferon-γ. Αs a result, IL-18 induces apoptosis 
and is associated with development of neonatal PVL and CP (Keelan, Blumenstein et al. 
2003). IL-18 was found in higher concentrations in vulnerable animal models, indicating its 
potentially important role in the establishment of brain injury (Hedtjarn, Leverin et al. 2002; 
Hedtjarn, Mallard et al. 2005). 

 

 
 

Fig. 3. Molecular pathways leading from intrauterine inflammation to brain injury. 
Intrauterine infection by LPS induces astrogliosis and inflammation through microglial cells, 
which subsequently triggers oligodendrocyte apoptosis through inflammatory cytokines 
such as IL-1β, IL-6, IL-8, and TNF-α and reactive oxygen species. NF-κβ activation by 
intrauterine inflammation additionally results in overexpression of TNF-α, IL-1β, IL-6 and 
IL-8. This inflammatory cascade results in fetal inflammatory response syndrome (FIRS) or 
local brain inflammation and finally damage of white matter. 

Furthermore, activation of Toll-Like Receptors (TLRs) was found to participate in the 
intrauterine infection/inflammation that induces inflammatory response and damage in 
brain tissue (Yuan, Sun et al. 2010). TLRs, membrane-bound proteins used by cells of the 
innate immune system, play a vital role in the immune response of the central nervous 
system, their activation in the immune process concerning TLR1, TLR2, TLR3, and especially 
TLR6 receptors (Abrahams, Aldo et al. 2008). The activated TLRs receptors induce Nuclear 
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Factor-kappa β (NF-κβ) production, leading to induction of NO expression in the brain 
(Chen, Ho et al. 2005). NF-κβ is also activated by proinflammatory cytokines after exposure 
to LPS and thereafter induces the expression of TNF-α, IL-1β, IL-6 and IL-8 (Belt, Baldassare 
et al. 1999). 

3.5 Cerebral hemorrhage causing brain injury 

In preterm infants cerebral hemorrhage, mainly peri- and intra-ventricular, is a common 
finding. In the developing fetal brain the germinal matrix is the main area of proliferation of 
neuronal and glial precursors and is located in the floor of the lateral ventricle, above the 
caudate nucleus. This area gradually disappears during development and does not exist in 
term neonates (Hambleton and Wigglesworth 1976). The great clinical importance of this 
area is the origination of cerebral hemorrhage through its fragile vascular net, as these 
vessels can easily be ruptured. Perinatal hypoperfusion and hypotension can cause a rapid 
hemorrhage from these vessels (Tan, Williams et al. 1992). Extensive brain hemorrhage can 
lead to infraction ischemical injury and necrosis of the white matter, and hydrocephalus and 
destruction of the germinal matrix. Preterm fetuses are characterized by neural 
vulnerability, due to the loss of autoregulation, in contrast to term infants. As a result, 
increase of the arterial blood pressure can cause rupture in the cerebral vessels, while very 
low blood pressure can cause ischemic lesions. 

4. Future environmental and pharmaceutical interventions 
Despite the continuous research being carried out on the pathogenesis of a disorder 
incurring such very severe consequences, there is no established strategy to prevent or 
effectively treat fetal brain injury. The major problem is that the cascade of events that takes 
place is not as yet fully understood. Moreover, proceeding to Randomized Control Trials of 
possible therapies after experimental results in order to establish a new therapeutic 
intervention is, needless to say, neither ethical nor legal. Our aim is thus to offer a brief 
presentation of the strategies currently used and of possible future therapies. 

4.1 Hypothermia 

A recent meta-analysis (Edwards, Brocklehurst et al. 2010) confirmed the neuroprotective 
effect of moderate hypothermia, while experimental studies on adult animals show that 
lowering the brain temperature results in reducing neuronal cell damage (Berger, Jensen et 
al. 1998; Gunn, Gunn et al. 1998; Garnier, Pfeiffer et al. 2001). However, this procedure does 
not seem to be fully protective in the injured brain, as it does not induce the neuronal repair 
that is essential for normal neurodevelopment. The clinical data have merely demonstrated 
that mild hypothermia is not harmful in infants with perinatal asphyxia, but there was no 
obvious benefit (Gunn, Gluckman et al. 1998; Azzopardi, Robertson et al. 2000).  

4.2 Other potential pharmacological interventions 

We have already described above the crucial role of glutamate and reactive oxygen and 
nitrogen species in the pathogenesis of brain injury. Today, glutamate antagonists and NO 
inhibitors are being experimentally used to prevent cellular death. Flunarizine is an 
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antagonist of calcium channels and has been utilized (Garnier, Berger et al. 1998) in sheep 
models for protection of the fetal brain from ischemic injury, while erythropoietin is also 
under investigation for its anti-inflammatory, anti-oxidant and neurotrophic action 
(Campana and Myers 2001) in brain ischemia. Melatonin is another possible therapy as it 
additionally has an anti-oxidant effect and crosses the placental and blood-brain barrier 
(Reiter, Tan et al. 2000). It has been proposed (Gitto, Pellegrino et al. 2009) for clinical use 
during the perinatal period for reduction of oxidative stress (Fulia, Gitto et al. 2001). Finally, 
a retrospective analysis (Nelson and Grether 1995) showed that application of magnesium 
significantly decreased the incidence of cerebral palsy. 

5. Conclusion 
In conclusion, despite the numerous experimental and clinical studies that are ongoing, 
there is still much debate as to the exact mechanism of brain injury in preterm infants. 
Further research is needed to clarify the precise part played by intrauterine inflammation 
and oxygen and nitrogen radicals. Because the role of glutamate is undeniable in brain 
injury, glutamate inhibition appears to have a promising future in brain injury intervention. 
Furthermore, the development of therapies targeting astrocytes and activated microglia 
opens up yet another potential approach. Thus, while to date hypothermia is the sole 
established therapy, it is clear that future research will focus on a combination of therapies 
taking into account both pharmacological and molecular factors for the creation of an 
improved extrauterine environment for preterm infants.   
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1. Introduction 
Prematurity is a condition associated with high mortality and overall survived rates are near 
77.5% (Stoll et al., 2010).Those who survived are at high risk of severe impairment (Bassler et 
al., 2009). Two percent of all live births are premature with less than 32 weeks of gestational 
age and 1.5% of them are very low birth weight (Mathews et al., 2011). The most common 
injury affecting brain of these children is periventricular leukomalacia (PVL) and 
intraventricular hemorrhage (IVH). PVL is the main cause of cognitive behavioural, motor 
and sensory impairments found in children born before 32 weeks of gestational age (Volpe, 
2003). IVH has a negative impact on the neurodevelopmental outcome and is due not only 
to the direct consequences of IVH but also associated lesions, such as posthemorrhagic 
hydrocephalus (PHH) and PVL. The knowledge, prevention, diagnosis and early treatment 
of these clinical conditions improve the prognosis and neurological outcomes.   

2. Brain injury in the premature infant 
2.1 Intraventricular hemorrhage  

In the late 1970s the incidence of IVH was near 50%. At the present time it is near 20 to 30%. 
The absolute number of infants with IVH remains significant due to increase survival rate of 
premature infants especially in very low birth weight, who are at high risk of IVH. Virtually 
all IVH in premature infants occurs within the first five days of life, with 50, 25 and 15 
percent on the first, second and third day respectively, and 10 percent on the fourth day or 
after. IVH progresses over three to five days in approximately 20 to 40 percent of cases 
(Volpe, 2008; Groenendaal et al., 2010). PHH, periventricular hemorrhagic infarction (PVHI), 
and PVL are the most important sequelae of IVH. The first occurs in approximately 25% of 
infants with IVH and usually it begins within one to three weeks after the brain bleeding 
(Murphy et al., 2002). PVHI pathogenesis is thought to result from infarction caused by 
venous obstruction after a germinal matrix IVH (Bassan, 2009; Volpe, 1998). The parietal and 
frontal cerebral areas are the most often involved (Bassan et al., 2006a). PVL is the mayor 
form of brain white matter in neonates especially in premature infants. There is a strong 
association between PVL and IVH and data suggest the IVH may exacerbate PDL (Bassan, 
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2009). The short term outcome is closely related to the severity of IVH (Kusters et al., 2009). 
The long term outcome of infants, who survive of IVH, worsens with increasing severity of 
IVH and decreasing gestational age (Sherlock et al., 2005; Luu et al., 2009).  

2.1.1 Risk factors and pathogenesis 

IVH originates from the fragile involuting vessels of subependymal germinal matrix, located 
in the caudothalamic groove. The pathogenesis of this in preterm infants has been 
demonstrated to be related to numerous risk factors which can be divided into 
intravascular, probably the most important and amenable to preventive efforts, vascular and 
extravascular factors (Table 1). Intravascular factors are ischemia and reperfusion, like in 
volume infusion after hypotension, fluctuating cerebral blood flow (CBF), like in mechanical 
ventilation, increase in CBF, like in hypertension, anemia and hipercarbia, increase in 
cerebral venous pressure and platelet dysfunction and coagulation disturbances. Vascular 
factors consider tenuous and involuting capillaries with large diameter lumen. 
Extravascular factors are deficient vascular support and excessive fibrinolytic activity 
(Perlman et al., 1983; Lou, 1988; Pryds et al., 1989). For developing PVHI the risk factors are 
low birth gestational age, low Apgar scores, early life acidosis, patent ductus arteriosus, 
pneumothorax, pulmonary hemorrhage and needed for significant respiratory or blood 
pressure support (Bassan et al., 2006b). PHH likely relates at least in part to impaired 
cerebral spinal fluid resorption or obstruction of the acueduct or the foramina of Luschka or 
Magendie by particulate clot (Larroche, 1972).  
 

