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Abstract: Although advances in neonatology led to considerable decreases in preterm infants’ mortality and
morbidity, the problem is still of major importance. Aim: The aim of this study was to describe the physiological
adaptation among preterm infants and explore the associated maternal risk factors. Method: The study was
carried out using a prospective descriptive design with follow-up of preterm infants in the Neonatal Intensive
Care Unit (NICU) at the Maternity and Children Hospital at Hail, Kingdom of Saudi Arabia. It involved a
purposive sample of 60 parturient women in preterm labor and their preterm infants. The data collection tools
were a structured interview questionnaire sheet for maternal data and physiological assessment form for
preterm infant data. Mothers’ age ranged between 18 and 41 years, and their gestational age ranged from 32 to
36 weeks. Results: The results showed statistically significant improvements in preterm infants’ blood pressure,
anthropometric measurements, skin, and stool characteristics. By day 6, 51.7% of preterm infants had their
length and 50.0% had their body weight in the normal range for their ages. From day 1 to day 6, respiratory
distress syndrome declined from 70.0% to 21.7% (p<<0.001). Similarly, the laboratory findings demonstrated
statistically significant improvements. The percentage of preterm infants with physiological adaptation
increased from 5.0% at day 1 to 66.7% at day 6 (p<0.001). The maternal characteristics associated with
physiological adaptation were history of previous abortions (p=0.02), and of stillbirth (p=0.04). As for the
current pregnancy, physiological adaptation was associated with multiple pregnancies (p=0.01), and
pregnancy-induced hypertension (p=0.049). In multivariate analysis, the independent predictors of
physiological adaptation were maternal history of previous abortion and multiple pregnancies. Conclusions:
In conclusion, approximately two-thirds of the preterm infants in the study setting had good physiological
adaptation by their sixth day of life. The twin pregnancy seems to favor such adaptation, whereas a maternal
history of abortion is a risk factor that may hinder it. Thus, infants delivered to mothers with a history of
abortion, especially if singleton needs more attention. The difference in adaptation between boys and girls needs
further study.

Keywords: extra uterine life, maternal risk factors, neonatal intensive care unit, physiological adaptation,
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I. Introduction

The incidence rates of preterm labor (<37 weeks) varies internationally 5.3 to 11.4 per 100 live births
M with a majority occurring in Asia and Africa %, and the rates are rising . It is considered as the main cause
of neonatal deaths ™ in addition to related disabilities ') Around a half of preterm births are idiopathic with no
identified cause, while approximately one-third is related to premature rupture of membranes, in addition to
elective preterm labors, which contribute to 15-20% of the cases . Other possible maternal factors include
extremes of reproductive age, lack of proper pregnancy spacing, multiple pregnancies, in addition to other
chronic diseases or pregnancy complications, and more frequent use of elective caesarean section 18,

In Saudi Arabia in 2010, there were around 35,700 preterm births of whom 2,900 died; and the rate is
rising ©!. More recently, the preterm birth rate among Saudi women in Jeddah city was 13.7% of live births !,
Such high rates could be attributed to the high prevalence of maternal risk factors such as very young or old age
at pregnancy, which is an established risk factor "4 as well as overweight and obesity during pregnancy ™!,
In addition, there is a high prevalence of diabetes .

Preterm infants are exposed to extra-uterine environment before being prepared to. They are
functionally immature, and they must rapidly adjust to a normal developmental stage commensurate with their
age at the time of birth. Such adjustments may be limited, particularly if exposed to excessive external stimuli
and noxious agents that may disturb their hemodynamic and neuroendocrinal adjustment ™. The rate of such
adjustment is also variable and may follow different trajectories ™. It is also influenced by certain hormones
such as the hormone fibroblast growth factor 21 (FGF21), which lessens postnatal growth in preterm infants ™71,

The consequences of delayed or maladaptation of preterm infants may extend to later adulthood.
Studies have demonstrated links between their growth impairment and physical & as well as psychological and
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personality problems when adult ™ % Although recent advances in neonatology have considerably decreased

preterm infants’ mortality and morbidity 1, the problem is still of major importance .

