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ABSTRACT

Background: Post-natal growth failure (PNGF) remains a big challenge globally; despite many
remarkable advances in neonatal care, many studies show that there are many independent
variables contributing to poor post-natal growth.

Aims: The aim of the project was to provide an up-to-date overview of the prevalence of PNGF
for LBW neonates and all the factors contributing to PNGF for LBW neonates admitted at the
neonatology unit of a tertiary hospital in Kigali.

Methodology: A prospective cross sectional study was conducted and the data collected was
entered into Excel and was statistically analyzed using the Statistical Package for the Social
Sciences SPSS 21.0. Categorical variables (nominal) were described using frequency and
percentages and statistically analyzed using the Chi Square test. Multivariate logistic regression
analysis was carried out to determine which factors are independently associated with PNGF. For
continuous data, the mean and standard deviation were used, and a Student T-test and/or ANOVA
was also conducted depending on the number of groups. A P-value of < 0.05 was considered as
statistically significant.

Results: 122 neonates meeting inclusion criteria were enrolled in the study, females’ neonates
represented 57% of all participants, 63.1% among enrolled neonates were born AGA, 111 neonates
survived to discharge, 11 neonates died during study period, infants with PNGF at discharge were
72.1%, growth velocity was 14.9g/kg/day.

The study showed that there are many variables with non-significant association with PNGF,
Neonates who are small for gestation age at birth have significant risk to develop PNGF for weight
at discharge with adjusted odd ratio of 8.756 (ClI: 1.59 to 48.22), and p=0.013 .

Conclusion: Postnatal growth failure is common in low birth weight neonates especially those
who are small for gestational age at birth, and there is non- significant correlation with different
morbidities.



CHAPTER I. INTRODUCTION

1.1 GENERAL INTRODUCTION
It has been previously found that there are many factors contributing to the development of post-
natal growth failure (PNGF); low birth weight (LBW) is one of the reported factors (1).

PNGF remains a big problem globally, with a lot of research conducted in order to reduce its
incidence, but despite many advancements in the area of neonatology, globally , incidence of
neonates suffering from post- natal growth failure still persists, and this remains high in neonates
who are small for gestational age as well as the neonates with morbidities (1).

This is despite evidence that normal growth patterns can be established with robust implementation
of feeding guidelines, Johnson et al (2017) proved improvements in nutrient intake and weight
gain in their study evaluating the effects of new guideline implementation by measuring objective
changes in nutrition intake (2).

1.1.1 Definition
The Vermont Oxford Network defines PNGF as discharge weight that is lower than the 10%"
percentile for postmenstrual age (3,4).

PNGF is considered a marker of nutrition deficit for which many strategies have been developed
to provide adequate nutrition to neonates born with LBW. Poor post-natal nutrition, not using
evidence-based feeding strategies, remain an important contributing factor (5)

Fenton and Kim curves, which are post natal growth curves that have recently become available
(6), are used to assess the growth velocity of neonates during hospitalization till the day of hospital
discharge (7,8).

1.1.2 Which neonates at high risk of getting PNGF?

Many studies found that PNGF occurs most commonly in neonates of VLBW and ELBW. In 2001,
the National Institute of Child and Human Development (NICHD) Neonatal Research Network
found that 97% of all VLBW and 99% of all ELBW neonates included in the study experienced
PNGF by 36 weeks corrected gestational age (9).

Clark et al (2003) have reported the relationship between PNGF and both EGA and birth weight.
They found that as EGA and birth weight decreased, the incidence of EGR increased. Clark.
showed significant PNGF for weight (28%), length (34%), and head circumference (16%) in
preterm infants during hospitalization (10). Prematurity and associated critical illness were among
the factors which contributed a lot to the delay in starting minimal enteral feeds and this results in
nutritional deficits. Morbidities that affect premature infants, such as hyaline membrane disease,
prolonged respiratory support, neonatal sepsis, broncho-pulmonary dysplasia, anemia, intra-
ventricular hemorrhage, and exposure to post-natal steroids all contribute highly to poor postnatal
growth (11).



Nangia et al (2017), identified that optimal nutrition is the fundamental factor for reducing
mortality and long term morbidities like PNGF and poor neurodevelopmental outcomes in preterm
neonates with LBW (12) .

1.1.3 Target postnatal growth and calorific goal

Ayotollah and colleagues (2015) state that anthropometric measurements serve as significant
indices to predict infant health and future outcome. Weight, height and head circumference of
neonates are the most common parameters for measuring the physical growth of neonates (13).

Preterm as well as term neonates lose weight during their 1% week of life, and once they are back
at their birth weight, they should gain 15-20g/kg/day up until term when they gain 20-30g/day for
the initial term period (14,15).

The American academy of pediatrics (AAP) and the European society of gastroenterology,
hepatology , and nutrition (ESPGHAN) committees recommend an energy intake of 105-
130kcal/kg/day and 110-135 kcal/kg/day for preterm neonates respectively (16).

1.1.4 LBW neonates

LBW is defined by World Health Organization as the first weight recorded after birth that is less
than 2500q, regardless of gestational age. This birth weight is further categorized into very low
birth weight (VLBW < 15009) and extremely low birth weight (ELBW< 1000g) (17).

Globally, it is estimated that 15-20% of all births, or > 20 million newborns annually are LBW
neonates, 97% being born in developing countries (18). Badshab et al, found that neonates with
LBW have a >20 times greater risk of dying than neonates with a birth weight of >2500 g (17).

According to the WHO, there are marked global and regional variations in LBW rates. An
estimated 6% of infants are born LBW in East Asia and the Pacific, 13% in Sub-Saharan Africa,
and 28% in South Asia (17).