Pathogenesis of IVH 

Intravascular 
factors 

Ischemia /reperfusion 
Fluctuating cerebral blood flow 
Increase in cerebral blood flow 

Increase in cerebral venous pressure 
Platelet dysfunction and coagulation disturbances 

Vascular 
factors Tenous, involuting capillaries with large diameter lumen 

Extravascular 
factors 

Deficient vascular support 
Excessive fibrinolytic activity 

Table 1. Pathogenesis of IVH. 

2.1.2 Classification – Severity and grading of IVH 

There are two main systems for grading the severity of IVH based on the amount of blood in 
the germinal matrix and lateral ventricles demonstrated by ultrasound or computed 
tomography (CT) scan (Table 2). By US, Volpe grades the IVH in: I, for germinal matrix 
hemorrhage (GMH) with no or minimal IVH, with less than 10% of ventricular volume 
occupying, II for IVH occupying 10%-50% of ventricular area on parasagittal view, III for 
IVH occupying more than 50% of ventricular area on parasagittal view, usually distends 
lateral ventricle. Separate notation: persistent periventricular echodensity (Volpe, 2008). 
Using CT scan Papile grading system is: I for isolated germinal matrix hemorrhage II for 
IVH without ventricular dilatation, III for IVH with ventricular dilatation and IV for IVH 
with parenchymal hemorrhage (Papile et al., 1978). 
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Reference Method Grading Findings 

Papile (1978) Computed 
Tomography 

I  Isolated germinal matrix  hemorraghe 
(without IVH) 

II IVH without ventricular dilatation 
III IVH with ventricular dilatation 
IV IVH without ventricular dilatation 

Volpe (2008) Cranial 
Ultrasonography

I Germinal matrix  hemorraghe with no or 
minimal IVH (10% ventricular volume) 

II IVH occupying  10-50% of ventricular area 
III IVH occupying  >50% of ventricular area 

Table 2. Grading IVH by Computed Tomography and Cranial Ultrasonography. 

2.1.3 Clinical presentation and diagnosis 

Clinical presentation varies from a silent syndrome, recognized only when a routine cranial 
US is performed, a mild form with decreased levels of consciousness , hypotonia, abnormal 
eye movements or skew deviation. A catastrophic way with rapid and severe neurological 
deterioration, with seizures, tonic posturing and coma is more rarely (Soul, 2008). 

Whereas any cerebral imaging test is useful, it is almost invariably made by portable cranial 
US. The diagnosis of HIV and PHH is easy and performing fast, quick to make. Premature 
infants are fragile patients carry them to make CT scan or magnetic resonance adds more 
costs, time and risk, and there are hospitals where this exams aren´t available. 

2.1.4 Prevention and treatment 

The most effective strategy to prevent IVH is the prevention of preterm birth. When it 
cannot be avoided, the following prenatal and delivery interventions are associated with a 
reduced risk of IVH. Antenatal corticosteroids, reducing de risk of IVH detected by cranial 
US examination (OR 0.29, CI95% 0.14 to 0.61) (Crowley, 2000). Delayed clamping of the 
umbilical cord more than 30 seconds demonstrated a lower relative risk of IVH versus early 
clamping (RR 0.56, CI95% 0.36 to 0.93) (Rabe et al., 2004). Mothers who are at risk of preterm 
delivery must be transferred to a perinatal center with experience in high risk deliveries and 
care of prematures. Infants who are transferred after delivery are at higher risk for 
developing IVH. Inborn patients compared to those who are transported had a lower 
incidence of IVH (13.2 versus 27.4) and a lower relative distribution of severe IVH (39.2 
versus 44.1 percent) (Mohamed & Aly, 2010). Delivery mode does not appear to affect the 
risk of severe IVH (Riskin et al., 2008) whereas the presence or absence of labor in cesarean 
delivery the data are conflicting. In the neonatal care units the efforts must be put on: 
prompt and appropriate resuscitation of the neonate, avoiding hemodynamic instability, 
hypoxia, hyperoxia, hypercarbia and hypocarbia. All this factors affects the cerebrovascular 
autoregulation; avoid hypotension and hypertension and hemodynamic instability must be 
care avoiding large bolus infusions. Metabolic abnormalities such hyperosmolarity, 
hyperglicemia and hypoglicemia should be prevented. Abnormalities in coagulation should 
be corrected (Bada et al., 1990; Dani et al., 2009; Perry et al., 1990). 

The incidence of IVH is higher in preterm infants with patent ductus arteriosus, they should 
be treating (Jim et al., 2005). Ineffective interventions for prevention IVH includes:  antenatal 
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administration of phenobarbital (Shankaran et al., 1997), antenatal administration of 
magnesium sulfate and vitamin K to the mother has no benefit in prevent IVH (Crowther et 
al., 2010; Volpe, 2008). Postnatal indomethacin and vitamin E are associated a lower risk of 
IVH, but the first increases other risks like gastrointestinal and renal negative effects  and 
the other with an increased risk of sepsis, so it’s use is controversial (Fowlie et al., 2010; 
Brion et al., 2003). 

The treatment doesn´t includes a specific therapy, it is supportive and the main goal is to 
preserve more perfectly cerebral perfusion. Treatment and early detection of complications 
like seizures and PHH, with serial cranial US, will improve the outcome, minimizing further 
brain injury. 

2.1.5 Evolution and prognosis 

IVH is still an important cause of injury in premature infants. The negative impact of IVH 
on neurodevelopmental outcome is due not only to direct consequences of IVH because it 
is also associated to other lesions like PHH or PVL. Long term prognosis for infants with 
IVH varies considerably depending on the severity of IVH, complications or other brain 
lesions such PVL, the most lower birth weight and  gestational age add to others 
significant illness will determinate the outcome. Studies have suggested that preterm 
infants with grade I-II IVH have an increased risk of cerebral palsy and cognitive 
impairment compared who those without (Sherlock et al., 2005; Ancel et al., 2006; Patra et 
al., 2006). Infants with the mayor complications, like PVHI and PHH are at much higher 
risk of permanent neurologic impairments like cerebral palsy than dose with IVH alone 
(de Vries et al., 1999). More than 50% of children born before 32 weeks gestational age 
have school difficulties whether or not they had IVH, although the risk is clearly higher 
among children and adolescents with a story of IVH and lower birth gestational age or 
weight (Bowen et al., 2002; van de Bor & den Ouden, 2004). These cognitive or 
behavioural handicaps are related in part to white matter brain injury. The most effective 
strategy to prevent IVH is the prevention of preterm birth. 

2.2 Periventricular leukomalacia 

PVL refers to damage of cerebral white matter brain injury. The name is based on the 
characteristic distribution and consists of periventricular focal necrosis with subsequent 
cystic formation and more diffuse cerebral white matter injury (Volpe, 2008).  

PVL is the mayor form of brain white matter injury that affects premature infants and it is 
associated with subsequent development of cerebral palsy, intellectual impairment and 
visual disturbances. The great risk for developing PVL is under 32 weeks of gestational age. 
The incidence of PVL varies among centers and in relation with imaging testing realized. 
Based on US, frequency of PVL ranges from 5 to 15% in VLBW infants (Stevenson et al., 
1998). Using MRI, white matter abnormalities are found in 21%, and are associated with 
adverse neurodevelopment outcomes at a corrected age of 2 years. Gray matter 
abnormalities are present in half of infants, and are also significantly associated, but less 
strongly, with cognitive delay motor and cerebral palsy (Woodward et al., 2006). PVL is still 
the principal cause of this neurodevelopmental impairment (Volpe, 2003). 
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2.2.1 Risk factors and pathogenesis 

PVL, lesion found predominantly in preterm infants, can be caused by ischemia or infection. 
The distinctive lesion of PVL found in the immature white matter newborns likely results 
from the interaction of multiple pathogenic factors (Table 3). 
 

Pathogenesis of PVL 
Vascular anatomic 
factors 

Incomplete development of vessels 
Boundary zone around the ventricles 

Circulatory 
factors 

Impaired cerebral vascular autoregulation and 
vasoconstriction 

Cellular 
factors 

Cystic PVL: affects all cell components 
Non cystic PVL:  affects predominantly oligodendrocytes 

Oxidative stress Associated to: maternal/fetal infection 
Cytokines  

Axonal development Particularly susceptible to damage 
Beta amyloid precursor protein identified  in swollen axons 
around PVL (marker of axonal damage) 

Genetics Individual genetic variations 

Table 3. Pathogenesis of PVL. 

