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Abstract 

The placenta is a crucial organ that supports fetal development by regulating the interchange of 

nutrients, gases, and waste between the mother and the fetus. Assessing placental function is 

particularly important in high-risk pregnancies, where complications such as pregnancy complications 

like preeclampsia and IUGR are more likely to occur. This study presents a comparative evaluation of 

two important diagnostic methods Placental Alkaline Phosphatase (PLAP) and Doppler Ultrasound to 

determine their effectiveness in monitoring placental performance and fetal nutrition. PLAP, a 

glycoprotein enzyme secreted by the syncytiotrophoblast, acts as a biochemical marker indicative of 

placental metabolic activity and maturity. Its levels are associated with nutrient concentrations 

(glucose, amino acids, lipids) in fetal cord blood, highlighting its significance in nutritional research. 

However, limitations such as its static measurement, absence of real-time feedback, and low clinical 

specificity reduce its applicability in routine diagnostics. On the other hand, Doppler Ultrasound is a 

non-invasive imaging technique that allows real-time visualization of blood flow in the uteroplacental 

and fetoplacental circulations. By analyzing parameters, it provides direct insight into the fetus’s 

oxygen and nutrient supply. It plays a central role in early detection and management of conditions like 

fetal hypoxia, IUGR, and hypertensive disorders of pregnancy. Although Doppler Ultrasound is widely 

regarded as the clinical standard for placental assessment due to its dynamic and precise nature, PLAP 

remains valuable in experimental studies and as a supportive biochemical indicator. A combined use of 

both methods may offer a more holistic understanding of placental health, particularly in under-

resourced settings or research environments focused on fetal nutrition. This paper underscores the 

complementary value of PLAP and Doppler techniques and promotes their thoughtful use based on 

clinical needs and diagnostic goals. 
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1. Introduction 

The placenta is a dynamic and specialized organ that plays a vital role during pregnancy, 

functioning as the essential bridge between maternal and fetal circulatory systems. It 

facilitates critical processes such as nutrient transport, respiratory gas exchange, removal of 

fetal waste, and hormonal communication each indispensable for normal fetal growth and 

development. Optimal placental function ensures the supply of key nutrients including 

oxygen, glucose, amino acids, lipids, and micronutrients, which are essential for cellular 

metabolism, organ development, and healthy intrauterine progression. When placental 

performance is compromised, it may result in serious pregnancy complications like 

intrauterine growth restriction (IUGR), preeclampsia, premature delivery, or stillbirth. 

Because of the placenta’s central role in determining fetal outcomes, accurate and timely 

assessment of its function is critical. In both clinical practice and biomedical research, a 

range of biomarkers and imaging technologies are used to evaluate placental status. Among 

these, Placental Alkaline Phosphatase (PLAP) and Doppler Ultrasound are widely 

recognized tools, each offering distinct types of diagnostic information.  
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 PLAP is an enzyme secreted by the syncytiotrophoblast and 

serves as a biochemical indicator of placental development 

and metabolic activity. It has shown correlation with 

nutrient levels in umbilical cord blood, suggesting its 

usefulness in assessing fetal nutritional status. Conversely, 

Doppler Ultrasound has transformed prenatal care by 

offering a non-invasive, real-time method to visualize blood 

flow in maternal-fetal vasculature. This modality is 

routinely used to evaluate uteroplacental and fetoplacental 

circulation and is particularly effective in identifying 

vascular resistance or perfusion abnormalities before clinical 

symptoms become evident. The purpose of this study is to 

provide a comparative assessment of PLAP and Doppler 

Ultrasound in evaluating placental function and fetal 

nutrition. By analyzing their underlying mechanisms, 

clinical significance, diagnostic performance, and practical 

limitations, this research aims to clarify how each method 

contributes to modern obstetric monitoring. The study also 

explores how integrating both techniques may enhance the 

accuracy of fetal assessments especially in high-risk 

pregnancies or in settings where access to advanced imaging 

or laboratory testing is limited. 

 

2. Materials and Methods  

1. Study Design and Setting 

This was a prospective observational study carried out at the 

Department of Obstetrics and Gynecology, [Name of 

Hospital/Institution], over a duration of [X months/years], 

spanning from [Start Date] to [End Date]. Approval for the 

study was obtained from the Institutional Ethics Committee, 

and written informed consent was secured from all 

participating individuals prior to their inclusion in the study. 

 

2. Study population 

Pregnant women visiting the antenatal clinic were selected 

according to predefined criteria. 

