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Introduction:

Abstract

Introduction: Placental development is a highly regulated process that begins with the implantation
of the blastocyst into the uterine wall and culminates in the formation of a fully functional placenta by
the end of the first trimester. Objectives: The main objective of the study is to find the implications of
placental insufficiency on fetal organogenesis and long-term health outcomes. Methodology: This
prospective observational study was conducted at various tertiary care hospitals in KSA during June
2023 to March 2024. Data were collected from 118 pregnant women. Data collection included both
maternal and fetal information, acquired through routine antenatal visits and detailed assessments
during delivery. Maternal data encompassed a range of factors, such as age, medical history, and any
pregnancy-related complications. Results: Data were collected from 118 patients. Mothers with mild
insufficiency had a mean age of 28.5 £ 3.5 years, while those with severe insufficiency were slightly
older at 30.2 + 4.0 years. The gestational age at diagnosis decreased with the severity of insufficiency,
with mild insufficiency diagnosed at 29.5 + 2.1 weeks compared to 26.8 + 2.0 weeks for severe cases.
In the mild insufficiency group, only 5% of children exhibited developmental delays, with no reported
cases of elevated blood pressure or metabolic syndrome by age 3. Conclusion: It is concluded that
placental insufficiency significantly impacts fetal growth, organ development, and long-term health
outcomes. As placental dysfunction increases, the risk of intrauterine growth restriction (IUGR) rises,
leading to complications such as preterm birth, low birth weight, and a higher likelihood of requiring
neonatal intensive care.

Placental development is a highly regulated process that begins with the implantation of the blastocyst
into the uterine wall and culminates in the formation of a fully functional placenta by the end of the first
trimester. This process involves the differentiation of trophoblast cells into the outermost layer of the
placenta also known as the syncytiotrophoblast and the invasion of the spiral artery of the endometrium
to provide adequate blood supply for the developing fetus. The villous tree formed by numerous
branching villi of the placenta provides a greater area within which gases, nutrients, and waste products
can be exchanged between maternal and fetal blood circulation [1]. The efficiency of this exchange is
due to placental development of the vascular network, transport of nutrients across the placenta, and
hormonal control of pregnancy and fetal growth. During normal pregnancy, it primarily facilitates
exchange where maternal blood supplies oxygen and nutrients including glucose, amino acids, and fatty
acids to the fetus [2]. Oxygen is transported passively due to variations in the concentration gradient of
oxygen between the maternal and fetal blood. Transport of nutrients, however, is slightly different than
passive diffusion and active transport to ensure that the fetus gets adequate supplies of some essential
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compounds for its growth. Also, in the placenta, carbon dioxide and metabolic waste in the blood of the
fetus move from the blood of the fetus to the mother's blood where they are excreted [3] . These fine
functions of the placenta are critical to fetal metabolism and growth; more importantly, during those
critical periods of organogenesis, the fetus receives substantial environmental and nutritional inputs
through the placenta. PE/PI results from the inability of the placenta to meet the metabolic demands of a
growing fetus, arising from inadequate blood flow, adaptation of a small placental surface area, or from
a dysfunction transport system [4]. This condition can be a result of such factors as maternal factors such
as hypertension, preeclampsia, diabetes, maternal malnutrition, or fetal factors such as chromosomal
abnormalities. When the placenta is inadequate in supplying oxygen and nutrients to the fetus, the fetus
becomes constricted to a chronic hypoxic nutrient-deprived environment contributing to IUGR. IUGR is
related to below-average fetal growth rate, and research indicates a heightened risk of perinatal morbidity
and mortality [5]. A placental insufficiency is one of the many factors whose consequences have direct
effects on the organogenesis of the human fetus [6]. Organogenesis occurs during the embryonic stage
and fetal development, although organ growth and maturation are faster during the second and third
pregnancies. If placental insufficiency is present during this period, growth restriction occurs with
compensation for the growth of some organs, for example, the brain may be spared while other organs
including the liver and kidneys are compromised [7]. The so-called “brain-sparing effect”, seen as the
distribution of blood flow selectively preserved from the reduction of overall blood flow to minimize the
developmental impact on the brain, comes at a cost: other organs that might benefit less from such a
selective blood flow suffer in growth and maturity. In addition, placental insufficiency affects the life
course health of an individual and goes beyond the consequences of the placenta at birth [8]. The DOHaD
hypothesis answers to that by stating that adverse conditions for development in utero due to factors such
as placental insufficiency make a human susceptible to chronic diseases at some point in their life [9].
For instance, people who were born IUGR or who had placental insufficiency during fetal development
were seen to have an increased tendency to develop metabolic syndrome, type-2 diabetes, CVD and
hypertension in later onset. This is believed to be due to fetal programming in which the fetus responds
to poor intrauterine conditions by altering its metabolism in a way that is likely to cause metabolic and
cardiovascular disorders later in life [10].