To date, the several mayor factors identified are: vascular anatomic factors, pressure-passive 
cerebral circulation, intrinsic vulnerability of cerebral white matter of the premature neonate 
and infection/inflammation. The anatomy of the developing cerebral vasculature renders 
makes the premature infant especially vulnerable to periventricular white matter injury. The 
area near ventricles result in a boundary zone, with incomplete development of vessels that 
penetrates the deep and subcortical white matter, therefore this area is vulnerable to 
reduced flow (Takashima & Tanaka, 1978; Rorke, 1992).The circulatory factors and 
metabolic disturbances can impair autoregulation, resulting in higher risk for developing 
PVL, like HIV. In cystic PVL necrotic changes usually affects all cell components. Diffuse 
non cystic PVL affects predominantly a specific cell lineage, that of oligodendrocytes (Oka et 
al., 1993). Another risk factor is oxidative stress attributed to cerebral ischemia and 
reperfusion and or maternal infection (Khwaja & Volpe, 2008). Expression of inducible nitric 
oxide synthase is increased in brains with PVL (Haynes et al., 2009). Axonal maturation 
studies suggest that axons may be particularly susceptible to damage at time in 
development that coincides with the highest risk of PVL (Haynes et al., 2005). Antenatal risk 
factors like infection increase the risk of premature birth. In a meta-analysis, 
chorioamnionitis was associated with cystic PVL (RR 3.0) and cerebral palsy (RR 1.9) 
(Pidcock et al., 1990). Cytokines produced as a consequence of maternal or fetal infection, 
even the infection is asymptomatic may be associated with PVL, because the white matter is 
especially susceptible to damage mediated by this inflammation factor (Dammann & 
Leviton, 1997). 

2.2.2 Classification – Severity and grading PVL 

Using cranial ultrasound PVL can be classified according to Volpe or de Vries (Volpe, 1990; 
de Vries et al., 1992). Volpe categorizes PVL in mild, with micro cysts smaller than 0.2 mm 
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in specially in parasagittal view, moderate with cysts between 0.2 to 0.5 mm, and severe 
when exists multiple cyst bilaterally bigger than 0.5 mm. According to de Vries, PVL can be 
classified from I to IV grades (Table 4).  
 

Reference Method Grading Findings 

de Vries 
(1992) 

Cranial 
Ultrasonography

I transient periventricular echodensities 
persisting for ≥ 7  

II transient periventricular echodensity evolving 
into small, lo-calised fronto-parietal cysts 

III periventricular echodensities evolving into 
extensive periven-tricular cystic lesions 

IV densities extending into the deep white matter 
evolving intoextensive cystic lesions 

Volpe (1990) Cranial 
Ultrasonography

Mild micro cysts smaller than 0.2 mm 

Moderate cysts between 0.2 to 0.5 mm 

Severe multiples cysts bilaterally bigger than 0.5 mm 

Table 4. Grading PVL by Cranial Ultrasonography. 

The existence of echogenic lesions without cysts formation for more than 14 days is 
considered as persistent periventricular echogenicity (Larroque et al., 2003). 

For RMI the grading of PVL is more descriptive. Several studies have shown that MRI is 
more sensitive than cranial US for detection of PVL especially for non cystic form of PVL 
(Maalouf et al., 2001; Roelants-van Rijn et al., 2001). 

2.2.3 Diagnosis 

PVL is detected in newborns by brain imaging using US or CT or RMI. Ultrasound is the 
initial standard method because is portable and less expensive. The criteria for US diagnosis 
are not well defined. A standard examination includes coronal and sagital view (Veyrac et 
al., 2006). The US findings evolve on repeated examinations. The cysts appear after one or 
three weeks and disappear after one or three months if they are moderate or severe 
ventriculomegaly may results (Blankenberg et al., 1997). US has limited sensitivity and 
specificity to detect PVL specially if the lesion are less than 0.5 cm. Sonograms may detect 
only one third of lesion identified at autopsy (Papile, 1997). The routine ultrasound 
recommended by the Quality Standard Subcommittee of the America Academy of 
Neurology and the Practice Committee of the Child Neurology Society made the following 
recommendations:  Routine ultrasound screening should be performed on all infants with 
gestational age less than 30 weeks. Screening should be performed at 7 to 14 days of age and 
repeated at 36 to 40 weeks postmenstrual age. This strategy is designed to detect 
unsuspected PVHI, development of PHH or ventriculomegaly. CT scanning is less useful for 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



Parenchymatous Brain Injury in Premature Infants:  
Intraventricular Hemorrhage and Periventricular Leukomalacia 

 

93 

the diagnosis of PVL in the very preterm infant because it detects fewer lesions than does 
MRI or US (Keeney et al., 1991). Whereas MRI is the most sensible examination the routing 
use of MRI scans for all premature infants has not be recommended although it may be 
useful in some high risk premature infants or older infant or child born prematurely who 
presents with cognitive, motor or sensory impairment (Ment et al., 2002). 

2.2.4 Prevention and treatment 

The strategies to prevent PVL emphasize the maintenance of cerebral perfusion. All 
conditions that impair cerebrovascular autoregulation should avoid by correcting 
abnormalities in blood pressure and blood gases. Antenatal exposure to betamethasone may 
be associated with decrease risk of cystic PVL, more than in infants whose mothers received 
dexamethasone or no received glucocorticoid treatment (Baud et al., 1999). Management of 
PDL after discharge from the hospital is directed at identification of any cognitive, sensory 
or motor impairments, and appropriate therapies for any such impairment. Promising 
studies of neuroprotective strategies to prevent or minimize PVL are being conducted in 
animal models, but human trials of such agents are probably still years away (Oka et al., 
1993; Follett et al., 2004).  

2.2.5 Evolution and prognosis 

Cranial US and brain MRI may yield prognostic information in neonates and children with 
PVL. Infants with more extensive white matter injuries and persistent ventricular 
enlargements are more likely to have severe motor and cognitive deficits. When PVL and 
cystic formation are found in the neonatal period using US, exist a subsequent risk for 
developing cerebral palsy. In a twelve studies review 50% of infants with periventricular 
echolucency developed cerebral palsy compared with 2.6% with infants with normal cranial 
US scans (Holling & Leviton, 1999). Considering the increase on survival rates of extremely 
preterm infants (birth weight less than 1000g it would be reasonable to consider MRI to add 
more prognostic information for such high risk infants. Abnormal white matter a gray 
matter findings on brain MRI at term are predictors of adverse neurodevelopment outcome. 
In VLBW there is an approximately 10% incidence of cerebral palsy and up to 50%incidence 
of school  difficulties largely due to PVL with PVHI being the other cerebral lesion that 
contributes significantly to neurologic disabilities. The incidence of neurologic impairments 
increases with lower gestational age at birth. Cerebral palsy in children born before 36 
weeks gestational age is 20%. Spastic diparesis is the most common form of cerebral palsy in 
children born prematurely because PVL typically affects the periventricular white matter 
closest to the ventricles (Ancel et al., 2006). Despite of these negative numbers thanks to 
therapy and family support some of these children get a social adaptation that increases the 
quality of their lives. 

3. A Chilean experience 
From the years 2001 to 2006, we carried out a prospective cohort study at a tertiary care 
hospital at Valdivia, Chile that includes all inborn neonates with gestational age of 32 weeks 
or less and birth weight of 1500 g or less (Barria & Flandez, 2008). Neonates dead within first 
seven days of age, with major malformation at birth or transferred to another center without 
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ultrasound evaluation were excluded. For this study an experienced pediatric neurologist 
performed serial cranial ultrasound to 164 neonates according the protocol of the Chilean 
Ministry of Health. The images were obtained by using a 7.5-MHz transducer with Medison 
Mysono 201® equipment. The US began within the first week of life, and then at 15 and 30 
days.  

The following epidemiological and clinical variables were obtained from all premature 
infants:  gestational age, birth weight, adequacy of weight to gestational age, gender, Apgar 
score, antenatal use of corticosteroids, type of delivery, rupture of membranes, maternal 
pre-eclampsia and chorioamnionitis.  

Based on the main outcome (IVH: yes/no; PVL: yes/no), variables among groups were 
compared using Fisher exact test for categorical data and the Student t-test or Mann-
Whitney U test for continuous variables. Relative risk (RR) and its 95% confidence interval 
(CI95%) were calculated as univariate estimation of the risk of IVH and PVL. Adjusted odds 
ratios (OR) were estimated using multiple logistic regression with backward stepwise 
incorporation into the initial model of every variable showing a P value ≤ .25 after the 
univariate analysis. The established level of statistical significance was p < .05. Data 
processing and analysis were carried out using Stata 8.1 (Stata Corporation, College Station, 
Texas). 

3.1 Incidence of IVH and PVL, and factors related 

The accumulated incidence of IVH was 18.3% (30/164), distributed in 30% grade I (9/30), 
36.7% grade II, (11/30), 20% grade III (6/30) and 13.3% grade IV (4/30). The percentual 
distribution of IVH by birth weight and gestational age is show in figure 1 and 2, 
respectively.  

 
Fig. 1. Incidence of IVH by birth weight categories. 
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Fig. 2. Incidence of IVH by gestational age categories. 