 

Inclusion criteria included 

 Singleton pregnancies between 28 to 40 weeks of 

gestation 

 Participation from both low-risk and high-risk groups 

(including cases of preeclampsia, suspected IUGR, and 

gestational diabetes) 

 Participants willing to provide informed consent 

 

Exclusion criteria were: 

 Multiple gestation pregnancies 

 Known congenital anomalies in the fetus 

 Maternal systemic diseases (e.g., liver disorders, bone 

diseases) that could influence PLAP levels 

 Incomplete records or loss to follow-up 

 

3. Sample Size 
Based on preliminary analysis and statistical power 

estimation, a sample size of [number] participants was 

calculated to detect significant differences in outcomes 

between PLAP and Doppler Ultrasound metrics with 80% 

power and 5% level of significance. 

 

3. Data Collection Procedure 

3.1 Clinical Data 

Demographic details and obstetric history were collected at 

enrollment, this included information on: 

 Maternal age. 

 Parity. 

 Body Mass Index (BMI). 

 Gestational age (confirmed by first trimester 

ultrasound). 

 Smoking habits 

 Associated pregnancy complications. 

 

3.2 Blood Sample Collection and PLAP Estimation 

 A 5 mL maternal venous blood sample was drawn 

under aseptic conditions at a defined gestational period. 

 Samples were centrifuged at 3000 rpm for 10 minutes, 

and serum was stored at -20°C for later analysis. 

 Placental Alkaline Phosphatase (PLAP) levels were 

quantified using a commercial ELISA kit specific to 

PLAP, as per the manufacturer’s guidelines. 

 All samples were tested in duplicate, and the mean of 

two readings was used for statistical evaluation. 

 Cord blood was collected at the time of delivery for 

assessing fetal glucose, amino acid levels, lipid profile, 

and micronutrients, wherever feasible. 

 

3.3 Doppler Ultrasound Assessment 

 Doppler scans were performed using a [Brand/Model] 

ultrasound system with color and spectral Doppler 

features. 

 Standardized protocols were followed to assess blood 

flow in: 

 Uterine arteries at the level of the internal cervical os 

 Umbilical artery along a free-floating loop of the cord 

 Middle cerebral artery (MCA) in the fetal brain 

 Ductus venosus, near its narrow segment by the fetal 

liver 

 Parameters measured included the Pulsatility Index 

(PI), Resistance Index (RI), and Systolic/Diastolic 

(S/D) ratio. 

 Three consecutive waveforms were recorded per vessel, 

and their average value was used in analysis. 

 Scans were conducted by a trained sonographer who 

was blinded to PLAP data to minimize bias. 

 

 5. Outcome Measures 

 The primary outcomes were correlations between PLAP 

concentrations and Doppler indices, and their association 

with markers of fetal nutrition. 

 Secondary outcomes included: 

 Birth weight 

 Apgar scores 

 Maternal or neonatal complications, including IUGR, 

fetal hypoxia, and preeclampsia 

 

 6. Statistical Analysis 

 Data were processed using [Software Name, SPSS 

version XX or R]. 

 Continuous variables were reported as mean ± standard 

deviation (SD) or median with interquartile range 

(IQR), based on distribution. 

 Categorical variables were summarized using 

frequencies and percentages. 

 Pearson or Spearman correlation coefficients were 

applied to explore associations between PLAP, Doppler 

values, and fetal outcome indicators. 
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  Group comparisons were made using independent t-

tests, Mann-Whitney U tests, or chi-square tests, 

depending on data type. 

 A p-value of less than 0.05 was considered statistically 

significant. 

 

A. SOP for Placental Alkaline Phosphatase (PLAP) 

Assay 

1. Objective 

To determine the concentration of Placental Alkaline 

Phosphatase (PLAP) in maternal serum as an indicator of 

placental metabolic status. 

 

2. Required Materials and Equipment 

 Sterile venipuncture tools needles, syringes, 

vacationers. 

 Serum separator tubes (SST). 

 Bench-top centrifuge. 

 Validated ELISA kit specific to PLAP. 

 ELISA-compatible microplate reader. 

 Calibrated micropipettes and disposable tips. 

 Cold storage units: refrigerator and -20°C freezer. 

 Personal protective items (lab coat, gloves, face mask). 

 

3. Blood Collection Protocol 
1. Draw 5 mL of venous blood from the mother using 

aseptic technique. 

2. Leave the sample to clot at room temperature for 30 

minutes. 

3. Centrifuge the sample at 3000 rpm for 10 minutes to 

isolate the serum. 