1.2 PROBLEM STATEMENT

PNGF remains a significant challenge globally despite many remarkable advances in neonatal
care. Many studies show that there are many independent variables contributing to poor post-natal
growth, but there is limited data for the Sub-Saharan region, and specifically in our region. In
Rwanda. no single study has been conducted to demonstrate how we stand in terms of post neonatal
growth velocity, frequency of PNGF. Even though the main variables that contribute to PNGF are
known, it’s still obscure which ones contribute more to PNGF in our setting; such knowledge
would allow us to prevent its incidence.

This prospective cross-sectional study was conducted to clarify this in our setting, as the
information gained from the study will help health professionals to prevent PNGF.



1.3 AIMS AND OBJECTIVES

1.3.1 Research aims

The aim of the project is to provide a current overview on the prevalence of PNGF for LBW
neonates as well as of all the factors contributing to PNGF; this was based on evaluation of LBW
neonates admitted at the neonatology unit of a tertiary hospital in Kigali.

1.3.2 Research objectives
The specific objectives of this research project were to:

Assess the prevalence and risk factors for PNGF in LBW neonates,
Assess the post-natal growth velocity in LBW,
Evaluate the feeding variables contributing to PNGF in LBW neonates.



CHAPTER II. 1. LITERATURE REVIEW

2.1.1 Neonates affected by PNGF

Many studies identify that the neonates that are most affected are those in developing countries,
especially those born prematurely with LBW and who are small for gestational age (7). There is
limited data regarding postnatal growth of LBW infants in sub-Saharan Africa. Several
observational studies have confirmed the strong influence of nutritional practices on growth (19).

Ruth and colleagues found in their study that most affected neonates have a birth weight that is
average for gestational age, but by the time of hospital discharge, their weight is lower than the
10th percentile for corrected gestational age (20).

Radmacher and associates found in their study that hospitalized neonates with extremely LBW
and those who were born before 29 weeks had birth weights that were average for gestational age
but at the time of hospital discharge from the NICU, 59% had PNGF. PNGF is more common in
infants <2500g and it is for this reason that this study will focus on this cohort of neonates (20).

According to the Vermont Oxford network in 2015, in study done on 362 833 infants weighing
501 to 1500 g without major birth defects born from 2000 to 2013 and who were hospitalized for
15 to 175 days at 736 North American hospitals in the Vermont Oxford Network, it was found that
the incidence of PNGF was decreasing from 64.5%to 50.3% and severe PNGF was 27.5% (4).

2.1.2 Risk factors associated with PNGF
Studies show that in order to decrease the incidence of PNGF, the first consideration has to be
identification of all contributing factors (19).

Embleton and colleagues, in their cross-sectional studies of PNGF, found that poor growth was
associated with feeding problems, and respiratory problems, as well as other clinical findings and
demographic factors (21).

Ehrenkranz et al found other independent contributing factors such as IUGR, the male gender, a
need for assisted ventilation on the 1% day of life and prolonged need for respiratory support, length
of hospital stay, and the development of neonatal morbidities such as BPD, NEC and late onset
sepsis (22).

2.1.3 Consequences of PNGF

2.1.3.1 Short term consequences
Length of stay: Marinkovi et al. found that poor postnatal weight gain in LBW neonates is
associated with a prolonged hospital stay, increased cost of care and an increased risk
of nosocomial infection (23).

Infection rates: it has been found in study done by S. Lee et al. that the group of infants with
PNGF, compared to the non-PNGF group, the PNGF group had a higher incidence of



sepsis and NEC during the admission period (3), many studies demonstrated that
infection is one of the comorbidities contributing to the PNGF with (3,24).

Survival from the neonatal unit:

The increased survival rate of very LBW neonates (VLBW,; <1500 g) in recent decades has
focused attention on the importance of growth and nutrition to improve health and
developmental outcomes (25). It has been found in study done by Lima et al, that
increased hospital stay by adding one day of hospitalization increased the chance of
growth restriction at discharge by 3%, and being SGA at birth increased the risk by 2.1
times (10).

2.1.3.2 Neurodevelopmental consequences
PNGF remains a big problem worldwide despite advancement in the area of neonatology. Studies
have found an association between PNGF, developmental outcome, and long-term morbidity.

Clark et al. 2003 found that postnatal growth lag is associated with neurological and sensory
handicaps and poor school performance (26).

In two longitudinal studies done by Ruth and colleagues comparing 242 VLBW infants to 233
normal birth weight infants at 20 years of age, VLBW infants scored significantly lower on
measures of academic achievement, and fewer graduated from high school (20).

PNGF in preterm neonates, secondary to suboptimal nutrition, is a major problem in neonatal
intensive care units. Evidence is emerging that early growth deficits have long-term adverse
effects, including short stature and poor neurodevelopmental outcomes.

2.1.4 Prevention of PNGF

Nevertheless, in study done by Yu et al. early initiation of enteral feeding in a sub-nutritional
trophic quantity is vital for promoting gut motility and bile secretion, inducing lactase activity, and
reducing sepsis and cholestasis jaundice (27).

Trophic feeds: B. Su et al(2014) found that trophic feeds reduce the cumulative caloric and protein
deficits in acute stage to minimal degree and this contribute to the prevention of PNGF and
associated abnormal cognitive and neurodevelopmental outcomes (5)

Advancement of feeds: many studies showed that in clinically stable VLBW infants, early
introduction of progressive feeds and advancement of feeds at a faster rate (30—35 mL/kg/d) is safe
and does not increase the incidence of NEC (28).

Fortifying feeds: V.Gupta et al (2019), found in their prospective, randomized controlled trial in
the neonatal unit of a tertiary care hospital in South India that fortification with infant milk powder
achieves better growth parameters than unfortified human milk and can be a useful alternative for
feeding preterm VLBW infants in low resource settings (25,).