In the univariate analysis IVH was significantly associated with birth weight, estimating an 
OR of 5.6 (CI95% 1.4 to 21.8) in infants under 750g. In other weight categories there was no 
significant association. According with gestational age, comparing with the group over 30 
weeks, a significantly association was found in infants among 24-26 weeks (OR 5.4, CI95% 

1.72 to 16.7) and among 27-29 weeks (OR 5.4, CI95% 1.72 to 16.7). On the other hand, the 
Apgar at first minute showed a significant reduction in the risk of IVH for each additional 
point in the score (OR 0.82, CI95% 0.70 to 0.95). Other factors analyzed (chorioamnionitis, 
rupture of membranes, pre-eclampsia, etc.) were not significantly associated with IVH. In 
multivariate analysis, only Apgar at one minute was associated independently of the 
outcome of interest. 

Ultrasound assessment allowed the detection of 61 neonates (37.2%) with abnormal white 
matter, 22 with PPVE and 39 with cystic lesion. Thus, the overall incidence for each event 
was 13.4 and 23.8% respectively. PVL was classified as mild in 64.1% (25/39), moderate in 
30.8% (12/39) and severe in 5.1% (2/39). In addition, 23.3% of children with IVH also 
developed PVL (7/30). While PPVE was found in 50% (2/4) at 24 weeks of gestational age, a 
lower incidence remained relatively stable between 25 and 30 weeks, fluctuating between 
14.3 and 16.7%, and declined clearly from week 31. For its part, the c-PVL was found most 
often below 28 weeks, accumulating 66.7% of cases (26/39). Between 24 and 27 weeks, the 
PVL incidence reached at least 50%, and significantly decreased from week 28 (Figure 3). A 
similar pattern occurred in the distribution of c-PVL and PPVE by weight strata, which the 
highest incidence occurred under 1000 g, reaching to below 750 g up to 21.4 and 64.3%, 
respectively. Additionally, the severity of periventricular lesions was higher in most 
premature infants, finding medians of gestational age for PPVE, mild c-PVL and moderate 
to severe c-PVL of 29, 27 and 26.5 weeks, respectively. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

96

 
Fig. 3. Distribution of PPVE and c-PVL by gestational age. 

Birth weight, gestational age, Apgar score and maternal hypertension were significantly 
associated with c-PVL (p<0.05). There were no significant differences in other characteristics 
assessed such as chorioamnionitis, antenatal corticosteroids nor other perinatal factors. In 
the univariate risk estimation, there was an increased risk of c-PVL in extremely low-birth 
weight newborns (<1000g) (RR 5.18, CI95% 2.8 to 9.61) and in infant under 28 weeks of 
gestational age (RR 4.83, CI95% 2.72 to 8.58). A risk reduction effect at border of statistic 
significance was detected for the presence of maternal hypertension (RR 0.48, CI95% 0.23 to 
1.02). There was no effect of Apgar score and other perinatal conditions on the development 
of c-PVL. To PPVE, we found an increased risk with Apgar score ≤ 3 at one minute and 
presence of IVH. The male showed a risk reduction in the limit of statistical significance 
(p=0.058). The extremely low-birth weight and prematurity below 28 weeks showed no 
association with PPVE. 

Our results verify the effect of gestational age (prematurity) and birth weight commented 
previously in this chapter. Highlight of our findings the association found between PVL and 
pre-eclampsia. Consistent with this finding, a study previously has reported that children of 
whose mothers developed preeclampsia with intrauterine growth retardation had a low 
incidence of PVL (0.9%) and showed a significantly lower risk of cystic lesions (OR 0.08, 
CI95% 0,02 to 0.41) (Baud et al., 2000). In this sense, other study showed that none of the 
infants with a history of preeclampsia had c-PVL (Murata et al., 2005). However, other 
researchers found that this effect has been limited until 32 weeks, observing, on the 
contrary, an increased risk in children between 33 and 35 weeks of gestational age (Resch et 
al., 2000). Consequently, although the evidence is unclear, there is pathophysiologic support 
for considering hypertension in pregnancy as a protective factor on the incidence of c-PVL, 
based on self-regulatory mechanisms of the fetoplacental circulation developed in response 
to fluctuations of vascular tone. This would allow deal adequately potential hypoxic-
ischemic episodes in the fetal brain. In this function, activation of the renin-angiotensin 
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system in the fetoplacental unit caused by pre-eclampsia, would have a principal action (Ito 
et al., 2002). Likewise, hypertension and growth restriction can accelerate neurological 
maturity (Hadi, 1984), suggesting that early maturation may reduce brain disorders. It is 
also likely, however, that there are intermediate factors in this causal chain that must be 
clarified. 

3.2 Follow up at four years 

From 153 children potentially eligible born between September 2001 and June 2005 were 
included 81 preterm infants <32 weeks and/or VLBW with neurological evaluation at the 
fourth year of life (52.9%). Of the remainder, in 12 cases there was no record and in 60 there 
was no neurological control at this age. We calculated the incidence of neurological 
disorders and assessed association for different variables using t-test and Fisher exact test. 
Risks were calculated for overall and specific neurological areas for different variables, by 
estimating crude and adjusted odds ratio using multiple logistic regression. 

At discharge from the hospital, 17.5% of the infants developed IVH and 23.4% cystic PVL of 
varying degrees. At 4 years, 30.9% of patients were diagnosed with some degree of 
alteration in any of the evaluated areas. Eighteen children (22.2%) showed cognitive 
impairment: 61% mild, 33.3% moderate and 5.5% severe. In motor area, 16 children showed 
affection, highlighting 37.5% (6/16) of spastic diplegia and 43.7% (7/16) hemiparesis. Six 
children (7.4%) showed sensory (visual, auditory or both) and social deficits.  

In multivariate analysis, the gestational age was significantly associated with motor disorder 
estimating an adjusted OR 0.57 for each additional week (CI95% 0.40 to 0.81). The history of 
IVH also showed a significant association estimating an OR 4.3(CI95% 1.1 to 17.7). Similarly, 
for cognitive impairment, was estimated a lower risk with higher gestational age (OR 0.64, 
(CI95% 0.42 to 0.95). 

4. Conclusion 
Gestational age is an important predictor of neurologic outcomes and therefore the 
systematic monitoring of premature infants allows the diagnosis need to target intervention 
and/or rehabilitation for improving the quality of life of the child and family. Since 
prematures improve surviving, decreasing the adverse outcomes taking the best strategies 
to prevent brain injury is must necessary. Preventing the premature birth is the main goal. 
When it isn´t possible, knowing the pathofisiology of the brain lesions and it´s risk factors 
can minimizes the final results in terms of neurodevelopment. Strategies in early 
intervention for lower motor handicaps, specially in whose have cranial US altered is 
needed. Their periodic neurological evaluation for finding behavioural and cognitive 
impairments is needed for giving them the best expectations in their quality of live. 
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1. Introduction 
Meconium stained amniotic fluid (MSAF), which occurs in about 10-15% of all pregnancies 
[Wiswell TE. et al., 1990], is common in term births and especially in post-date deliveries. 
Τhe etiology and pathophysiology of MSAF is poorly understood. While the more advanced 
maturation process of the gastrointestinal tract may account for the higher rates of MSAF in 
post-date deliveries, it is generally believed that the presence of MSAF in other 
circumstances is a marker of fetal distress and may be associated with adverse fetal and 
neonatal outcome [Woods JR. et al., 1994; Krebs HB. et al., 1980; Mazor M. et al., 1998].  

A relationship of MSAF with stillborn infants, abnormal fetal heart-rate (FHR) tracings, 
neonatal encephalopathy, respiratory distress (meconium aspiration syndrome, MAS) and 
abnormal neurologic outcome is reported in the literature. The finding of MSAF is 
associated with multiple markers of fetal distress, as meconium-stained infants have in 
general lower scalp pHs and lower umbilical cord artery pHs in comparison with infants 
born through clear amniotic fluid [Nathan L. et al., 1994; Ramin K. et al., 1994; Starks GD., 
1980]. Additionally, infants born through MSAF have lower Apgar scores in the first and 
fifth minute after delivery [Wiswell TE. et al., 1990; Clifford SH., 1945]. However, in the vast 
majority of cases, no major problems occur in infants born through MSAF. 

The term “meconium aspiration syndrome (MAS)” describes neonates born through MSAF, 
who present respiratory distress which cannot be otherwise explained. MAS is the most 
frequent complication diagnosed among infants born through MSAF, with an incidence of 
about 5% in these cases [Wiswell TE. et al., 1993; Cleary GM. et al., 1998]. Meconium stained 
infants are considered 100 times more likely to develop MAS, compared with infants born 
through clear amniotic fluid [Fleischer A., et al., 1992]. The severity of this syndrome is 
demonstrated by the fact that published data report that about one-third to one-half of 
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neonates with MAS will require mechanical ventilation, one-quarter will develop 
pneumothoraxes and one in twenty will die, although the death rate has declined 
appreciably since the 1990s as a result of successful airway management in the delivery 
room, better ventilatory techniques and improvement in supportive neonatal care 
(thermoregulation, parenteral nutrition) [Wiswell TE. et al., 1993; Cleary GM. et al., 1998].  