1.1 Aim of the study:

The aim of this study was to describe the physiological adaptation among preterm infants and explore the
associated maternal risk factors.

1.2 The research questions:

1.2.1  How do preterm infants adapt physiologically in their first six days of life?

1.2.2 What is the relationship between risk factors of spontaneous preterm labor and physiological adaptation
among preterm infants?

I1. Subjects And Methods
2.1. Design and setting: The study was carried out using a prospective descriptive design with follow-up of pre-
term infants for six days after preterm labor. It was conducted in the maternity emergency department and
Neonatal Intensive Care Unit (NICU) at the Maternity and Children Hospital, affiliated to the Ministry of
Health, at Hail, Kingdom of Saudi Arabia. This free-of-charge unit has a capacity of 72 incubators for dealing
with different neonatal health problems.
2.2 Subjects: A purposive sample of 60 parturient women attending the study setting for preterm labor (delivery
before 37 weeks of gestation) and their preterm infants who were admitted to the NICU was recruited. Preterm
infants who had any congenital malformations were excluded with their mothers.
2.3 Tools for data collection: The researchers used a structured interview questionnaire sheet for maternal data
and an assessment form for preterm infant data. The interview sheet included a section for mother’s socio-
demographic characteristics such as age, level of education, job status, as well as her medical history. It also had
a section for the obstetric history, and a last section for the details of the current pregnancy and labor, and any
associated complications or problems.
The preterm physiological assessment form was used to record the results of physical assessment (clinical signs)
and laboratory findings. The clinical signs assessed were the heart rate, blood pressure, respiration, temperature,
muscle tone, cry and reflexes, skin color and turgor, as well as the stool characteristics. It also included some
anthropometric measurements such as the head and chest circumferences, length, and weight. There was also a
section for assessment of any abnormalities in any of the body systems, with a special emphasis on the signs of
respiratory distress syndrome (RDS), necrotizing enterocolitis, and hyperbilirubinemia. The laboratory tests
included blood sugar, hemoglobin, hematocrit, White Blood Count (WBC), platelets count, and bilirubin (direct
and total).
The data collection tools were prepared by the researchers based on pertinent literature 231 2% They were then
rigorously revised by three experts in pediatric and maternity nursing for face and content validity. The tools
were finalized after final modifications based on the recommendations and suggestions of the three experts.
2.4 Pilot study: A pilot study is carried out on six mothers and their preterm infants to test the practicability and
applicability of the tools. Only very minor modifications were done based on the findings obtained from the
pilot study. The pilot sample was included in the main study sample.
2.5 Study maneuver: An official approval of the study protocol was obtained from the ethics committee of the
College of Nursing, Hail University. A permission to conduct the study was also secured from authorized
officials at the Maternity and Children Hospital. A written consent was obtained from each mother after full
explanation of the study purpose and maneuvers. The form clarified participant’s rights to refuse or withdraw
from the study at any time, in addition to the confidentiality of any obtained information.
The mother who signed the consent form was then interviewed by one of the researchers using the structured
interview sheet. This was done in the emergency room before admission. Mothers’ age ranged between 18 and
41 years with mean 29.0+5.6 years; slightly more than one-third (36.7%) were illiterate, and 71.7% were
housewives. As regards their obstetric history, 75.0% were multigravida and 33.3% multipara; around one-third
of them gave a history of cesarean section (35%), abortion (30%), stillbirth (28.3%), and 20.0% had preterm
labor. The current pregnancy gestational age ranged from 32 to 36 weeks. Almost majority of mothers (95%)
had pregnancy complications, mainly vaginal and urinary tract infections, and antepartum hemorrhage.
The preterm infant was identified by his/her mother name. The majority (78.3%) had a gestational age 32 to 35
weeks. Slightly more than half of them were delivered by cesarean section (53.3%). They were equally
distributed by gender. Physical assessment of the infant was done by another researcher using the designated
form. Then, the laboratory data were transcribed from the infant’s medical record. This was repeated daily by
one of the researchers during the six-day follow-up period. Reflexes were assessed based on the NICU policy
using a 3-point scale: two for normal, one for weak, and zero for absent. Reflexes were assessed at the end of
day one and day six from the date of delivery to ensure the stability of preterm infant condition.
2.6 Statistical analysis: Data entry and statistical analysis were done using SPSS 20.0 statistical software
package. Qualitative categorical variables were compared using chi-square test. Whenever the expected values
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in one or more of the cells in a 2x2 tables was less than 5, Fisher exact test was used instead. In order to identify
the independent predictors of physiological adaptation, multiple logistic regression analysis was used. Statistical
significance was considered at p-value <0.05.