CHAPTER Ill. METHODOLOGY

1.2 STUDY DESIGN
Prospective cross-sectional study

1.3 SETTINGS

The study was done at CHUK, Kigali University teaching hospital, Neonatology Unit. CHUK is
the main public hospital, located in the Centre of Kigali - the capital city of Rwanda with a
population of 1.2 million and it serves as a tertiary hospital. The hospital conducts approximately
2000 deliveries annually, the neonatology unit holds 20-30 babies each day, their care is assured
by 3-5 nurses and 3-5 residents supervised by 2 pediatricians.

After approval from the IRB, recruitment of data was initiated until the required sample size was
achieved. Data collection required six months. The data was prospectively collected, by the
principal investigator (PI) from patient case-files and ranged from admission up to the point of
discharge or death - whichever came first. No post-discharge outcomes/variables were assessed.

1.4 PARTICIPANTS

All neonates with birth weight of <2500 grams that were admitted to the neonatology unit within
24 hours of birth were included. Neonates with congenital anomalies (e.g. gastroschisis) ,neonates
who were transferred during hospitalization and those who had not completed their inpatient stay
(i.e still inpatients) were excluded from the study.

Recruitment and enrolment: a convenience sampling methodology was used to select the
participants.

1.5 OUTCOMES
The following definitions for variables were employed,

Post-natal growth failure (PNGF): Was defined as weight at discharge which is less than
the 10™ percentile.

Time to regain birth weight: The day when the neonate’s attained weight equaled or
surpassed the initial birth weight, or defined as the day birth weight was regained and
sustained (or exceeded) for 2 consecutive days.

The length of stay: defined as the number of days from the date of admission to the date
of discharge or death.

How were outcomes defined? SGA neonates were defined as those with birth weight less than
10th percentile by sex using the Fenton growth chart. The length of stay was defined as the number
of days from the date of admission to the date of discharge or death.



Growth rate (g/kg/day) was defined as the weight gained or lost from the date of
admission to the date of discharge or death divided by the length of stay and the birth
weight of the neonate.

Time to reach full feeds: Defined as the number of days required for the infant to receive
all nutritional intake (enteral). Full enteral feeds will be defined as total enteral feeds of
150 ml/kg/day, which gives a total calorie of 100 kcal/ kg/day, estimated from breast milk
intake, which gives 67 kcal/100 ml (14).

Mortality rate: the number of deaths per thousand population per year: in effect the
incidence of death in a population.

Exploratory Variables

SGA: Defined as weight at birth which is less than 10" percentile by sex, using the
Alexander reference population US national reference (30).

Gestational age: Was assessed by the last menstrual period and first trimester ultra-
sonogram. If the information on obstetric echography and last menstrual periods are
unknown, the gestational age was calculated by the method of clinical examination via the
new Ballard score.

Birth weight: Neonates were classified as LBW (1500-2500g), Very Low-birth Weight
(VLBW 1000-1500g) and Extremely LBW (<1000g).

Type of feed: was defined as the predominant feed received in the first 4 weeks.

Feeding intolerance: Feeding intolerance is defined by difficulty in ingestion or
digestion of the milk that causes a disruption in the enteral feeding plan due to the
manifestation of clinical symptoms. These symptoms include increased gastric residuals
(>50%) of the previous feeding, emesis, abdominal distention, visible bowel loops, and
change in the character of stool (31).

Chronic lung disease: CLD is defined as a need for increased oxygen: Infants < 32
weeks gestation: oxygen requirement at 36 weeks gestational age (GA) or at discharge
(whichever comes first).Infants > 32 weeks GA: oxygen requirement at age > 28 d or at
discharge (whichever comes first).

Demographics: Name; gender; social class

Co-morbidities: e.g. RDS, sepsi



1.6 DATA COLLECTION TOOLS

A questionnaire was designed specifically for this study (Appendix 1), including prenatal, natal,
and post-natal conditions, infant sex and gestational age, birth weight, feeding methods, date of
birth, time of initiation of enteral feeding, time to reach full enteral feeds, comorbidities related to
prematurity, time to regain birth weight, duration of hospital stay, and the mother’s medical
illnesses during pregnancy were recorded.

After approval from the academic team, three cases were collected to pilot the questionnaire. These
data sets were not used in the final analysis and were destroyed. This was to ensure feasibility of
the questionnaire and to build the excel spreadsheet.

The questionnaire was verified using the Core Outcome Set created by Imperial College in London
to ensure relevant outcomes (32).

1.7 LIMITATION AND BIAS
Data was collected from patient files which were not always complete. There is a risk of
confounding (e.g. gestation) which was addressed in the statistical analysis.

1.8 SAMPLE SIZE CALCULATION
Sample size required for determining the frequency of a factor in a population was determined
using the Kelsey formula (http://www.openepi.com/SampleSize/SSPropor.htm):

Npq
d? —
1962 (N-1)+pq

n = deff X

Where:
deff = design effect = 1.0

N = population size = CHUK receives approximately 50 cases per month; a four month
population is therefore 200

p =the estimated proportion = The recent study of a large multicenter by Vermont Oxford
Network reported that the prevalence of PNGF was 27.5% (24).

q=1p
p = desired absolute precision or absolute level of precision = 95% confidence
interval

n = sample size = 122

Therefore 122 cases were recruited for this study, with cases being recruited from the point
of ethics clearance until the sample size was achieved.


http://www.openepi.com/SampleSize/SSPropor.htm
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1.9 STATISTICAL METHODS
All collected data was entered into Excel and was statistically analyzed using Statistical Package
for the Social Sciences SPSS 24.0.

Excel was used to determine which neonates were SGA and PNGF by Fenton growth reference
(8), weight velocities (g/kg/day), weight at birth and at discharge (8).