It is noteworthy that the significantly higher rates of admission to newborn intensive care 
units for neonates born through MSAF in comparison with those born through clear 
amniotic fluid underlines the strong association between MSAF and fetal distress; the 
greater experience, moreover, gained in this area has also yielded useful data about the cost-
effective management of such cases. It was estimated that approximately 24% of meconium 
stained neonates were admitted to newborn intensive care units, compared to 7% of those 
born through clear amniotic fluid [Nathan L. et al., 1994].  

Although the incidence of MSAF and MAS is high, there remains a distinct paucity of 
literature describing the neurological development of either children born through MSAF or 
those with MAS. The aim of this Chapter is to review studies which examine the potential 
association of MSAF and MAS with fetal and neonatal brain injury in order to investigate 
the incidence of this condition, the possible pathogenetic pathways of fetal brain injury in 
MSAF and the optimal means of recognizing and preventing these complications.   

1.1 Historical aspects 

It was the famous ancient Greek philosopher Aristotle who, first describing meconium 
stained amniotic fluid, conferred on this condition the name “meconium-arion”, literally 
meaning “opium-like”. His use of this term may have been due to his belief that MSAF 
induced fetal sleep and his knowledge that it was also associated with fetal deaths and 
neonatal depression, or else it may have arisen because meconium resembles the black, tarry 
consistency of processed opium.  Several publications from the 1600s reported MSAF as a 
sign of death or impending death of the fetus. The first description of in utero aspiration of 
meconium and MAS was published in 1918 [Reed CB., 1918]. An explanation for the 
pathogenetic mechanism was based on the hypothesis that in utero anoxia could relax the 
anal sphincter and result in meconium passage. Other investigators maintained that 
asphyxia leads to meconium passage because of increased intestinal peristalsis [Brews A., 
1948]. The critical point of hypoxia that is needed for meconium passage was first described 
in a study which found that umbilical venous oxygen saturation levels below 30% were 
associated with meconium passage [Walker J., 1954]. In 1945, Clifford, in a research study 
supporting the need for resuscitation in such cases and basing his views on the 
complications observed in neonates, reported a mortality rate of approximately 6% and a 
morbidity rate of about 60% among infants born through MSAF [Steer PJ. et al., 1989].  

Useful conclusions with regard to MSAF and MAS were disclosed in the National Institute 
of Neurological and Communicative Disorders and Stroke Collaborative Perinatal Project 
(CPP) of the late 1950s and 1960s. In this project, more than 42,000 children were followed as 
from delivery for possible future identification of cerebral palsy (CP), mental retardation 
(MR) and other abnormal neurologic findings. It was found that 10.3% of all live-born 
infants in the CPP had had meconium staining. Neonatal mortality rate for the stained 
group was about 3.3%, compared to 1.7% among infants born through clear amniotic fluid 
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[Fujikura T., et al., 1975]. The incidence of MAS among infants born through MSAF in the 
CPP was about 8.7% [Naeye RL., 1992]. In contrast with the extremely decreased mortality 
rates of this complication in the present day, it was noted that ultimately 63% of neonates 
who developed MAS in the CPP died. It is notable that from 1957, the hypothesis that 
meconium stained neonates had a significantly higher risk of developing neurologic 
disorders in the future was supported in the literature [Brown CA. et al., 1957].  

The greatly improved results in mortality and morbidity rates today in cases of infants 
diagnosed with MAS are attributable to the highly successfully applied aggressive airway 
management that has been followed by pediatricians in meconium stained neonates since 
the 1970s [Wiswell TE., et al., 2000]. Although large randomized controlled clinical trials do 
not support the need for intratracheal intubation and suctioning, the generally followed 
practice of obstetrical oro- and nasopharyngeal suctioning and postpartum intratracheal 
suctioning of meconium stained infants in the delivery room plays an important role in 
prevention of severe complications arising from the meconium aspiration syndrome 
[Wiswell TE., et al., 2000]. On the other hand, maneuvers like intrapartum oro- and 
nasopharyngeal suctioning prior to delivery of the baby’s shoulders or amnioinfusion of 
normal saline or lactated Ringer’s infusion into the uteri of women with MSAF do not avert 
the development of MAS [Vain NE. et al., 2004; Fraser WD. et al., 2004].    

2. Mechanisms of meconium passage 
Meconium is a viscous green liquid consisting of gastrointestinal secretions, bile, bile acids, 
mucus, pancreatic juice, cellular debris, amniotic fluid and swallowed vernix caseosa, 
lanugo and blood [Wiswell TE. et al., 1993]. Approximately 60-200 gr. of meconium are 
found in a term infant’s intestine. The many possible pathophysiological pathways of 
intraamniotic meconium passage all have the same origin, which is ante- or intrapartum 
asphyxia. Several investigators have argued that in utero anoxia could relax the anal 
sphincter tone of the embryo [Reed CB., 1918], while others have expressed the hypothesis 
that anoxia could increase intestinal peristalsis [Brews A., 1948]. In any case, both these 
pathways originate from asphyxia and lead to intraamniotic meconium passage. 
Additionally, the theory of compression of the fetal head or umbilical cord which produces 
a vagal response and finally leads to meconium passage is supported in the published 
literature [Miller FC. et al., 1981]. The important role of hypoxia was well documented after 
clinical observations that umbilical venous oxygen saturation levels below 30% were 
associated with meconium passage [Walker J. et al., 1954]. There are also theories which 
propose a potential pathogenetic role of intrauterine infection leading to meconium passage, 
as the rate of intraamniotic infection is shown to be significantly higher in women with 
MSAF [Wen TW. et al., 1993; Vrachnis N. et al., 2010]. 

On the other hand, in the majority of cases, the presence of meconium is probably a 
physiologic maturational event. Meconium passage is rare before the 37th week of gestation, 
but may occur in more than 35% of pregnancies after the 42nd week of gestation [Nathan L. 
et al., 1994]. 

However, how can one make estimates of the amount of time that has passed between fetal 
defecation and birth?  There are clear-cut indications.  Freshly passed meconium is a thick, 
viscous shimmering black-green colored substance. With the progress of time, the color of 
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MSAF will change to brown and finally to tan or yellow. That is why the yellow-colored 
appearance of MSAF is synonymous with the term “old” meconium.  

Additionally, it is generally believed that the duration between defecation and delivery can 
be estimated by the color of placental staining. Acute staining is slimy with a dark-green 
color, chronic staining has a characteristic muddy-brown appearance (over six hours of 
exposure), while very remotely passed meconium is light tan.   

3. MSAF and brain injury   
3.1 MSAF and adverse neurodevelopmental outcomes 

Although large prospective epidemiologic studies specifically following a group of neonates 
born through MSAF for future development of neurologic handicaps are absent from the 
published literature, there are several reports which link the pathogenetic role of meconium 
passage with a variety of neurolodevelopmental disorders. 

A strong relationship between MSAF and symptoms like hypotonia, lethargy and seizures 
in infants born through MSAF is documented in the literature [Brown CA. et al., 1957]. 
Additionally, Grafe studied cases of brain injury in 83 stillborns and 13 infants that occurred 
within one hour from delivery [Grafe MR., 1994]. A higher rate of neurological 
complications was noted among infants born through MSAF if meconium staining of the 
placenta was present, while the major neurologic pathological finding was white-manner 
gliosis or necrosis. The key role of placental meconium staining was also observed in a 
recent study published in 2005 which stated that meconium-associated vascular necrosis of 
the placenta is the main etiological factor associated with neurologic impairment in infants 
[Redline RW., 2005] (Figure 1). 

Research studies have also recognized a strong relationship of meconium passage with 
adverse neurologic outcome, especially in premature labor. Meconium in premature labor is 
considered to be a higher risk factor for future neurologic disorders compared to term 
delivery. In a study of Kalis et al., 41% of premature infants born through MSAF were 
diagnosed as having cerebral palsy (CP), compared to 10% in the same group with clear 
amniotic fluid. The incidence of CP in term pregnancy when meconium was present was 
reported as 0.4%, compared to 0.3% in a population without any obstretical risk [Kalis V. et 
al., 2001].    

Information and data from the CPP were examined by several investigators in order to 
exclude safe conclusions. A group of 50 children from the CPP diagnosed with neurological 
disorders, like moderate or severe motor disability and severe MR, was studied and 
compared to a large control population. Those with severe disorders were more than twice 
as likely to have been born through MSAF (40.8% vs 19.1%) [Nelson KB. et al., 1977]. The 
same investigator found that the rate of CP among children with a birthweight over 2500 gr. 
was about 3/1000 if there was no history of obstetrical problems, while it was 4/1000 when 
neonates were born through MSAF in the absence of further obstetrical complications 
[Nelson KB., 1989]. Of particular interest was the increased CP rate (94/1000) when there 
was a history of MSAF and a 5-minute Apgar score below 3 [Nelson KB., 1989]. In cases of 
neonates with a birthweight below 2500 gr. born through MSAF, the estimated rate of CP 
was approximately 15/1000. Additionally, 12/1000 of these low-birthweight meconium 
stained infants developed seizures in the absence of CP [Nelson KB. et al., 1984]. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Association of Meconium Stained Amniotic Fluid with Fetal and Neonatal Brain Injury 

 

107 

 
Fig. 1.  Pathogenetic pathway of direct in vivo vasoconstriction on umbilical cord and 
placental vessels from meconium (meconium stained placenta), that leads to cerebral 
cortical and subcortical brain damage, in comparison with normal neural development in an 
infant born through clear amniotic fluid without placenta lesions (infracts or 
vasoconstriction). 