4. Transfer the clear serum into labeled tubes and store at -

20°C until analysis. 

 

4. ELISA Assay Steps 

 Allow all reagents, standards, and samples to reach 

room temperature before starting. 

 Prepare standard solutions and controls according to the 

kit manual. 

 Dispense 100 µL of standards, controls, and test 

samples into ELISA wells in duplicate. 

 Incubate the microplate at 37°C as directed (generally 

1-2 hours). 

 Wash each well 3-5 times using the provided wash 

buffer. 

 Add enzyme conjugate and allow incubation. 

 Wash again, add substrate reagent, and incubate for 

color development. 

 Stop the reaction by adding stop solution. 

 Measure absorbance at 450 nm using the microplate 

reader. 

 

5. Data Processing 

 Construct a standard calibration curve using known 

PLAP concentrations. 

 Determine sample PLAP levels based on the 

absorbance values. 

 Use the average of duplicate readings for accuracy. 

 

6. Quality Assurance 

 Run positive and negative controls with every 

assay batch. 

 Confirm intra-assay consistency by repeating 

selected samples. 

 

B. SOP for Doppler Ultrasound Evaluation 

1. Objective 
To assess maternal-fetal blood circulation patterns by 

measuring Doppler indices from key uterine and fetal 

vessels. 

 

2. Equipment Required 

 Ultrasound system equipped with pulsed and color 

Doppler 

 3.5-5 MHz curvilinear abdominal transducer 

 Ultrasound gel 

 Image capturing and data entry software 

 

3. Patient Preparation 

 Explain the procedure to the participant and obtain 

verbal consent. 

 Position the patient semi-recumbently or supine with a 

slight left tilt to prevent inferior vena cava compression. 

 Apply coupling gel to the abdomen for proper signal 

conduction. 

 

4. Data Storage and Interpretation 

 Save waveform images and measurements 

electronically. 

 Compare findings with gestational age-specific normal 

ranges. 

 Identify abnormal flow patterns like increased PI or 

reversed end-diastolic flow. 

 

5. Quality Assurance 

 Ensure sonographers are trained and validated for 

consistency (inter- and intra-observer variation). 

 Use the same machine settings and transducer across all 

subjects to maintain standardization. 

 

C. Additional Notes 

 Timing Synchronization: Conduct PLAP blood 

sampling and Doppler examination as close together as 

possible to improve data correlation. 

 Patient Data: Record essential maternal and fetal 

parameters such as maternal age, BMI, gestational age, 

blood pressure, and fetal biometry. 

 Ethical Compliance: Maintain patient confidentiality 

and adhere to institutional ethical guidelines throughout 

the study. 

 

4. Placental Alkaline Phosphatase (PLAP) 

4.1 Biochemical Role and Function 

Placental Alkaline Phosphatase (PLAP) is a thermostable 

isoform of alkaline phosphatase that is predominantly 

synthesized by the syncytiotrophoblast of the placenta. It 

catalyzes the hydrolysis of phosphate esters, aiding in 

phosphate regulation and promoting the mineralization 

essential for fetal bone formation. PLAP also contributes to 

nutrient metabolism and transportation, both of which are 

critical for fetal development. Its expression rises 

progressively throughout gestation, making it a marker for 

placental maturation and metabolic activity. 
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 4.2 Clinical Importance 
PLAP levels naturally rise as pregnancy advances, 
especially during the third trimester, reflecting increasing 
placental demand and metabolic workload. Multiple clinical 
investigations have reported its association with fetal 
nutritional indicators such as: 

 Glucose and Insulin: Elevated maternal PLAP is often 
linked to increased glucose and insulin concentrations 
in cord blood, indicating efficient maternal-fetal 
nutrient exchange. 

 Amino Acids: A positive relationship exists between 
PLAP and essential amino acids like leucine and valine, 
supporting fetal protein synthesis. 

 Lipids: PLAP levels correspond with cord blood 
cholesterol and triglyceride levels, suggesting active 
lipid transfer. 

 Micronutrients: PLAP may play a role in transporting 
trace elements such as zinc and iron, which are vital for 
fetal blood formation and enzymatic function. 

 Due to these correlations, PLAP is under investigation 
as a supportive biomarker to evaluate fetal nutritional 
status and placental health, particularly in high-risk 
gestations. 

 

4.3 Limitations of PLAP 
Despite its promise, PLAP has several drawbacks:- 

 Low Specificity: PLAP levels may also be elevated in 
non-pregnancy-related conditions like liver dysfunction, 
skeletal disorders, or tobacco use, which can obscure 
interpretation. 