Categorical variables (nominal) were described using frequency and percentage and statistically
analyzed using the Chi-Squared (X) test (Fischer exact if less than 5 cases).

Factors with p value < 0.2, were included in multivariate logistic regression analysis, with
descriptions of adjusted odds ratios (AOR), were carried out to determine which factors are
independently associated with PNGF.

For continuous data, the mean and standard deviation (or median if non-normally distributed)
were used, and the Student T-test and/or ANOVA was also calculated depending on the number
of groups. A p-value of < 0.05 was considered as statistically significant.

1.10 ETHICAL STUDY/OVERSIGHT
Funding & Sponsors: No funding has been sought for this project.

Potential conflict of interest: No conflict of interest

Confidentiality: The information collected was protected with a password and the names were
not on the questionnaire. A unique patient identifier was used to protect the data. Identifiers
were kept in a separate password protected spreadsheet.

Informed Consent: As no contact was made with the patients and/or caregivers, with no
experimentation on subjects and only review of cases files, consent was not necessary.
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CHAPTER IV: RESULTS

4.1 Demographics:

A total of 348 neonates were admitted to the neonatal unit. Of these, we enrolled 122 neonates
that met our inclusion criteria (Figure 1). The sample population consisted of 57% females,
and the participants were categorized as either LBW (62%), VLBW (27%) or ELBW (11%).
Of these, 63% were AGA at birth upon admission, 9% neonates died during the study period,
and the PNGF among the survived neonates was 80 (72.1%).

Figure 1: Consort diagram
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4.2 Characteristics of LBW neonates and their mothers:

The majority of neonates in the study were AGA (77 neonates; 63.1%) and female neonates
represented 57% of our sample. 78% of the neonates were born between 32-37 weeks GA, and
111 survived up till discharge. What is most notable is that 82% of our participants were from
a moderate social economic status group (Table 1).

Table 1: Characteristics of LBW neonates and their mothers

Variables

Gender

Female

Male

Gestational groups

Term (>37 weeks)

32-37 weeks

28-32 weeks

<28 weeks

Categories by birth weight
AGA

Maternal age

Old (>25years)

Social status

Low (Ubudehe category 1 and 2)
Moderate ( ubudehe category 3)

Problem during pregnancy:
GD

HBP

Maternal infection
Maternal HIV positive

Mortality
Dead

Alive
Exposure to Antenatal steroids

N (%)

69 (56.6)
53 (43.4)

7 (5.7%)
78 (63.9)
29 (23.8)
8 (6.6%)

77 (63.1%)
98 (80.3%)
20 (18.3 %)
91 (82 %)

3 (2.5%)

43 (35.2 %)
20 (16.4%)
2 (1.6 %)
11(9%)

111(91%)
80 (65.6%)

4. 3 Anthropometric demographic characteristics at birth and at discharge

The mean birth weight was 1611 + 422 g, whilst mean gestational age was 32.7 + 3.1 weeks at

admission. The mean weight at discharge was 1793.5 + 341.5 g, at an average gestational age

of 35 £ 2.9 weeks, the mean z-score for weight decreased during the hospitalization period

(-1.1 to -1.9) (table 2) which mean that our babies had mild postnatal growth failure.




Table 2: Anthropometric demographic characteristics at birth and at discharge

Length (cm)

Gestational

age(weeks)

Min=540,Max=2490

Min=23, Max=36
40.7 (SD + 3.6)
Min= 29, Max= 48
32.7 (SD+ 3.1)

Min= 24, Max=40

Birth Discharge
Variables | Mean +SD Mean + SD
Weight (g) | 1611 (SD +422) 1793.5 (SD+341.5)

Min=540,Max=2660

Weight Z score -1.1 (SD+ 1.003) -1.9(SD+1.16)
Min=-4.2, Max= 1.0 Min=-5.9,Max=1.0
HC (cm) | 30.2 (SD +2.5) 32.1(SD +1.6)

Min=27, Max=36
42.7 (SD £ 2.3)
Min= 32, Max= 48
35 (SD + 2.9)

Min= 24,Max=45

GA, gestational age; HC, head circumference; SD, standard deviation.

4.4 Growth and other characteristics of LBW neonates
The mean growth velocity for neonates was 14.9 g/kg/day, which is comparable to the

15g/kg/day found in various studies and recommended by the American Academy of
Pediatrics. Median APGAR at 5 minutes was 7 (range 3 to10), the mean volume of feed when
IV fluids were discontinued was 122.6 ml/kg/day and the mean number of days it took to
achieve maximum feed was 15 days, the mean hospital stay was 20.62 days (Table 3).



Table 3: Growth and other characteristics of LBW neonates

Variable
APGAR score at 5 min
Median (range)

Days maximum feeds achieved

Number of days for weight gain

Duration of hospital stays in days

Growth velocity

Number of fully days(after birth) receiving any IVF

Number of fully days (after birth) receiving Full 1VF

Volume of feeds when 1V fluids discontinued (ml/kg/day)

Mean (SD)

7.4 (SD+ 1.4)

Min = 3, Max = 10
4.34 (SD+3.289)

Min =0, Max =16
1.39 (SD+0.991)

Min =0, Max =7
122.6 (SD+17.04)
Min = 80, Max = 168
15.26 (+13.80)

Min = 3, Max = 66
16.66 (+14.01)

Min =0, Max = 61
20.62 (SD+16.25)
Min =1.0, Max = 71
14.93 (SD+8.41)

Min = 0.00, Max = 40.3

4.5 Comparative data of an outcome

Sixty-two percent of participants were born with LBW (1500-2500g); ELBW and VLBW
neonates took more days to reach maximum feeds with means of 27.97 (SD+14.65) vs 8.31

(SD+6.41) for LBW (Table 4).