Objectives
The main objective of the study is to find the implications of placental insufficiency on fetal
organogenesis and long-term health outcomes.

Methodology
This prospective observational study was conducted at tertiary care hospitals in KSA during June 2023
to March 2024. Data were collected from 118 pregnant women.
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Inclusion criteria

o Gestational age between 24 and 36 weeks
Clinical diagnosis of placental insufficiency (based on Doppler ultrasound measurements of
uterine and umbilical artery blood flow)

o No history of pre-existing chronic diseases such as diabetes or hypertension that could
independently affect placental function.

Exclusion criteria
e Patients with multiple gestations, known fetal chromosomal abnormalities, or any conditions that
could lead to non-placental causes of intrauterine growth restriction (IUGR).

Data Collection

Detailed maternal and fetal data were collected during routine antenatal visits and during delivery. Based
on Doppler ultrasound findings, patients were stratified into different groups according to the severity of
placental insufficiency:

1. Mild Insufficiency: Abnormal Doppler indices but no clinical signs of IUGR.

2. Moderate Insufficiency: Abnormal Doppler indices accompanied by mild IUGR.

3. Severe Insufficiency: Significant Doppler abnormalities, severe IUGR, and potential signs of
fetal distress.

Data collection included both maternal and fetal information, acquired through routine antenatal visits
and detailed assessments during delivery. Maternal data encompassed a range of factors, such as age,
medical history, and any pregnancy-related complications. Blood pressure readings were also closely
monitored to detect conditions like preeclampsia and other hypertensive disorders that could affect
placental function. This maternal profile helped identify potential risk factors contributing to placental
insufficiency and provided a context for understanding individual pregnancy outcomes. Fetal data were
collected through a series of ultrasound assessments aimed at tracking fetal growth and development.
Biometric measurements were taken to monitor the size and progress of the fetus, particularly focusing
on signs of intrauterine growth restriction (IUGR), which often accompanies placental insufficiency.
Doppler ultrasound was used to assess placental blood flow, with specific attention given to
uteroplacental and fetoplacental circulation. Measurements such as the resistance index (RI) and
pulsatility index (PI) in the uterine and umbilical arteries were recorded to detect abnormalities in blood
flow. These Doppler measurements were critical in diagnosing the severity of placental insufficiency and
identifying which fetuses were at higher risk of complications.

Data Analysis
Statistical analyses were performed by using SPSS v29. The correlation between the severity of placental
insufficiency and fetal organ development, as well as long-term health outcomes, was evaluated.

Results

Data were collected from 118 patients. Mothers with mild insufficiency had a mean age of 28.5 = 3.5
years, while those with severe insufficiency were slightly older at 30.2 £ 4.0 years. The gestational age
at diagnosis decreased with the severity of insufficiency, with mild insufficiency diagnosed at 29.5 + 2.1
weeks compared to 26.8 = 2.0 weeks for severe cases. Additionally, the incidence of preeclampsia rose
significantly from 5% in mild cases to 40% in severe cases, highlighting a strong correlation between
insufficiency severity and pregnancy complications.
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Table 1: Demographic and Clinical Data of Study Participants