I11. Results

Table 1 indicates improvements in almost all parameter of the preterm infants between day 1 and day 6
of their lives. These reached statistical significance concerning normalization of their blood pressure,
anthropometric measurements, skin, and stool characteristics.  Meanwhile, all preterm infants had normal
blinking, rooting, extrusion, and tonic neck reflexes from the first day. Additionally, a great majority of them
had normal respiratory rate at day 1 (91.7%), and this rose to 95.0% at day 6, but the difference was not
statistically significant. Similarly, the percentage of preterm infants with normal body temperature increased
from 71.7% at day 1 to 85.0% at day 6, but the difference did not reach statistical significance (p=0.08).
Moreover, by day 6, around half of the preterm infants had their length (51.7%) and body weight (50.0%) in the
normal range for their ages.

As regards the problems facing the preterm infants from day 1 to day 6, Table 2 illustrates that the most
commonly encountered ones were those related to the gastrointestinal (75.0%) and respiratory (70.0%) systems.
However, these problems demonstrated statistically significant decreases from day 1 to day 6. Thus, the
percentage of preterm infants with Respiratory Distress Syndrome (RDS) declined from 70.0% to 21.7%
(p<0.001). Similarly, the percentages of preterm infants with abnormal laboratory findings demonstrated
statistically significant decreases between the first and sixth days, except only for the platelets count and direct
bilirubin. Overall, the percentage of preterm infants with physiological adaptation (defined as absence of
abnormal physical findings or laboratory results) increased from 5.0% at day 1 to 66.7% at day 6, and the
difference was statistically significant (p<0.001).

Table 3 shows that only two of the maternal characteristics had a statistically significant association
with preterm infant’s physiological adaptation. These were the history of previous abortions (p=0.02), and of
stillbirth (p=0.04). It is evident that higher percentages of the preterm infants who had no physiological
adaptation were born to mothers having history of previous abortion of stillbirth. None of the other maternal
factors had a significant association with preterm infant physiological adaptation.

As regards the current pregnancy and labor characteristics and their relations to preterm infant
physiological adaptation, Table 4 points to statistically significant associations with multiple pregnancy
(p=0.01), and pregnancy-induced hypertension (p=0.049). It can be noticed that a higher percentage of the
preterm infants with physiological adaptation was from multiple pregnancies, i.e. twins. Conversely, more
preterm infants with no physiological adaptation were born to mothers having pregnancy-induced hypertension.
Although higher percentages of the preterm infants with no physiological adaptation were born to mothers
having <24-month pregnancy spacing, and were males, the differences did not reach statistical significance,
p=0.06 and p=0.10, respectively.

In multivariate analysis (Table 5), the independent statistically significant predictors of preterm infant
physiological adaptation turned to be the maternal history of previous abortion as well as the multiple
pregnancy. It is evident from the table that the history of previous abortion decreases the odds of physiological
adaptation, i.e. a risk factor. On the other hand, multiple pregnancies are increases the odds of physiological
adaptation, i.e. a protective factor.