Table 4: Comparative data of an outcome

Variables ELBW and VLBW (n=46, 38%) | LBW (n=76, 62%)

Feed volume Day 1 4.49 (SD+9.06) 18.3 (SD£25.33)

(ml/kg/day)
Day 2 16.95 (SD+21.7) 56.66 (SD+39.73)
Day 3 41.10 (SD+35.42) 92.78 (SD+41.49)
Day 4 67.47 (SD+41.41) 124.05 (SD+43.77)
Day 5 87.61 (SD+48.77) 137.01 (SD+41.95)
Day 6 112.16 (SD+50.66) 152.42 (SD+53.27)
Day 7 129.85 (SD+57.09) 166 (SD+20.71)

Day max feed achieved

27.97 (SD%14.65)

8.31 (SD%6.41)

Day of life fortification started

16.31 (SD%12.62)

11.33 (SD3.08)

Weight change (g/kg/day)

23.65 (SD+42.17)

15.17(SD+20.74)

Lowest weight on day

7.19 (SD8.27)

5.88 (SD£5.04)

ELBW = extremely low birth weight (<1000g); VLBW = very low birth weight (1000-1500g); LBW = low birth weight

(1500-2500g)
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4.6 Maternal factors associated with SGA at birth

The table below showed that there were no factors that were significantly associated with SGA
at birth - this may be due to the fact that the sample size was low as there was a significant
association in other studies where the sample size was bigger than that presented in this study,
and some of maternal risks factors were not recorded. The negative association noted was
confounding. Notably maternal hypertension and the female sex were negatively associated
with SGA at birth with odd ratios of 0.721 and p=value =0.401, and 0.80 and p-value =0.558,
respectively (Table 6).

Table 5: Maternal factors for SGA at birth

Prevalence Unadjusted Odds ratio for AAdjusted Odds Ratio (AOR)*
SGA (df=1) (df=1)
Sex Male 18/53 (33.9%)
Female 27/69 (39.1 %) OR: 0.80 NA
(CI: 0.38 t0 1.69)
p=0.5584
Gravidity Primparous 10/40 (25 %)
Multiparous 35/82 (42.7 %) OR: 2.234 AOR: 2.36
(CI: 0.96 t0 5.17) (CI: 0.94t05.92)
p=0.0574 p=0.066
Maternal age <25 years 6/24 (25 %)
>25 years 39/98 OR: 1.983 AOR: 1.482
(39.8 %) (CI: 0.723 to 5.44) (CI: 0.50 to 4.40)
p=0.178* p=0.4794
Birth weight ELBW and VLBW 13/46 (28.2 %)
i LBW 32/76 (42.1 %) OR: 1.846 AOR: 2.22
(CI: 0.84 10 4.055 ) (CI: 0.98 t0 5.04)
p=0.125* p=0.0574
Economic status Low (1&2) 8/22 (36.3 %)
(Ubehehe group)
High (3) 37/100 (37 %) OR: 1.028 NA
(CI: 0.394 to 2.681)
p=0.955*
Gestational Yes 1/3 (33.3 %)
diabetes
No 44/119 (36.9 %) OR:1.173 NA
(CI: 010 t0 13.32)
p=0.694"
Maternal Yes 18/43 (41.8 %)
Hypertension
No 27/79 (34.1 %) OR: 0.721 NA
(CI: 0.336 to 1.55)
p=0.4014

4.7 Variables associated with PNGF in surviving neonates
Neonates who are small for gestation age at birth have a significant risk to develop PNGF at

discharge for weights with adjusted odd ratio of 8.756 (Cl: 1.59 to 48.22), and p=0.013.
However, RDS, CLD, and early neonatal clinical sepsis have non-significant risks for PNGF
at discharge (Table 6).



Table 6: Variables associated with PNGF in surviving neonates
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SGA

Sex

Gravidity

Maternal age

Birth weight group

Economic status
(Ubedehe group)

Length of hospital
stay

RDS

CLD

Early neonatal
sepsis, clinical

Anemia requiring
Transfusion

Nosocomial infection

NEC

Yes
No

Male
Female

Primiparous
Multiparous

<25 years
>25 years

ELBW and VLBW
LBW

Low (1&2)
Moderate (3)

>7 days
<7 days

Yes
No

Yes
No

Yes
No

Yes

No
Yes
No

Yes
No

Percentage of PNGF
(%)

37/39 (94.9%)
43/72 (59.7%)

33/45 (73.3 %)
47/66 (71.2 %)

26/38 (68.4 %)
54/73 (73.9 %)

16/23 (50 %)
64/88 (72.7 %)

24/37 (64.8 %)
56/74 (75.6 %)

14/20 (60 %)
66/91 (72.5 %)

66/92 (71.7 %)
14/19 (73.6 %)

44170 (62.8 %)
36/41 (87.8 %)

5/10 (50 %)
75/101 (74.2 %)

53/79 (67.1 %)
27132 (84.3 %)

7/12 (58.3 %)
73/98 (74.5 %)

17/20 (85 %)
63/91 (69.2 %)

314 (75 %)
771107 (71.9%)

Unadjusted Odds
ratio for PNGF
(df=1)

OR: 12.477
(Cl: 2.787 to 55.85)
p<0.001%

OR:1.112
(CI: 0.476 to 2.598)
p=0.8074

OR:1.312
(CI: 0.555 to 3.103
p=0.536"

OR: 1.167
(CI: 0.427 to 3.186)
p=0.763*

OR: 1.685
(CI: 0.714 to 3.978)
p=0.2314

OR:1.131
(CI: 0.39 t0 3.27)
p= 0.820%

OR: 1.103
(CI: 0.361 t0 3.372)
p=0.863"