Characteristic Mild  Insufficiency Moderate Severe Insufficiency
(n=40) Insufficiency (n=33)
(n=45)
Maternal Age (years) 285+35 29.8+4.2 30.2+4.0
Gestational Age at 295+21 28.0+£23 26.8+2.0
Diagnosis (weeks)
BMI (kg/m?) 25.6+34 26.8+3.8 27.1+40
Preeclampsia (%0) 5% (2 patients) 20% (9 patients) 40% (13 patients)
Gestational 10% (4 patients) 25% (11 patients) 30% (10 patients)
Hypertension (%)
Previous Preterm Birth 15% (6 patients) 20% (9 patients) 25% (8 patients)
(%)
Smoking During 5% (2 patients) 10% (5 patients) 15% (5 patients)
Pregnancy (%)
Diabetes (Gestational 3% (1 patient) 10% (5 patients) 15% (5 patients)

or Pre-existing) (%)

In the mild insufficiency group, 75% of patients exhibited normal growth, while 25% showed
asymmetrical growth, and 85% demonstrated the brain-sparing effect. Organ development was slightly
affected, with liver and kidneys measuring 5% below normal, and the Doppler Resistance Index (RI) was
recorded at 0.55. In the moderate group, normal growth decreased to 40%, and asymmetrical growth
increased to 60%, with 80% experiencing the brain-sparing effect. Organ development was more
compromised, with liver and kidneys 15% below normal, and the RI increased to 0.65. In the severe
insufficiency group, no patients exhibited normal growth, all 33 patients had asymmetrical growth, and
90% showed the brain-sparing effect. Organ development was significantly impaired, with liver and
kidneys 25% below normal, and the RI further increased to 0.75.
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Table 2: Fetal Growth and Organ Development by Severity of Placental Insufficiency

Placental Normal Asymmetrical Brain- Organ Development  Doppler
Insufficiency Growth Growth (%) Sparing (%) (Below Expected Resistance
Group (%) Effect (%) Size) Index (RI)
Mild (n=40) 75% (30 25% (10 patients) 85% Liver and Kidneys: 5% 0.55
patients) below normal
Moderate (n=45) 40% (18  60% (27 patients) 80% Liver and Kidneys: 15% 0.65
patients) below normal
Severe (n=33) 0% 100% (33 patients) 90% Liver and Kidneys: 25% 0.75
below normal

In the mild insufficiency group, the average gestational age was 38 weeks, with only 10% of births
classified as preterm and 15% as small for gestational age (SGA). Additionally, only 5% of infants
required NICU admission, and a high Apgar score of 90% indicated good overall health at birth. In the
moderate group, the average gestational age decreased to 36 weeks, with a significant increase in preterm
births (40%) and SGA infants (50%). NICU admissions rose to 20%, and the Apgar score dropped to
80%. The severe insufficiency group exhibited the most concerning outcomes, with an average
gestational age of 34 weeks, 70% preterm births, and 85% classified as SGA. NICU admissions were
substantially higher at 50%, and the Apgar score fell to 50%, reflecting poorer neonatal health outcomes
in this group.

Table 3: Birth Outcomes by Severity of Placental Insufficiency

Placental Average Preterm Small for NICU Apgar Score
Insufficiency Gestational Age  Birth (%) Gestational Age  Admission (Normal %6)
Group (weeks) (SGA) (%) (%)

Mild (n=40) 38 10% 15% 5% 90%
Moderate (n=45) 36 40% 50% 20% 80%

Severe (n=33) 34 70% 85% 50% 50%

In the mild insufficiency group, only 5% of children exhibited developmental delays, with no reported
cases of elevated blood pressure or metabolic syndrome by age 3. In contrast, the moderate insufficiency
group showed a significant increase in developmental delays at 30%, with 20% of children experiencing
elevated blood pressure and 10% diagnosed with metabolic syndrome by age 3. The severe insufficiency
group presented the most alarming statistics, with 60% of children facing developmental delays, 50%
exhibiting elevated blood pressure, and 40% showing signs of metabolic syndrome by age 3.

