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Abstract: 

The objective of this study is to compare between 2D and 4D Ultrasound in the detection of the causes 

of Oligohydramnios. A total 100 pregnant women with oligohydraminos were included in this study. 

The results showed that 6 cases (6.0%) had positive TORCH infection and the examined fetuses were 

abnormal in 36 cases (36.0%). Causes for oligohydraminos were detected in 37 cases (37.0%) and the 

most common detected cause was autosomal recessive polycystic kidney in 13 cases (35.2%) followed 

by bilateral multicystic dysplastic kidney in 8 cases (21.6%) and posterior urethral valve in 6 cases 

(16.2%) and obstructive uropathy was recorded in 4 cases (10.8%) however, 3 cases, 2 cases and 1 

case was recorded for bilateral renal agenesis, Meckle Gruber syndrome and unilateral renal aplasia, 

respectively. The mean duration of examination was significantly higher in 4D compared to 2D. 

Thermal index was slightly lower in 4D while in contrary, mechanical index was significantly higher 

in 4D compared to 2D. In detection of fetal causes for oligohydraminos, the 2D ultrasound had a 

sensitivity of 94.6%, specificity of 100%, PPV was 100%, NPV was 96.9% and the accuracy was 

98.0%. While, the 4D ultrasound had a sensitivity of 97.3%, specificity of 100%, PPV was 100%, 

NPV was 98.7% and the accuracy was 98.7%. In conclusion, both 2D and 4D US are equally effective 

in detecting causes of oligohydramnios but, the difference between the two procedures was not 

statistically significant "with a slight preference for 4D US". 
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1. Introduction 
 

Amniotic fluid (AF) surrounds the fetus 

after the first few weeks of gestation and it 

functionally protects the fetus and the 

umbilical cord from trauma and compression 

and in addition, it has anti-bacterial effects and 

provides the necessary conditions for normal 

development of fetal organs [1]. 

Oligohydramnios is a condition in 

pregnancy that have been associated with 

many adverse outcomes, it is defined as 

deficiency of amniotic fluid to less than 5
th

 

percentile volume expected for gestational age 

and its rate have been reported between 0.5-

8.0% [2,3]. It has been reported that patients 

with Oligohydramnios in the second trimester 

have a higher prevalence of structural 

malformation compared to those in the third 

trimester (50.7% vs. 22.1%) [4].  

A dramatic improvement in the 

evaluation of fetal anomalies was achieved by 

using Three and Four-dimensional ultrasounds 

[5].  

Many fetal causes of Oligohydramnios 

were reported including renal agenesis, 

autosomal dominant polycystic kidney, 

bilateral multicystic kidney, hydro-nephrotic 

changes of fetal kidneys, posterior urethral 

valve obstruction, obstructive cystic dysplasia, 

impaired feto-maternal circulation and Meckel 

Gruber syndrome [6].  

Detailed fetal ultrasound examination is 

crucial for the detection of renal and extra-

renal causes of Oligohydramnios [7]. In 

addition, prenatal determination of birth 

defects is advantageous and desirable because 

the care of disabled and handicapped persons 

is a significant healthcare burden that facing 

both the mother and the community [8].  

The application of 3D/4D 

ultrasonography continues to develop and 

becomes ever more available for accurate and 

early detection of fetal anomalies, 3D/4D 

ultrasound gives a volumetric database and 

allows the investigator to visualize organs of 

the fetus in multi-planar and rendered pattern 

and to present planes that could not be 

evaluated by 2D ultrasound [9].  

Detailed renal scan by chrome 

colorization acts a vital role in the evaluation 

of the renal size and site in addition to cortico-

medullary differentiation using 3D and 4D US 

volume contrast images. Also, the inversion 

mode plays a key role to differentiate between 

cyst and hydronephrotic changes with accurate 

determination of the hydronephrosis and its 

level [10].  

Fetal renal scan in addition to duplex 

evaluation in associate with 3D and 4D US 

plays important role in the evaluation of the 

causes of Oligohydramnios for rapid judgment 
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and to early ascertain of lethal causes without 

let the mother carries such burdens [11].  

The objective of this study is to 

compare between 2D and 4D Ultrasound in the 

detection of causes of Oligohydramnios. 

 

2. Patients and methods 

This is an observational study that was 

carried out at Kasr El-Aini and Beni-suef 

University Hospitals during the period of 9 

months (from March to December 2019). The 

study included a total of 100 pregnant women 

with oligohydraminos who were attending the 

mentioned hospitals during the study period. 