In another study, a group of 75 babies diagnosed with CP was analyzed [Shields JR. et al., 
1988]. The aim of this research was to investigate the potential correlation between 
MSAF/MAS and future development of CP. The results supported this hypothesis, as 41% 
of babies with CP had been born through MSAF, while 21% had been affected by MAS. 
Similar results were reported in several other studies that found an increased rate of CP and 
periventricular leukomalacia (PVL) among meconium stained premature infants [Gaffney 
G. et al., 1994; Spinillo A. et al., 1997; Spinillo A. et al., 1998]. 

An interesting research studied the incidence of autistic disorder in neonatal intensive care 
unit survivors. Five thousand two hundred seventy-one (5271) children were followed for 
neurodevelopmental disorders for a five-year period after discharge. Autistic disorder was 
diagnosed in 18 cases, while 57 developed CP. Obstetrical history of MAS was found 
significantly higher in the group with autistic disorder (22%) or CP (8.8%), compared with 
the control population of neonatal care units survivors without MAS [Matsuishi T. et al., 
1999]. 

Several studies have also found an increased rate (up to sevenfold) of seizures during the 
neonatal period among infants born through MSAF in comparison with cases in which 
amniotic fluid was clear [Nathan L. et al., 1994; Berkus MD. et al., 1994; Sato S. et al., 2003]. 
This observation is important as seizures constitute a predictive factor of subsequent 
neurological adverse outcome. In some of these cases of seizures during the neonatal period, 
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even in the absence of signs of hypoxic-ischemic encephalopathy, perisagittal cerebral 
infracts were present [Sato S. et al., 2003]. A hypothesis that pre-existing neurological injury 
prior to delivery takes place in the majority of meconium stained infants, rather than 
intrapartum injury, was supported by a recent research [Blackwell SC. et al., 2001]. In this 
study, the risk for developing seizures among neonates with severe MAS was found to be 
independent from pH levels of the umbilical cord artery, which are associated with 
intrapartum fetal distress. According to these findings, the conclusion that non-hypoxic-
ischemic mechanisms may also cause fetal and neonatal brain injury seems correct.  

3.2 MSAF and pathogenesis of brain injury 

Thus, which is the pathogenetic mechanism that leads to brain injury in cases of infants born 
through MSAF? The pathophysiologic mechanisms that cause CP remain controversial and 
cannot be associated with birth injury or intrapartum hypoxic-ischemic insults alone [Kuban 
KCK et al., 1994]. At the present time, several markers are used for prognostic purposes, 
with fetal heart rate tracing, the Apgar score in the first and fifth minute after delivery or the 
presence of recurrent neonatal seizures providing means to indicate the potential for CP in 
the future. In particular, the latter prognostic factor seems to have greater validity than other 
perinatal characteristics [Nelson KB. et al., 1977; Kuban KCK et al., 1994]. Of course, 
ultrasonographic appearance of periventricular leukomalacia is the most reliable sign of 
future CP development [Kalis V. et al., 2001]. Nevertheless, none of these markers explains 
the pathogenesis of brain injury after meconium passage, since they are considered to be the 
consequence rather than the cause of the processes leading to CP. 

In order to investigate the potential pathogenetic mechanism of fetal and neonatal brain 
injury due to MSAF it is necessary to emphasize the possible conditions that lead to 
meconium passage in utero, these conditions being: hypoxia-anoxia status, intrauterine 
infection or maturation progress. Consequently, meconium staining is strongly correlated 
with disorders that could affect the fetus: chorioamnionitis, premature rupture of 
membranes, abruption placentae and large placental infarcts [Naeye RL., 1992]. Some 
fetuses suffer acute or chronic episodes, severe enough to cause brain injury, but not 
intrauterine death. If the stress disappears, the fetus can resume its normal status and not 
present postpartum depression with low Apgar scores or low umbilical cord artery pH. The 
neonate may seem neurologically healthy for months after delivery; however, severe 
neurodevelopmental disorders could be diagnosed years after birth. Similarly, the presence 
of negative prognostic factors, such as abnormal fetal heart rate tracing or low Apgar scores, 
may reflect an insult that took place long before delivery (hours to days to even weeks or 
months) rather than of more immediate intrapartum difficulties.  

These observations lead to the conclusion that the intrauterine environment and the causes 
giving rise to intraamniotic meconium passage are also involved in the pathophysiology of 
fetal brain injury due to MSAF. It is clear that meconium passage could be a major factor in 
the pathogenesis of neurological disorders.  

The main pathogenetic pathways are two:  

i. Meconium and its components (bile acids) may have a direct vasoconstrictive effect on 
umbilical and placental vessels [Kalis V. et al., 2001] (Figure 1). This hypothesis was 
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studied in a research seeking to investigate a potential mechanism of fetal ischemia 
caused by vasoconstriction of placental or umbilical vessels [Altshuler G. et al., 1989; 
Altshuler G., 1995]. Vasoactive substances of meconium could cross into the fetal 
circulation and cause ischemia of cerebral vessels or render pulmonary vessels more 
reactive, resulting in persistent pulmonary hypertension of the newborn. Additionally, 
an in vitro experiment that was performed exposing excised umbilical venous tissue to 
meconium showed substantial vasoconstriction. Although the specific constituent was 
not identified, the hypothesis that MSAF could cause in vivo placental and umbilical 
cord vasoconstriction was correct, as the agent was found to be heat-labile.  
This pathogenetic pathway underlines the major role of meconium-induced placental 
necrosis, due to vasoconstrictive effects on umbilical and placental vessels, in fetal brain 
injury. Meconium in the amniotic fluid may sometimes initiate vasoconstriction on 
umbilical and placental vessels, which leads to cerebral cortical and subcortical brain 
damage and finally ischemic-hypoxemic CP, as it may reduce the venous return of 
oxygenated blood from the placenta to the fetus [Naeye RL., 1995]. This theory is in 
agreement with previously mentioned studies which report that a higher rate of 
neurological complications is noted among infants born through MSAF if meconium 
staining of the placenta was present, as meconium-associated vascular necrosis of the 
placenta is thought to be the main etiological factor associated with neurologic 
impairment in infants [Redline RW., 2005]. As established by Altshuler, with the 
passage of meconium into the fetal sac, it takes a minimum of four to twelve hours for 
the meconium to diffuse to and into the lumens of placental and umbilical cord vessels 
and become pathogenetic, inducing vasoconstriction [Altshuler G., 1995]. 

ii. Meconium causes intraamniotic infection and results in a release of fetal cytokines and 
eicosanoids (tumor necrosis factor alpha-TNF-a-, interleukin 1 beta-IL-1β-, interleukin 6 
-IL-6-, interleukin 8-IL-8-, leukotriene B4, thromboxane B2) which can damage 
myelinogenesis in periventricular white matter and lead to periventricular 
leukomalacia as shown in Figure 2 [Kalis V. et al., 2001; Le Bouar G. et al., 2002; 
Malamitsi-Puchner A. et al., 2006]. The increased incidence of intrauterine infections in 
the presence of MSAF, as well as the frequent findings of inflammatory lesions in the 
placenta, umbilical cord, fetal membranes and lungs, underscores the major role of 
inflammation in the pathogenesis of fetal brain injury. It is well known that 
proinflammatory fetal cytokines, oxidants and eicosanoids produce an oxidant 
environment with deleterious and ischemic effects on fetal neural tissue [Naeye RL., 
1995; Wu JM. et al., 1995]. 

It is however more likely that the etiology of fetal brain injury in cases of in utero meconium 
passage is synergic. This means that both above mentioned pathogenetic pathways could 
play an important role in the development of brain damage, but when there is a 
combination of the two main factors (both direct vasoconstriction on placental vessels and 
intrauterine infection), then the result becomes more severe. Highly interesting studies are 
accordingly being carried out based on both the toxic vasoconstrictive role of meconium and 
the deleterious effects of fetal cytokines and other infection-related factors in the presence of 
MSAF in order to elucidate the pathogenetic mechanism of fetal brain injury [Benirschke K., 
2001]. 
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Fig. 2. Pathogenetic pathway of intraamniotic infection due to meconium passage that 
results in a release of cytokines and eicosanoids from fetal lungs which can damage 
myelinogenesis and lead to periventricular ischemia and leukomalacia, in comparison with 
normal neural development in an infant born through clear amniotic fluid without 
meconium aspiration syndrome. 

4. Further neurological abnormalities in children born through MSAF 
The vast majority of infants born through MSAF, even after successful management of MAS, 
do not present symptomatology suggestive of severe neurological disorder due to ante- or 
intrapartum fetal brain injury. An abnormal fetal heart rate tracing, a low Apgar score in the 
first and fifth minute after delivery or the presence of recurrent neonatal seizures and 
symptoms such as hypotonia or lethargy could predict possible CP in future. Nevertheless, 
even in the absence of these factors during the early postpartum period, an adverse 
neurodevelopmental outcome, as a result of fetal expose to MSAF, may appear during 
childhood.  