Table 4: Long-Term Health Outcomes by Severity of Placental Insufficiency

Placental Insufficiency Developmental Elevated Blood Pressure Metabolic  Syndrome
Group Delays (%) at Age 3 (%) by Age 3 (%0)
Mild (n=40) 5% 0% 0%
Moderate (n=45) 30% 20% 10%
Severe (n=33) 60% 50% 40%
Discussion

The findings of this study underscore the significant impact of placental insufficiency on fetal
development and long-term health outcomes. In this study, 118 pregnant women with different degrees
of placental insufficiency showed that the degree of placental dysfunction significantly affects fetal
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growth patterns, birth outcomes, and future health concerns in early childhood [11]. The upshot of this is
that as placental insufficiency becomes worse then infants are more likely to suffer from IUGR. In the
mild ITUGR group, most of the fetuses appeared to be growth-appropriate for GA and had only a slight
disproportion in organ size. This observation suggests that subclinical placental dysfunction is common
and can be usually compensated by efficient maternal nutrient supply with a relatively favorable fetal
prognosis [12]. However, an interesting change in the IUGR patterns was observed in the moderate
insufficiency group, where a considerable number of fetuses had mild to moderate IUGR [13]. This group
demonstrated the phenomenon of the brain-sparing effect to emphasize that the fetus can maintain
adequate blood supply to the brain in periods of low nutrient supply at the cost of other organs [14]. This
physiological adaptation appears as protective in the short run but raises numerous questions as to
whether it has detrimental effects on organ function in the long run. It is different in the severe
insufficiency group of fetuses where one is confronted with major challenges; all fetuses were diagnosed
with ITUGR and significant developmental abnormalities in organs [15]. A study where the animals are
taken through the following computed tomographic imaging procedures shows that there is a drastic
shrinking of the liver and kidneys, which are some of the body’s important organs that play special roles
in metabolism and excretion respectively [16]. The very high Doppler resistance index in this group is
suggestive of impaired placental blood flow and is a marker for poor outcomes. It is in harmony with
previous information for which severe placental insufficiency has been shown to correlate directly with
intrauterine growth restriction and progressive organ dysfunction in the fetus. The birth outcomes of the
participants of the study provide additional insight into the effects of placental insufficiency [17]. The
mild retention group was found to have satisfactory outcomes: the majority of the infants were born at
term and attained a normal birth weight. These trends accentuate the significance of antenatal surveillance
and intervention in pregnancies with placental insufficiency because the risks of adverse outcomes
including NICU admission and respiratory distress are raised. Consequent to these observations, one is
forced to be more concerned with Apgar scores in that, in mothers with severe insufficiency, scores were
noted to be declining in infants at the immediate postnatal stage [18]. Low Apgar scores are suggestive
of possible neurological and developmental complications importance of a properly functioning placenta
during pregnancy. | think that findings of this kind stress the need for increased clinical suspicion and
appropriate management of high-risk pregnancies. The adverse outcome of placental insufficiency on the
health of these children was demonstrated when the children were taken through follow-up studies at 6
months, one and three years [19]. The findings of the study showed that there was a great association
between the degree of Pl and delay in developmental milestones and overall complications among
children. Children in the severe insufficiency group also had a 60% prevalence rate of development
delays; in addition, over half had signs of early metabolic syndrome and high BP [20]. These findings
are in tandem with the DOHaD which postulates that effects of adverse health circumstances during some
stages of development can cause susceptibility to diseases at later developmental epochs.

Conclusion

It is concluded that placental insufficiency significantly impacts fetal growth, organ development, and
long-term health outcomes. As placental dysfunction increases, the risk of intrauterine growth restriction
(TUGR) rises, leading to complications such as preterm birth, low birth weight, and a higher likelihood
of requiring neonatal intensive care. Moreover, the implications extend beyond immediate birth
outcomes, as children born to mothers with severe placental insufficiency exhibited notable
developmental delays and a higher incidence of metabolic syndrome and cardiovascular risks during
early childhood.



Dr: Itedal Ahmed/Afr.J.Bio.Sc. 6(8) (2024) Page 3698 to 10

Itedal Ahmed/ Afr.J.Bio.Sc. 6(8) (2024).3692-3699
References
1. Zhang S, Regnault TR, Barker PL, Botting KJ, McMillen IC, McMillan CM, Roberts CT, Morrison
JL. Placental adaptations in growth restriction. Nutrients. 2015 Jan 8;7(1):360-89. doi:
10.3390/nu7010360. PMID: 25580812; PMCID: PMC4303845.