OR: 4.255
(Cl: 1.483 to 12.202)
p=0.005 4

OR: 2.885
(Cl: 0.773 to 10.770)
p=0.103 4

OR: 2.649
(CI: 0.915 to 7.672)
p=0.066

OR: 2.086
Cl: 0.607 to 7.166
p= 0.236%

OR: 0.397
(CI: 0.108 to 1.465)
p=0.123F

OR: 0.856
(CI: 0.086 t08.552)
p=1.000%

AAdjusted Odds
Ratio (AOR)*
(df=1)

AOR: 8.756
(Cl: 1.59 to 48.22)
p=0.013

AOR: 1.433
(Cl: 0.37 t0 5.52)
p=0.601

AOR: 3.62
(CI: 0.59 to 22.35)
p=0.165

AOR: 2.23
(C1: 0.66 to 7.54)
p=0.197

AOR: 0.198
(CI: 0.036 to 1.104)
p=0.065

Apearson Chi-squared; F Fischer, Cl = 95% confidence interval; df = degree of freedom; Multivariate analysis was used for variables with p value < 0.2
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4.8 Therapeutic variables associated with PNGF
In univariate analysis, the table below showed that use of respiratory support, KMC use, trophic
feeds, colostrum and feeding intolerance have a non-significant statistical correlation with
PNGF and only the use of respiratory support was analyzed in multivariate analysis and
remained not-significant with odds ratio = 1.022, p-value = 0.092.( Table7)

Table 7: Therapeutic variables associated with PNGF

Variables

Use of respiratory
support (CPAP)

KMC used

Trophic feeds in 15t 24
hours

Time of initiation of
feeding

Antenatal steroids

Colostrum given

Feeding intolerance

Fortification

Supplements

Yes
No

Yes
No

Yes
No

>48hours

< 48hours

Yes
No

Yes
No

Yes
No

No
Yes

Yes
No

Percentage of PNGF  Unadjusted Odds

(%0)
40/61 (65.5 %)
40/50 (80 %)

65/88 (73.8 %)
15/23 (65.2 %)

54/73 (73.9 %)
25/36 (69.4 %)

13/20 (65 %)
66/90 (73.3 %)

54/74 (72.9 %)
19/26 (73.1 %)

11/13 (84.6 %)
66/95 (69.5 %)

8/13 (61.5%)
70/96 (72.9%)

52/68 (76.5 %)
27141 (65.8 %)

14/20 (70 %)
65/89 (73 %)

ratio for PNGF
(df=1)

OR: 2.10
(CI: 0.879 to 5.02)
p= 0.092%

OR: 1.507
(CI: 0.565 to 4.02)
p=0.4114

OR: 1.25
(Cl: 0.518 to 3.02)
p=0.6194

OR:1.48
(Cl: 0,528 to 4.15)
p=0.454%

OR: 0.995
(Cl: 0.363 to 2.723)
p=0.9924

OR: 2.417
(CI: 0.503 to 11.60)
p=0.258%

OR: 1.683
(CI: 0.504 t05.61)
p=0.393%

OR: 0.593
Cl: 0.252t0 1.395
p= 0.2304

OR: 1.161
(CI: 0.4 to 3.3366)
p=0.784%

AAdjusted Odds
Ratio (AOR)*
(df=1)

AOR: 1.022
(CI: 0.34 to 3.09)
p=0.969

Apearson Chi-squared; Cl = 95% confidence interval; df = degrees of freedom; 1 variable was analyzed in multivariate analysis
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CHAPTER V: DISCUSSION

The aim of this study was to provide a current overview on the prevalence of PNGF for LBW
neonates as well as all the factors contributing to PNGF; this was based on evaluation of LBW
neonates admitted at the neonatology unit of a tertiary hospital in Kigali. 122 babies were included
in the study and only 111 were followed up to discharge.

The majority of them female (57%), 63% of them were AGA at birth, among the SGA 94.9%
(37/39) demonstrated postnatal growth failure. The mean postnatal growth velocity was 14.9
g/kg/day which almost similar to the 15 g/kg/day recommended by the American Academy of
Pediatrics, but also the Z- score for weight both at admission and discharge were -1.1 and -1.9
respectively, this means that our babies have mild growth failure.

5.1 Demographic characteristics of participants

In our study we found that 57% (69/122) of neonates were female and 63.1% of them were AGA,
our findings were different from the study done by Mudahemuka et al. which reported 73% (33)
as AGA, and the study done by Lima et al AGA were 67% (1). The majority of mothers (82%)
were from moderate socioeconomics ( ubudehe categoty 3). Comparing ubudehe category and
babies who are born appropriate for gestational age doesn’t explain why many of our babies (37%)
are born small for gestational age, further research is recommended to find out the cause. Of this
problem.

5.2 Prevalence of postnatal growth failure

This study revealed that among the neonates that survived to discharge (n=111) those with PNGF
were 80 (72.1 %). Our findings were much higher than the studies done by Fenton et al (34) and
Mudahemuka et al (33) that reported 65% and 56.4% respectively.

Kavurt et al showed in their study done in 2018 that, among 144 neonates that fulfilled the
inclusion criteria, PNGF for weight was detected in 46 babies (37%) (24). Lima et al found that
PNGF for weight was observed in 26% (149/570) neonates at discharge (10).

In 2015, according to the study done at 736 North American hospitals in the Vermont Oxford
Network (VON), on 362,833 infants weighing 501 to 1500 g without major birth defects born from
2000 to 2013 and who were hospitalized for 15 to 175 days, PNGF and severe PNGF (defined as
discharge weights less than the 10th and third percentiles for postmenstrual age, respectively)
decreased from 64.5% to 50.3%, and from 39.8% to 27.5% respectively.
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The observed potential reasons why most of our babies had high postnatal growth failure compared
to other studies were due to the different methodologies used to define and calculate PNGF, sample
size, the different characteristics of participants, advances in neonatal care, different nutritional
practices as well as the use of TPN which was not used in our study settings.