Children born through MSAF present a significantly increased risk for neurologic 
abnormalities in the 7th year of life, including quadriplegic CP, chronic seizures, 
hyperactivity, moderate or severe motor disability and severe mental retardation (MR) 
[Naeye RL., 1992]. 

Additionally, research studies support the existence of a positive correlation between fetal 
exposure to MSAF and future development of autistic disorder or difficulty with school 
learning procedures because of concentration deficit. 
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In conclusion, it is evident that major neurological disorders may arise from fetal or neonate 
brain injury. It must be the goal of obstetricians to minimize or even eliminate these 
complications, so catastrophic for the neurological and mental health of children, and to 
strive for the best perinatal management and thus outcome for both the mother and the 
neonate. 

5. Conclusions 
It is true that most infants born through MSAF will be neurologically healthy. Nonetheless, 
there is substantial documentation of the existence of a close relationship between 
MSAF/MAS and development of future neurological abnormalities, as well ample evidence 
that meconium passage may be the main etiological factor in the pathogenesis of 
neurological disorders in a significant percentage of children without other obstetrical 
complications.   

The intrauterine environment and the causes giving rise to intraamniotic meconium passage 
(i.e. hypoxia-anoxia status, intrauterine infection) are also involved in the pathogenesis of 
fetal brain injury due to MSAF, this possibly being activated via two as yet hypothesized 
pathways that may act in an either independent or synergic way. The direct vasoconstrictive 
and/or deleterious long-term in utero effect of meconium results in severe fetal brain injury 
due to the reduced venous return of oxygenated blood from the placenta to the fetus and/or 
the environment produced by proinflammatory fetal cytokines, oxidants and eicosanoids 
which is highly toxic for the fetal neural tissue. 

In the vast majority of cases, severe neurologic handicaps do not appear during the early 
postpartum period. However, the possibly remains that an adverse neurodevelopmental 
outcome combined with fetal exposure to MSAF could be diagnosed during childhood, or 
even in the first years of school, translated as pronounced learning difficulties. Cerebral 
palsy and severe mental retardation are major neurological disorders which are diagnosed 
more frequently in cases of children born through MSAF in comparison with those born 
through clear amniotic fluid. Their pathogenetic pathway is likely to have the same 
origination, which is severe fetal and neonatal brain injury. Needless to say, perinatal care 
has progressed vastly in the present day and the rate of these complications as well the 
mortality and morbidity rate after MSAF or MAS are correspondingly much decreased. 
However, bearing in mind the potential for these adverse outcomes, catastrophic for the 
neurological and mental future of the child, an uneventful late pregnancy and labor 
culminating in the optimal perinatal result for both the mother and the neonate must be the 
goal of every physician.    
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Sleep Development and Apnea in Newborns 
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1. Introduction 
One of the major problems in neonatal care, is the presence of sleep apnea in premature 
infants. This is due, that respiratory disturbances placed at high-risk and in immediate 
danger to newborn infants because alteration in adaptation to extra-uterine environment. 
Apnea during sleep can be the principal symptom of maturational dysfunction of the 
control of the central nervous system (CNS) on the infant respiratory patterns, or can be 
present secondarily to other brain or non-brain pathologies. Frequency of apnea is inversely 
related to gestational age at birth. In this chapter, we revisited the process of sleep 
development from fetal to neonatal age focused in the presentation of respiratory 
alterations, such as the apnea. Afterward, we reviewed the clinical features of apnea for its 
clinical diagnosis and therapeutics. 

2. Development of sleep 
Different neuronal networks underlying brain function maturing during fetal life beginning 
as early as 10 weeks of gestational age (GA). For example, the human fetus displays 
spontaneous movements that can be visualized by means of ultrasonography (USG), which 
can document eye-opening and –closure, and rhythmic body movements. On the other 
hand, fetal heart rate can be electronically recorded by means of serial electrodes placed in 
the abdominal skin of the mother, fetal heart rate variations reveals the fetal well-being. 
Both tests, allow estimation of fetal state transitions underlying fetal behavior including the 
sleep. Recently, Magnetoencephalographic (MEG) recordings of the fetal and neonatal 
cortical magnetic activity constituted as a promising technique in the study of sleep 
physiology. At earlier stage of development, no clear sleep state can be well defined. The 
sleep stages appears clearly at the end of fetal period near at the time of birth.1 One study 
carried out in our laboratory suggested a high correlation of fetal sleep with those sleep 
measurements developed after birth in neonates.2 

After birth serial recording of several physiologic functions during sleep or polysomnography 
(PSG) can be obtained by continuous monitoring of electroencephalographic (EEG) signal; eye 
movements (EOG); electromyographic (EMG) signal of axial and limb muscles; 
electrocardiographic (EKG) recording; different measurements of respiratory function,  
such as those obtained by a nasal thermistor, chest and abdominal movements; blood 
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concentrations of oxygen and carbon dioxide sensors are placed in neonates in order to 
study the organization of the functional state.3 

Preterm infants born at 24 weeks of gestational age (GA) show predominant cyclic 
rudimentary sleep functional state called Transitional or Indeterminate sleep (IS). Scarce 
burst of electro-cortical activity over a flat background in EEG are presents which is called 
Discontinuous activity or Tracé Discontinu.4 When time intervals are measured between 
successive epochs of PSG signal, EEG activity shows variable Discontinuous activity 
depending on GA with larger flat EEG periods at earlier GA. By 34 weeks of conceptional 
age (CA = GA + post-natal legal age in weeks. Is the better parameter to measure and 
correct maturational effects of preterm birth and early post-natal life on the EEG and PSG 
recordings when are compared with those of newborns born at-term and with some weeks 
of post-natal age) a Rapid eye movements (REM) sleep-like state emerges, and is called 
Active sleep (AS). Around 37 weeks of CA Quiet sleep (QS) differentiates and appear as 
alternating intervals of variable span according to CA changes of different EEG frequency 
and amplitude patterns called Tracé Alternat, while in AS periods appears with continuous 
EEG activity or Tracé Continu. Cycle times vary between sleep periods, but usually range 
between 40 and 60 min. Behavioral estimations of IS approximate amounts 95% of sleep in 
the 30 weeks of CA studies, decreasing progressively and disappearing by near-term ages.5 

There is a relative continuity of sleep state from intrauterine through neonatal age, from last 
weeks of pregnancy to 44 weeks of CA. Such physiologic continuity may reflect the need for 
sleep state homeostasis of both the fetus and newborn during the transition from 
intrauterine to extra-uterine environments,2 requiring approximately one postnatal month of 
brain development before infant sleep patterns emerge. These physiologic interrelationships 
defining neonatal state, persist to 4–6 weeks of postnatal life after which infant sleep 
patterns subsequently emerge to eventually resemble those of adult sleep rhythms by 
between the first and second years of life. Similar temporal relationships are expressed by 
preterm neonates in an extra-uterine environment. However, a review of medical literature 
regarding fetal wakefulness suggests no convincing evidence that the fetus is awake as often 
as the preterm neonate. A state of cortical arousal similar to IS inhibits the awake state in the 
fetus as a defense response of brain plasticity.6  

3. Development of sleep respiratory patterns 
The recognition of sleep states in newborns and infants was initially based on differences in 
respiratory rate. The breathing rhythm was more irregular during AS and IS and more regular 
during QS segments. Related changes in these respiratory patterns first were noted when sleep 
state differentiation was recognized.7 There are a number of features of respiratory patterns 
that will be briefly summarized, including central respiratory pauses, breathing regularity 
versus irregularity, breathing frequency, and the percentage of paradoxical breathing as it 
refers to out-of-phase thoracic and abdominal breathing movements. Central respiratory 
pauses are of short duration and are normally seen in the newborn and can be documented 
also during the waking state following body movements. However, they primarily occur 
during sleep.8 The apnea index, defined by the percentage of non-breathing time,9 is 
significantly higher during AS than QS. It remains high until 38 weeks of CA and decreases 
significantly both during AS and QS by term age. Preterm infants corrected to term age as well 
as gestational-age infants who are small for their age also have a greater number of respiratory 
pauses than is appropriate for gestational-age infants of the same CA. 
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After 35 weeks of CA, respiratory frequency is higher during AS and QS. During both 
components of the sleep cycle, respiratory frequency increases with increasing gestational 
age to term and continues to increase during the first two months of life. Thereafter, at older 
ages, the respiratory rate progressively decreases. Phase shifting or paradoxical breathing 
between thoracic and abdominal breathing movements is commonly seen during the first 
several months of life and is closely related to inter-costal muscle inhibition, particularly 
during active sleep, in part reflecting high chest wall compliance. By the at-term age of 
pregnancy, the time spent with 180o out-of-phase shift between thoracic and abdominal 
breathing movements remains unchanged but is significantly greater during AS than QS.10  

4. Definition and different types of apnea 
Apnea in newborns is defined as absence of breathing for 20 sec or longer, or at a shorter time 
if bradycardia of <100 beats/min, cyanosis, hypoxia, and/or hypotension is present.11 Apnea 
is classified as central, obstructive, and mixed. Central apnea is present when epochs of 
absence of nasal air flow and thoracic breathing are identified, obstructive apnea is recognized 
when respiratory thoracic movements are present but nasal air flow is inadequate, and mixed 
type is present when events begin or end with central or obstructive apnea and change to the 
other type of apnea.12 PSG is the most adequate electrophysiologic test to identify apnea in 
preterm and at-term newborns, and must be performed in all infants with risk factors. 