2. Wardinger JE, Ambati S. Placental Insufficiency. [Updated 2022 Oct 3]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK563171/

3. Woods, L., & Hemberger, M. (2018). Regulation of Placental Development and Its Impact on Fetal
Growth—New Insights From Mouse Models. Frontiers in Endocrinology, 9, 416241.
https://doi.org/10.3389/fendo.2018.00570

4. Ramirez JD, Maldonado |, Mach KJ, Potter J, Balise RR, Santos H. Evaluating the Impact of Heat
Stress on Placental Function: A Systematic Review. International Journal of Environmental Research and
Public Health. 2024; 21(8):1111. https://doi.org/10.3390/ijerph21081111

5. Kuehn, L. & McCormick, S. (2017) 'Heat Exposure and Maternal Health in the Face of Climate
Change’, International Journal of Environmental Research and Public Health, 14(853), 1-14.

6. Samuels, L. et al. (2022) 'Physiological mechanisms of the impact of heat during pregnancy and the
clinical implications: Review of the evidence from an expert group meeting’, International Journal of
Biometeorology, 66, 1505-1513.

7. Syed, S., O’Sullivan, T.L. & Phillips, K.P. (2022) 'Extreme Heat and Pregnancy Outcomes: A Scoping
Review of the Epidemiological Evidence', International Journal of Environmental Research and Public
Health, 19(2412), 1-18.

8. Chersich, M.F. et al. (2020) 'Associations between high temperatures in pregnancy and risk of preterm
birth, low birth weight, and stillbirths: Systematic review and meta-analysis', BMJ, 371, m3811.

9. Rampersad, R., Cervar-Zivkovic, M. & Nelson, D.M. (2011) Immunologic Aspects of Pregnancy. In:
The Placenta: From Development to Disease. Hoboken, NJ: Wiley-Blackwell, pp. 29.

10. Buse, E. & Markert, U.R. (2019) "The immunology of the macaque placenta: A detailed analysis and
critical comparison with the human placenta’, Critical Reviews in Clinical Laboratory Sciences, 56, 118—
145.

11. Ma, Y., Hu, Y. & Ma, J. (2023) 'Animal models of the placenta accreta spectrum: Current status and
further perspectives', Frontiers in Endocrinology, 14, 1118168.

12. Tricco, A.C. et al. (2018) 'PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and
Explanation’, Annals of Internal Medicine, 169, 467-473.

13. Guo, H. et al. (2021) 'Heat stress affects fetal brain and intestinal function associated with the
alterations of placental barrier in late pregnant mouse', Ecotoxicology and Environmental Safety, 227,
112916.



Dr: Itedal Ahmed/Afr.J.Bio.Sc. 6(8) (2024) Page 3699 to 10

14. Guo, H. et al. (2022) 'Heat Stress Modulates a Placental Immune Response Associated with
Alterations in the Development of the Fetal Intestine and Its Innate Immune System in Late Pregnant
Mouse', Frontiers in Physiology, 13, 841149.

15. Dada, J.M. et al. (2023) 'Placental Development and Physiological Changes in Pregnant Ewes in
Silvopastoral and Open Pasture Systems during the Summer', Animals, 13, 478.

Itedal Ahmed/ Afr.J.Bio.Sc. 6(8) (2024).3692-3699

16. Alessia, A., Anastasia, G., Alessia, D.D. et al. Fetal and obstetrics manifestations of mitochondrial
diseases. J Transl Med 22, 853 (2024). https://doi.org/10.1186/s12967-024-05633-6

17. Armbruster, R.R., Kumar, D., Benyard, B., Jacobs, P., Khandavilli, A., Liu, F. et al. (2024)
'Personalized and muscle-specific OXPHOS measurement with integrated CrCEST MRI and proton MR
spectroscopy’, Nature Communications. Available at: https://www.nature.com/articles/s41467-024-
49253-6

18. Aamir, A., Igbal, A., Jawed, F., Ashfaque, F., Hafsa, H., Anas, Z. et al. (2024) 'Exploring the current
and prospective role of artificial intelligence in disease diagnosis', Annals of Medicine and Surgery
(London), 86, 943-949. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10849462/

19.Tolle I, Tiranti V, Prigione A. Modeling mitochondrial DNA diseases: from base editing to pluripotent
stem-cell-derived organoids. EMBO Rep. 2023;24: e55678.