5.3 Variables associates with PNGF

Many studies done previously in different regions showed that there are many variables associated
with PNGF. Our study, showed that RDS, CLD, early onset clinical sepsis, use of trophic feeds in
first 24 hours, colostrum, and time of initiation of feeds, feeding intolerance, supplements,
nosocomial infection, anemia requiring transfusion, KMC use and respiratory support use all have
non-significant association with PNGF. Notably, being small for gestation age at birth was
positively associated with PNGF; among neonates who were SGA at birth, 37/39 (94.9%)
developed PNGF at discharge, with unadjusted odds ratio of 12.477 and p=0.001 and 8.756 with
p=0.013 for adjusted odds ratio.

There is a small difference between our study and the study done by De Freitas et al in 2016, where
85% of infants who were SGA developed PNGF at discharge (7). This also was comparable to
the study done by K.Marks et al in 2006 which showed that IUGR was a major predictive marker
of PNGF as in their study all neonates who were SGA ( < 10 percentile) at birth developed PNGF
at discharge (35).

Any observed difference reported in prevalence among the studies was due to the different growth
charts used, different demographic characteristics of the participants and sample size as well as
nutritional practices, such as use of parental nutritional in some settings and methods used to

fortify expressed breast milk.

5.4 Postnatal growth velocity

During our study, the mean growth velocity was 14.9g/kg/day. This was comparable to the
currently recommended growth velocity of 15g/kg/day by the American Academy of Pediatrics
and was higher than that reported by Mudahemuka et al (2014) of 13.2 g/kg/day (33). Lango et al
in 2018 reported a mean GV of 14.0 g/kg/day (14). In general we expected to have much lower
postnatal growth velocity which was not the case with the findings we got, we think the major

reasons why we got higher postnatal growth velocity were due to different methods used to
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calculate the growth velocity for low birth weight neonates, technical errors in weighing babies,
and lack of standardization methods in calculation of growth velocity might have contributed to

the difference observed.

5.5 Feeding variables contributing to PNGF

The current study showed that many feeding variables have a non-significant correlation with
PNGF such as giving trophic feed for the 1 24 hours, time of initiation of feeds, colostrum, feeding
intolerance. Even expressed breast milk fortification didn’t show any improvement in weight
gain. However, the study done by Kuschel et al in 2009 demonstrated that there’s a statistically
significant impact of fortification on postnatal growth parameters in neonates with prolonged
hospital stays (37), the reason was that the methods used in our unit to fortify is completely
different from other methods used to fortify expressed breast milk, also use of TPN in those other

units might have contributed a lot.

Many studies showed that trophic feeding to promote intestinal maturation reduced time for
initiation of feeds, enhanced feeding tolerance and decreased the time to reach full feeding

independently of parenteral feeds and length of hospital stays (5,27).

5.5 Study limitation/strengths
Limitation: There’s no previous research done in our country on postnatal growth failure so that

our results can be compared to a similar population. This study was done in only one hospital in

Rwanda, so it can’t be generalized to the whole country.

Strength: The study is the 1% one done in Rwanda.

CHAPTER VI: CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Our study found that there is high prevalence 72% of postnatal growth failure among the low birth
weight neonates survived up discharge and the study showed that postnatal growth failure is
common in low birth weight neonates especially those who are small for gestational age at birth,
and there is non- significant correlation with many other morbidities, so new neonatal feeding
strategies and care are highly needed for better growth of low birth weight neonates, as poor

postnatal growth is associated with poor neurological outcomes.
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6.2 Recommendations
To the Ministry of health
Further research are needed in other hospitals to get representative sample.
To conduct further research on the long-term outcomes of those neonates with postnatal
growth failure.
Introduction of total parenteral nutrition in our setting.
Emphasize on improving antenatal care for all pregnant women.
Emphasize on the use of appropriate methods of fortification.
To the hospital
Close follow up of those neonates who are discharged with poor postnatal growth
Implementation of new standardize feeding protocols.

Regular training of medical staff on the new updated standardized guidelines.
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APPENDICES

Appendix : Questionnaire

Data collector (initials):

Hospital site: CHUK O Infant DOB: Sex:M -3 O F-2 OO.DNA-0 O Unique Patient Identifier:

Maternal Date of birth

Maternal Medical insurance Yes-3[0No-2NA-1CDNA-00O

Maternal Social status (Ubudehe) Category 1 [ Category 2 O Category 3 CCategory 4 1 DNA (99) O

Gravida / Parity/ Abortion Gr____ Par_____ Ab_

Due date LMP DNA O (Excel will calculate EDD). EDD: DNA O

Problems during

Preghancy

GD - Gestational diabetes No—3[JYes-2[1 NA-1DNA -0
HBP - High blood pressure No—3 [ Yes-2[ NA—-1DNA -00
MI - InfectionNo—-3 [ Yes-2[] NA—-1DNA -0

0 -Other No—3[0Yes-2[ NA—1CIDNA -0
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Maternal HIV status

Positive -1 [J Not tested -2 [0  Negative—3 DNA-0 O
In PMTCT programme: Yes-3 [0 No-2 OONA-1[CDNA-00O

Serology

[Torch screen performed Yes-2 [(JNo-1[0DNA-0[]

Hepatitis B (HB) Negative — 3 [ Positive -2 (0 NA—1CI DNA -00O
IToxoplasma (T) Negative —3 [ Positive -2 1 NA-1[IDNA -0
Rubella (R) Negative —3 [ Positive-2 0 NA—-1 DNA -00O
Other: Negative —3 [ Positive-2 [0 NA-1[IDNA -00O

Onset of labour

Date: Time: DNA O

\Was thick meconium present?