5. Risk factors for different types apnea 
We carried-out a study at a tertiary-level medical center for care of high-risk newborns at 
Neonatal Intensive Care Unit in Mexico City. Newborns were selected if they presented any 
risk factor for apnea during neonatal period (such as preterm birth, low Apgar score, sepsis, 
and others) when infants were stable and not mechanically ventilated. The sample was 
divided in infants that presented and those that did not presented apnea events on PSG 
studies. Newborns were studied by a neurologic examination, transfontanelar 
ultrasonography, and laboratory tests. Two hundred twenty three patients were studied 
(Table 1). One hundred twenty nine were females (57.84%). One hundred thirty one patients 
were born weighting <1,500 g (58.74%). Apgar score at 1 min was ≤3 in 53 patients, other 
clinical data were obtained from hospital records. 

We detected apnea events in 55 patients (24.66%). Comparison of clinic characteristics 
between infants with and without apnea is shown in Table 2, significant differences were 
found with regard to age, weight, and cephalic perimeter at birth, with lower values in the 
group of infants with apnea as expected by previous literature. No statistical differences in 
main risk factors such as: sepsis, intraventricular hemorrhage, hyperbilirubinemia, hypoxic-
ischemic encephalopathy, meningitis and TORCH in infants with and without apnea were 
seen. Although each patient can have more than one type of apnea, forty patients showed 
central apnea events (72.72%), six manifested obstructive events (10.90%), and nineteen 
demonstrated mixed events (34.54%). Some infants presented only one type of apnea: 
central (n = 31), obstructive (n = 5) and mixed (n = 10). Comparison of characteristics among 
these groups showed significant differences in weight at birth, cephalic perimeter, and one-
min Apgar score with lower values in infants with central and obstructive apnea than 
infants with mixed apnea (Table 3). Significant differences in weight at birth between central 
and mixed groups with regard to infants with obstructive events; and in cephalic perimeter 
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among group of mixed apnea to the other two groups; and in Apgar score at one min in 
groups of obstructive and mixed apnea to group of infants with central events were 
observed. Frequency of three main risk factors identified in patients with only one type of 
apnea showed significant differences when compared with infants without apnea in 
birthweight <1,500 g in the group of infants with central apnea; and in hyperbilirubinemia 
and gastroesophagic reflux in infants with obstructive apnea; and in hyperbilirubinemia and 
sepsis in infants with mixed events of apnea (Table 4). The main pharmacologic agents used 
for apnea treatment were theophylline (n = 21, 38.18%) and aminophylline (n = 14, 25.45%), 
nonetheless twenty patients (36.36%) were without treatment at time of study because they 
were not identified as having apnea events previously.13  

 
n = number of patients. Each subject can have more than one risk factor 

Table 1. Neonatal risk factors in the sample (n = 223 patients) 

 
x = mean. sd = standard deviation. p = probability. n.s. = no significant. CP = Cephalic perimeter 

Table 2. Comparison of characteristics of infants with (n = 55) and without apnea (n = 168) 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Sleep Development and Apnea in Newborns 

 

119 

 
x = mean. sd = standard deviation. p = probability. n.s. = no significant. CP = Cephalic perimeter 

Table 3. Comparison of characteristic of infants with different type of apnea 

 
HB = Hyperbilirubinemia. HM = Hyaline membrane. GR = Gastroesophagic reflux.  
HNa = Hyponatremia. IH = Intraventricular hemorrhage. BD = Bronchopulmonar dysplasia.  
PFC = Persistent Fetal Circulation  FGR = Fetal growth retard. * (p < 0.001) 

Table 4. Main risk factors found in infants with different type of apnea 

6. Pathophysiology 
Several mechanisms have been proposed to explain apnea pathophysiology, such as: 
immaturity of respiratory control center at brainstem, CO2 lower ventilation response at 
REM sleep, lower number of synapsis and myelination at respiratory control center.10,14  

7. Diagnosis and treatment  
The diagnosis is clinical, and is established in basis of a high degree of suspicion of apnea in 
premature high-risk infants. However, some immature at-term infants may also present 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Neonatal Care 

 

120 

apnea. Breathing observation and respiratory pauses identification are the cornerstone signs 
for the diagnosis. However, infants with obstructive and mixed apnea may present some 
difficulties for the diagnosis. The PSG is the gold standard study for apnea diagnosis of any 
type because can identify objectively and measure central obstructive and mixed respiratory 
pauses than can be forgetting by visual observation. Thus, every infants with risk factors or 
suspicion for apnea must be send to PSG study. Clinical examination must underline in 
cardio-respiratory and neurological tests. Laboratory studies may include as follows: blood 
test and culture; lumbar puncture; glycemia and calcium measurements; oxygen and carbon 
dioxide levels determination; chest, abdominal and gastro-esophagic serial X-ray; 
echocardiogram; ultrasonography of the brain, and continuous O2 determination.15  

For treatment there are several useful interventions: pharmacological and no-
pharmacological. We will comment one by one as follows. Methylxanthines increase 
chemoreceptor sensitivity as well as respiratory drive and can also improve diaphragmatic 
function. Of the substances available, caffeine has a wider therapeutic range and fewer side 
effects than theophylline. There were concerns, however, that caffeine, being an adenosine 
antagonist, could reduce tolerance to hypoxia and might thus be harmful to infants with 
recurrent hypoxia.16  

Aminophylline will be given at loading dose of 6-8 mg/Kg and a maintenance dose of 1-3 
mg/Kg/dose three times daily to produce a desired plasmatic concentration of 5-12 µg/ml. 
Theophylline will be given at a loading dose of 7.5 mg/Kg and a maintenance dose of 3 
mg/Kg three times daily to produce plasmatic concentrations of 13-20 µg/ml. Caffeine 
could be administered at a loading dose of 25 mg/Kg caffeine citrate and at a maintenance 
dose of 6 mg/Kg to produce plasmatic concentrations of 13-20 µg/ml.17 

Six trials reported on the effect of methylxanthine in the treatment of apnea (three trials of 
theophylline and three trials of caffeine). Five trials that enrolled a total of 192 preterm infants 
with apnea evaluated short term outcomes; in these studies, methylxanthine therapy led to a 
reduction in apnea and use of mechanical ventilation in the first two to seven days. The post-
hoc analysis of the large Central Apnea of Premature Trial comparing caffeine to control in a 
subgroup of infants being treated for apnea reported significantly reduced rates of Persistence 
of Ductus Arterial ligation. Moreover, postmenstrual age at last oxygen treatment, last 
endotracheal tube use, last positive pressure ventilation; and reduced chronic lung disease at 
36 weeks were significantly associated. Methylxanthine was effective in reducing the number 
of apnea attacks and the use of mechanical ventilation in the two to seven days after starting 
treatment. Caffeine is also associated with better longer term outcomes.18  

Other substance used to treat apnea is Doxapram. Doxapram stimulates peripheral 
chemoreceptors at low, and the central at high doses. It shows a clear dose–response curve, 
with a 50% reduction in apnea rate occurring in 47, 65, 82 and 89% of infants at a dose of 0.5, 
1.5, 2.0 and 2.5 mg⁄ kg ⁄ h respectively. Most studies used a continuous intravenous infusion, 
although some suggest that the i.v. solution may also be given orally at twice the dose with 
good effect (enteral absorption is approximately 50%). Short-term side effects become quite 
common at doses above 1.5 mg⁄ kg ⁄ h and include irritability, myoclonus, elevated blood 
pressure and gastric alterations.19 

In the other hand, Continuous-positive airway pressure (C-PAP) has been shown to reduce 
extubation failure in preterm infants, despite the fact that most systems currently available 
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do not reduce work of breathing. C-PAP can be applied via a nasopharyngeal tube or (bi-) 
nasal prongs. Reintubation rates are 40% lower with the latter device, number needed to 
treat, which is why this should be the preferred mode when applying C-PAP. An extension 
to this is Nasal-Intermittent positive pressure ventilation (N-IPPV), which has a high 
effectiveness over C-PAP in preventing extubation failure. Typically, an inspiratory pressure 
of 15–20 cm H2O, applied at a rate of 10–20 ⁄ min., is combined with a C-PAP level of 5–6 cm 
H2O.20 

Other interventions has been studied such as prone head-elevated positioning, keeping 
environmental temperature at the lower end of the thermoneutral range, oscillating 
waterbed and tactile and olfactory stimulation, oxygen administration, increase inspiratory 
CO2 concentration, red blood cell transfusions, and branched-chain amino acid 
supplementation.16 However, these techniques are under study and deserve more 
investigation before be accepted. 
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