Table 1: Comparison of vital and physical signs among preterm infants on Day 1 and Day 6

Normal Day X test p-value
1 6
No. % No. %

Systolic blood pressure 36 60.0 52 86.7 10.91 0.001*
Diastolic blood pressure 32 53.3 52 86.7 15.87 <0.001*
Respiratory rate 55 91.7 57 95.0 Fisher 0.71
Temperature 43 71.7 51 85.0 3.14 0.08
Cry 31 51.7 37 61.7 1.22 0.27
Muscle tone 39 65.0 39 65.0 0.00 1.00
-Reflexes:
Grimace, cough sneeze 32 53.3 38 63.3 1.23 0.27
Blink 60 100.0 60 100.0 0.00 1.00
Routing 60 100.0 60 100.0 0.00 1.00
Sucking 47 78.3 42 70.0 1.09 0.30
Swallowing 51 85.0 43 71.7 3.14 0.08
Extrusion 60 100.0 60 100.0 0.00 1.00
Tonic 60 100.0 60 100.0 0.00 1.00
Palmar grasp 59 98.3 53 88.3 Fisher 0.06
Moro 26 43.3 22 36.7 0.56 0.56
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Babinski 27 45.0 23 38.3 0.55 0.46
Step in place 12 20.0 10 16.7 0.22 0.64
Have all reflexes 25 41.7 33 55.0 2.14 0.14
Head circumference 17 28.3 31 51.7 6.81 0.01*
Chest circumference 4 6.7 29 48.3 26.12 <0.001*
Length 3 5.0 31 51.7 32.18 <0.001*
Body weight:
Normal 5 8.3 30 50.0 <0.001*
Low birth weight 50 83.3 25 41.7 24.30°
Very low birth weight 4 6.7 4 6.7
Extremely low birth weight 1 1.7 1 1.7
Skin characteristics 0 0.0 26 43.3 33.19 <0.001*
Stool:
Meconium 49 81.7 32 53.3 0.002*
Greenish 9 15.0 16 26.7 12.67
Normal 2 3.3 12 20.0

(@) Test between normal and abnormal weight (*) Statistically significant at p<0.05

Table 2: Comparison of health problems and lab tests among preterm infants on Day 1 and Day 6

Day XZtest p-value
1 6
No. % No. %

Problems:
Gl (vomiting, stomach residue 45 75.0 31 51.7 7.03 0.008*
and abdominal distension)
RDS 42 70.0 13 21.7 28.23 <0.001*
Sepsis 3 5.0 1 1.7 Fisher 0.62
Necrotizing enterocolitis 1 1.7 0 0.0 Fisher 1.00
Hyperbilirubinemia 5 8.3 8 13.3 0.78 0.38
Anemia 1 1.7 0 0.0 Fisher 1.00
Abnormal tests:
Blood sugar 15 25.0 5 8.3 6.00 0.01*
Hemoglobin 14 23.3 2 3.3 10.38 0.001*
Hematocrit 24 40.0 3 5.0 21.08 <0.001*
WBC 11 18.3 0 0.0 12.11 0.001*
Platelets 1 1.7 1 1.7 Fisher 1.00
Bilirubin (total) 26 43.3 6 10.0 17.05 <0.001*
Bilirubin (direct) 4 6.7 1 1.7 Fisher 0.36
Physiologically adapted:
No 57 95.0 20 33.3 <0.001*
Yes 3 5.0 40 66.7 49.62

(*) Statistically significant at p<0.05

Table 3: Relation between physiological adaptation of preterm infants on Day 6 and their mothers’ personal,
medical, and obstetric history

Mother Physiologically adapted X2 test p-value
No (n=20) Yes (n=40)
No. % No. %
Age:
<35 14 70.0 32 80.0 0.52
35+ 6 30.0 8 20.0 Fisher
Education:
Iliterate 5 25.0 17 42.5 0.30
Basic 5 25.0 5 12.5 2.44
Secondary 10 50.0 18 45.0
Job status:
Housewife 13 65.0 30 75.0 0.42
Working 7 35.0 10 25.0 0.66
BMI:
Normal (<25) 7 35.0 16 40.0 0.93
Overweight (25-<30) 8 40.0 15 37.5 0.14
Obese (30+) 5 25.0 9 22.5
Gravidity:
1 4 20.0 11 21.5 0.74
2-3 10 50.0 20 50.0 0.60
4+ 6 30.0 9 225
Previous abortions 10 50.0 8 20.0 5.71 0.02*
History of:
Preterm labor 5 25.0 7 17.5 Fisher 0.51
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Stillbirth 9 45.0 8 20.0 4.10 0.04*
Cesarean section 7 35.0 14 35.0 0.00 1.00
Incompetence 2 10.0 0 0.0 Fisher 0.11
PROM 11 55.0 21 52.5 0.03 0.85
DM 2 10.0 2 5.0 Fisher 0.59
(*) Statistically significant at p<0.05 (--) Test result not valid