No—-3[Yes-20 NA-1ODNA -00

Antenatal steroids

Yes -3 00No-2 O NA-10ODNA -0 How manydoses? 1 120030400 NA OO DNA O

Maternal fever (temp > 38°C) No—-3Yes-20 Foul smelling amniotic fluid No —3 [ Yes-2 [
NA—-1[CIDNA -00O NA—-1[CIDNA -00O
PROM =18 hours No—-3Yes-20O Chorioamnionitis No—-3[Yes-20
NA—1[1DNA -0 NA—1[1DNA -0
Maternal UTI No—3 [ Yes -2 [ Meconium staining No—-30OYes-20
NA—1[1DNA -0 NA—1[1DNA -0
Prematurity (<37 weeks) No—3Yes-201 Other No—-3OYes-20
NA—-1CIDNA -00O NA—-1[CIDNA -00O
Any antibiotics? No—-3[VYes-20 OTHER........ DESCRIBE
NA—-1CIDNA -00O

Place of birth

Home (H) O on-route to hospital (OR)J  HCO Clinic (C)d DHO Tertiary hospital (TH) I DNA
CIDNA (99) O

APGAR

/1 min DNA(99) 0. /5 min DNA(99) 0. /10 min DNA (99) O

Resuscitation required?

No—-3[OVYes-2O NA—-1[CODNA -00O
BMV No—-3[Yes-20 NA-10ODNA -00
Chest compressions (CC) No-3[JYes-2[] NA—1LCIDNA -0[]

Gestation at birth

....... Weeks ....... Days DNA O

Based on : USS [J Lmp O Ballard score (BS) 1 DNA [

Growth chart in the medical records

Yes-3ONo-2ONA-10DNA-00O

\Was growth chart plotted with birth parameters Weight Yes-3[ONo-2OCDNA-00O

HC Yes-3[ONo-2CONA-1CDNA-00
Length Yes-3[ONo-2CNA-1[CDNA-00O

\Was growth chart plotted with future parameters Weight Yes-3[No-2OCDNA-00O

HC Yes-3[ONo-2ONA-1CDNA-00
Length Yes-3[ONo-2CNA-1CDNA-00

Co-morbidities

Respiratory distress syndrome (RDS)

No-3[Yes-2[ NA—-1ODNA -00

Use of respiratory support (CPAP)

No-3[Yes-2[ NA—-10ODNA -00

Chronic lung disease CLD

No-3[0Yes-2[ NA-10ODNA -00

patent ductus arteriosus (PDA),

No-3[Yes-2 NA-1[CIDNA -0

Anemia requiring transfusion (packed cells) No-30OVYes-20O NA-10ODNA -00
Jaundice requiring phototherapy No-3[Yes-2 NA-1[CDNA -0
Early Onset Sepsis (<72 hours) — Culture or CRP positive No-30OYes-2 NA-1DNA -00O
Early Onset Sepsis (<72 hours) - Clinical sepsis No-30OVYes-20O NA-10ODNA -00O
Number of FULL days antibiotics given after birth days DNA (99) [0 NA (99) O

Late Onset Sepsis (>72 hours) — Culture or CRP positive No-30OVYes-2 NA-1ODNA -00

Late Onset Sepsis (>72 hours) - Clinical sepsis No-30OVYes-20O NA-10ODNA -00O
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Necrotizing enterocolitis (NEC)

No—-30OYes-20O NA-10ODNA -00

Nosocomial infection

No-3[0OYes-2[ NA-10ODNA -00
OTHERS ? DESCRIBE:

Variables associated to feeding practices

Colostrum given

Yes-3ONo-2ONA-10DNA-00O

Trophic feeds in first 24 hours

Yes-3[00No-2[O0NA-10DNA-00

Time of initiation of feeds <48 hours >48 hours 1 DNA (99) O
Date achieving full feeds (150mls/kg/day) (which day of life) /]
Volume of feeds when IV fluids discontinued ......ml/kg/day

Feeding intolerance,

No—-30OYes-20 NA-10DNA -00

Number of “episodes” of feeding intolerance where feeds withheld

Total number of days feeds withheld

Feeding type

Number of FULL days (after birth) receiving FULL IV fluids

Number of FULL days (after birth) receiving ANY 1V fluids

Exclusive Breast milk

I Exclusive Breast milk (I Exclusive Formulald Mixed formula and breast milk[C1 DNA (99) (I

Volumes of milk (mls/day)

Day 1: mls/day DNA [ Day 2: mls/day DNA 0 Day 3:

mls/day DNA (I

Day 4:

mls/day DNA [ Day5:

mls/day DNA [

Day 6:

mls/day DNA [ Day 7:

mis/day DNA O

Maximum feed volume

mls/day Day achieved

Fortification

Yes-3[OONo-2ONA-10DNA-00O

Date started __/_/
Type: Formula powder I oil 0 DNA (99) O
Maximum fortification kcal/ml DNA O

Supplements (lron, Vitamin D or multivitamins)

Yes-3 O No-2[ONA-10DNA-00

Discharge anthropometrics

Discharge weight

Kg

DNA [ Percentile:

Discharge date:

Discharge Head circumference

cm DNA [ Percentile:

Discharge Length

cm DNA [ Percentile

Appropriateness of weight at CGA at discharge (> 10percentile)

Yes O NoO DNA(99) O

KMC used

Yes-3ONo-2ONA-10ODNA-0O

Baby’s measurements
(DNA if not available)

Birth | 1 2

3

4

5

6

12

Date

Weight (gms)

HC

Length
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