 Non-Dynamic Measurement: As PLAP is measured 
from a single blood sample, it provides a static view of 
placental status and cannot reflect real-time 
physiological changes. 

 Inter-Subject Variability: Factors like maternal BMI, 
ethnicity, age, and analytical variability between assays 
can influence PLAP levels, limiting its reliability as a 
universal screening tool. 
Consequently, while PLAP is a promising research tool, 
it is best utilized alongside other dynamic modalities 
such as Doppler imaging for comprehensive evaluation. 

 

5. Doppler Ultrasound 

5.1 Basic Principle and Types 
Doppler ultrasound is a non-invasive technique that utilizes 
the Doppler Effect to evaluate blood flow within the 
maternal and fetal vascular systems. When ultrasound waves 
encounter moving red blood cells, the reflected wave 
undergoes a frequency shift that is proportional to the 
velocity of flow. This principle enables real-time assessment 
of both the speed and direction of circulation 

 

Common fetal and maternal vessels examined include: 

 Uterine arteries: Assess maternal blood delivery to the 
placenta 

 Umbilical artery: Indicates placental resistance and 
fetal blood flow 

 Middle cerebral artery (MCA): Evaluates brain 
perfusion and oxygenation 

 Ductus venosus: Reflects fetal cardiac output and 
central venous pressure 

 

5.2 Clinical Applications 

Doppler ultrasound is routinely used in prenatal 

medicine for the following purposes: 

 Early detection of placental dysfunction before 

symptoms become evident. 

 Monitoring fetal oxygen supply and nutrient delivery 

 Predicting complications such as IUGR, preeclampsia, 

anemia, and fetal demise. 

 Guiding obstetric decisions regarding timing and mode 

of delivery in complicated pregnancies. 

 

5.3 Advantages of Doppler 

 Non-invasive and safe for repeated use during 

pregnancy 

 Offers real-time assessment of placental and fetal 

circulatory health 

 Enables serial monitoring for tracking changes over 

time. 

 Widely accepted and validated in clinical practice. 

 

5.4 Limitations 

 Operator Dependency: Results are influenced by the 

sonographer’s expertise and technique. 

 Technical Requirements: Requires access to advanced 

ultrasound machines, which may not be available in all 

healthcare settings. 

 Subjective Interpretation: Waveform analysis and index 

evaluation may vary between observers. 

Even with these limitations, Doppler ultrasound 

remains an indispensable diagnostic tool in modern 

obstetric care due to its ability to provide dynamic 

insights into placental and fetal circulation. 

 

6. Comparative Evaluation of PLAP and Doppler 

Ultrasound 

6.1 Mechanistic Contrast 

Placental Alkaline Phosphatase (PLAP) and Doppler 

ultrasound function via entirely different mechanisms. 

PLAP is a biochemical enzyme marker, produced by the 

placental syncytiotrophoblast that reflects the metabolic 

activity and developmental status of the placenta at a fixed 

point in time. It provides a static measure of placental 

condition. In contrast, Doppler ultrasound operates on the 

Doppler principle of wave reflection, offering a real-time, 

visual assessment of blood flow within the maternal-fetal 

circulation. It enables continuous observation of vascular 

resistance and perfusion efficiency, making it more 

dynamic. 

 
Table 1: Compares PLAP and Doppler ultrasound based on their 

basis, primary function, and data characteristics. 
 

Feature PLAP Doppler Ultrasound 

Basis 
Enzyme-based 

(biochemical) 
Doppler shift wave reflection 

Primary 

Function 

Assesses 

metabolic activity 

Measures blood flow and 

perfusion 

Nature of data Static/single-point 
Dynamic/real-time and 

repeatable 

 

6.2 Clinical Utility 

From a clinical standpoint, Doppler ultrasound is more 

versatile and diagnostic in managing pregnancies, especially 

high-risk cases. PLAP is mainly useful in research or as a 

supportive screening biomarker. Due to its biochemical 

nature, PLAP lacks the sensitivity to serve as a standalone 

tool for diagnosing fetal or placental complications. In 

contrast, Doppler imaging provides early detection of 
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 complications like IUGR and preeclampsia, and its 

repeatability allows for ongoing monitoring. It directly 

influences clinical decision-making regarding timing of 

delivery and intervention. 

 
Table 2: Highlights the differences between PLAP and Doppler 

ultrasound in screening, diagnosis, prediction, and monitoring 

during pregnancy. 
 