and labor characteristics

Table 4: Relation between physiological adaptation of infants on Day 6 and their mothers’ current pregnancy

Mother Physiologically adapted X test p-value
No (n=20) Yes (n=40)
No. % No. %
Gestational weeks:
<32 1 5.0 1 2.5 0.67
32-35 14 70.0 32 80.0 0.80
36+ 5 25.0 7 17.5
Multiple pregnancies 0 0.0 11 27.5 Fisher 0.01*
Weight gain in pregnancy (kg):
<10 12 60.0 19 475 0.59
10-11 3 15.0 10 25.0 1.05
12+ 5 25.0 11 275
Pregnancy complications:®
Urinary tract infection 13 65.0 25 62.5 0.04 0.85
Vaginal infection 12 60.0 27 67.5 0.33 0.57
Polyhydramnios 4 20.0 6 15.0 Fisher 0.72
Oligohydramnios 2 10.0 6 15.0 Fisher 0.71
Hypertension 6 30.0 3 7.5 Fisher 0.049*
GDM 6 30.0 8 20.0 Fisher 0.52
Vaginal bleeding (APH) 9 45.0 21 52.5 0.30 0.58
Hyperemesis gravidarum 3 15.0 13 32.5 2.09 0.15
Anemia during pregnancy 8 40.0 16 40.0 0.00 1.00
Had any complications 20 100.0 37 92.5 Fisher 0.54
Pregnancy spacing (months):
<24 15 75.0 20 50.0 0.06
24+ 5 25.0 20 50.0 3.43
Mode of labor:
Vaginal 11 55.0 17 42.5 0.36
Cesarean section 9 45.0 23 57.5 0.84
Newborn gender:
Male 13 65.0 17 42.5 0.10
Female 7 35.0 23 57.5 2.70

(*) Statistically significant at p<0.05

@ Numbers are mutually exclusive

preterm infants

Table 5: Best fitting multiple logistic regression model for the occurrence of physiological adaptation among

Wald Df P OR 95.0% CI
for OR
Upper Lower
Constant 4.42 1 .035 .60
Previous abortion 4.38 1 .036 .37 15 .94
Multiple preghancy 3.96 1 .047 2.36 1.01 5.48
Nagelkerke R Square: 0.10
Hosmer and Lemeshow Test: p=0.762
Omnibus Tests of Model Coefficients: p<0.001

IV. Discussion

The present study findings point to significant improvements in preterm infants’ physiological
adaptation along their first six-day age follow-up. Only two factors of the current pregnancy have a significant
influence on this improvement. Meanwhile, none of the other maternal factors had any independent effect on it.
According to the present study findings, the preterm infants’ physiological adaptation improved significantly
between their first and sixth days of life. This was demonstrated by the normalization of their systolic and
diastolic blood pressure levels. This might be a good indicator of the preterm infant’s adjustment to the extra-
uterine environment, and is due to the intensive care interventions to maintain fetal circulation close to normal.
Nonetheless, the values of systolic and diastolic blood pressure are not the only indicators of the newborn’s
hemodynamic status since blood pressure is a dependent factor on the heart rate and cardiac output, which ma
compensate each other; additionally, it is not a good indicator of tissue perfusion in various body organs .
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However, the general improvements in all parameters among the present study preterm infants may reflect
improvements of their hemodynamics. These are certainly due to the highly specialized care provided in the
properly equipped high-risk neonatal unit, with most advanced technology, highly qualified nurses, and high
nurse patient ratio.