Feature PLAP Doppler Ultrasound 

Role in Screening Limited Extensive 
especially in high-risk 

cases 

Diagnostic Capability No Yes 

IUGR Prediction Low sensitivity High sensitivity 

Preeclampsia 

Prediction 

Indirect association 

artery PI 

Direct correlation 

with uterine 

Monitoring/Repeat 

Use 

Static, single-use 

evaluation 

Yes, repeatable for 

dynamic 

 

6.3 Evaluation of fetal nutrition 

PLAP serves as a biochemical reflection of nutrient 

exchange, with correlations to glucose, amino acids, lipids, 

and trace minerals in the fetal circulation. Doppler 

ultrasound, though unable to measure nutrient 

concentrations directly, offers valuable information on 

blood flow adequacy to critical fetal organs, especially the 

brain. This hemodynamic assessment is key to 

understanding nutrient delivery efficiency, particularly in 

growth-restricted or compromised fetuses. 

 
Table 3: Compares PLAP and Doppler ultrasound as nutritional 

indicators, focusing on their ability to assess glucose, amino acids, 

oxygenation, and lipid/micronutrient transfer. 
 

Nutritional Indicator PLAP Doppler Ultrasound 

Glucose/Amino Acid 

Correlation 

Directly linked to 

PLAP levels 

Indirect via blood 

flow to organs 

Oxygenation Status Not assessed 
Yes (e.g., MCA 

perfusion) 

Lipid/Micronutrient 

Transfer 

Supported by clinical 

research composition 

Cannot assess 

biochemical 

 

7. Limitations of Doppler Ultrasound 

While Doppler ultrasound is a leading tool in obstetric 

imaging, several limitations must be considered for 

appropriate interpretation. 

 

1. Operator Dependency 

 Diagnostic accuracy is heavily influenced by the 

sonographer’s skill. 

 Poor probe positioning, incorrect angles, or 

misinterpretation of waveforms can result in inaccurate 

findings. 

 Inter-observer variation can impact reproducibility, 

especially with marginal changes in indices. 

 

2. Equipment and Infrastructure Challenges 

 Doppler-enabled ultrasound systems are costly and may 

not be readily available in rural or resource-limited 

settings. 

 Regular calibration and maintenance are needed for 

precision, which requires trained technical support. 

 Limited portability makes wide-scale screening less 

feasible. 

 

3. Variability in Interpretation  

 Doppler indices such as PI, RI, and S/D ratio can be 

influenced by maternal posture, fetal movement, 

gestational age, and even diurnal variation. 

 There is no universal cut-off for many Doppler 

parameters, making borderline cases harder to classify. 

 

4. Limited Nutritional Insight  

 Doppler only assesses hemodynamics, not biochemical 

nutrient levels. 

 It cannot quantify glucose, lipids, amino acids, or 

minerals in the fetal bloodstream. 

 For full nutritional evaluation, Doppler must be 

combined with biochemical tests such as PLAP levels 

or cord blood assays. 

 

5. Not fully predictive in all cases:- 

 Subtle placental dysfunction may not manifest in 

Doppler readings until late. 

 Some growth-restricted fetuses may show normal 

Doppler results, limiting predictive reliability in early 

stages. 

 

8. Conclusion  

Monitoring placental function is a fundamental aspect of 

prenatal care, particularly in high-risk pregnancies where 

fetal health is more vulnerable. This study provides a 

comparative overview of two tools used for placental and 

fetal assessment: Placental Alkaline Phosphatase (PLAP) 

and Doppler Ultrasound. Doppler ultrasound stands out as a 

clinical gold standard due to its ability to provide non-

invasive, real-time evaluations of placental and fetal blood 

flow. It generates critical ratio, enabling early detection of 

issues like IUGR, fetal hypoxia, and preeclampsia. Its 

reproducibility and accuracy make it highly effective for 

managing high-risk cases and determining timely 

intervention. On the other hand, PLAP offers a biochemical 

dimension, reflecting placental maturity and metabolic 

function. Its association with key fetal nutrients in cord 

blood highlights its potential as a marker of fetal nutritional 

status. However, PLAP’s clinical use is limited due to lack 

of specificity, static nature, and susceptibility to non-

placental influences. The findings of this comparative 

analysis suggest that Doppler ultrasound remains the 

preferred clinical tool, while PLAP serves as a 

complementary research marker, especially in settings 

where real-time imaging may not be feasible. Future 

research should aim to develop integrated diagnostic 

protocols combining imaging with biochemical markers like 

PLAP to provide a comprehensive evaluation of fetal and 

placental health. 
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