Furthermore, the present study findings indicate significant improvements in preterm infant respiratory
functions, with marked decreases in the percentages of those suffering from respiratory distress syndrome
(RDS) by the sixth day of life. This is certainly attributed to the intensive management with routine
administration of steroids 48 hours before delivery, and of surfactant administration to the preterm infant, in
addition to oxygen administration. According to !, this combination has synergistic effect on the lungs of the
preterm infant. It led to significant improvements in respiratory functions, with decreases in morbidity and
mortality rates. Nonetheless, a recent study in Australia revealed that the oxygen saturation response of the
preterm infant is influenced by the severity of the respiratory disorders, in addition to certain individual
variability among these preterm infants %7,

The growth parameters, as indicated by the anthropometric measurements, have demonstrated
significant improvements among the preterm infants of the current study. Thus, by the sixth day, one-half of
them reached to normal body weight and length. This is certainly due to thorough continuous assessment of
preterm infant feeding abilities and handicaps, and to the nurses' planning according to individual problems of
each infant. The finding is an extremely important one given the effect of growth at this stage of infant life on
anthropometric parameters at later age. In this respect, a study in France & concluded that the growth rate
during the neonatal period is significantly and positively related to the length at the age of two years. This
indicates the importance of giving close attention to these parameters in pre-term care. Approaches to special
types of feeding of preterm infants with adjusted administration of lipids and amino acids %, as well as
increasing skin-to-skin contact between mother and infant % proved to be effective in enhancing their growth at
this critical stage of their lives. Nonetheless, a recent systematic review Y concluded that although normative
growth parameters are available for healthy term infants, they are very limited for preterm infants.

The present study identified multiple pregnancies as a factor independently favoring the physiological
adaptation of the preterm infant. Thus, the odds of this adaptation in a twin pregnancy are 2.36 folds the odds in
a singleton pregnancy. This might be explained by that twin pregnancy, as a factor underlying preterm delivery,
is a physiological rather than a pathological one. Thus, it could be the sole cause of prematurity, and the infants
may have a higher probability of lack of other pathological factors. The finding is in agreement with *? whose
study in Slovenia demonstrated significantly more perinatal complications among singleton infants in
comparison with twins. On the same line, a study in the Netherlands reported a significantly lower mortality rate
among twin preterm infants compared with singletons =%,

On the other hand, a history of previous abortion among the mothers of the current study preterm
infants was identified as a risk factor independently influencing physiological adaptation among them. Their
odds of adaptation are almost one third in comparison to those born to mothers lacking such history. This might
be attributed to the factors that led to the previous abortions, and which could still exist. The finding is in
congruence with the results of previous studies indicating that abortion increases the risk of prematurity B4 ],
Moreover, a Finnish study reported a dose-response relationship between induced abortions and later adverse
birth outcomes . Nonetheless, a mother with previous history of abortion might have a higher tendency to
seek antenatal care and comply with pertinent instructions. This has been shown in a study in the United States,
where the mothers with history of adverse pregnancy outcomes had a higher and better utilization of
preconception care &7,

According to the present study findings, there was a trend of better physiological adaptation among the
female preterm infants compared with the male ones. However, the difference was not statistically significant
probably due to the small sample size as this issue was not one of the main study objectives. The finding is in
agreement with previous literature, and is often attributed to the higher susceptibility of male preterm infants to
the respiratory distress syndrome problem 8. This gender difference has been reduced by the use of continuous
positive airway pressure *°). Therefore, the issue may need further study with a suitable sample size.

V. Conclusion And Recommendations
In conclusion, approximately two-thirds of the preterm infants in the study setting had good
physiological adaptation by their sixth day of life. The twin pregnancy seems to favor such adaptation, whereas
a maternal history of abortion is a risk factor that may hinder it. The study recommended that, more attention is
to be paid to those infants delivered to mothers with a history of abortion, especially if singleton. The difference
in adaptation between boys and girls needs further study with suitable sample size.
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