Informed consents were obtained from all 

patients. During the study period, cases of 

Oligohydramnios were selected by doing a 

percentile curve of assessment of amniotic 

fluid for them according to [12]. 

2.1 Inclusion criteria:  

1) All singleton pregnancies with gestational age 

> 20 weeks. 

2) Oligohydramnios detected by USG (less than 

5
th

 percentile curve). 

3) Membranes are intact . 

4) Pregnant women or their legally acceptable 

representative willing to provide their 

voluntary written informed consent for 

participation in the study. 

 

 

 

2.2 Exclusion criteria:  

1) Premature rupture of membrane (PROM), 

uterine anomaly, multiple gestation, placental 

insufficiency and high risk pregnancy. 

2) Chronic renal or cardiac disease and 

hypertensive disorders of pregnancy. 

All included women were subjected to: 

A. Full history taking: including personal 

history (Name, age, education level, residence, 

consanguinity, history of medications, etc..), 

past history of chronic medical disorders and 

obstetric history including parity, mode of 

delivery of the previous pregnancies, either 

spontaneous or instrument-assisted or by 

cesarean section.  

B. Clinical examination: including 

1) General examination, local, physical 

examination and measurements (weight, 

respiration rate and heart rate, routine obstetric 

examination, anomaly scan and assessment of 

amniotic fluid).  

2)  Diagnosis by 2D and 4D Ultrasonography: 

The used device was TOSHIBA Xario 200 ® 

diagnostic ultrasound equipment. All cases 

were subjected to the following: 

● Detailed anomaly scan with complete fetal 

survey for evaluation of the brain, neck, chest 

abdomen, spine as well as both upper and both 

lower limbs. 

●  Detailed renal scan including: 
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a) Evaluation of the kidney for size and 

echogenicity: Fetal kidneys were identified. 

b) Renal pelvis evaluation. 

c) 2 D and 4D US renal evaluation: Fetal 

kidneys and bladder were analyzed in all 3 

planes (X, Yand Z) in 3D multiplanar mode 

in order to confirm urinary tract anomaly and 

obtain volumetric data. Inversion mode of 2D 

and 4DUS examination was used to detect 

hydronephrotic changes [13].  

Statistical methodology: 

All statistical analyses were performed using 

Statistical Package for Social Science (SPSS) 

version 21 under windows 7 operating system. 

Results were expressed as means ± SD for 

quantitative data and by No. (%) for qualitative 

data. Comparisons for parametric quantitative 

data were done by Student’s t test and by 

Mann-Whitney test for Non-parametric data. 

Chi-Square test was used for comparisons 

regarding qualitative data or fisher exact test 

when appropriate. Probability level (P-value) 

was assumed significant if less than 0.05 and 

highly significant if P-value was less than 0.01.  

 

3.  Results: 

 The mean age of them was 26.3 ± 5.2 ranged 

between 18:40 years and the majority of them 

(87.0%) were > 20-35 years, 59 cases (59.0%) 

were from rural areas and 31 cases had positive 

consanguinity. Regarding parity, 42 cases were 

primigravida and 58 cases were multigravida 

(Table, 1). Of the total 100 included cases, 6 

cases had positive TORCH infection (fig. 1). 

The examined fetuses were normal in 64 cases 

(64.0%) and were abnormal in 36 cases 

(36.0%) (fig. 2). 

The results presented in table (2) 

showed that no cause was detected for 

oligohydraminos in 63 cases (63.0%) however, 

there were detected causes in the rest of 37 

cases (37.0%). Of the 37 cases, the most 

common cause of oligohydraminos in our study 

was autosomal recessive polycystic kidney in 

13 cases (35.2%) followed by bilateral 

multicystic dysplastic kidney (in 8 cases, 

21.6%) and posterior urethral valve in 6 cases 

(16.2%) and obstructive uropathy was recorded 

in 4 cases (10.8%) however, 3 cases, 2 cases 

and 1 case was recorded for bilateral renal 

agenesis, Meckle Gruber syndrome and 

unilateral renal aplasia, respectively. The 

results of our study revealed that 2D and 4D US 

are equally effective in detecting causes of 

oligohydramnios. 

The mean duration of examination 

was significantly higher in 4D US compared to 

2D (2.8 ± 1.1 vs.  2.2 ± 1.8 minutes, P≤ 0.01). 

Thermal index was slightly "non significant" 

lower in 4D while in contrary, mechanical 

index was significantly higher in 4D compared 

to 2 D (1.16 ± 0.26 vs. 0.78± 0.24, P≤ 0.01), 

(Table, 3). The results showed that the 4D 

ultrasound detected 36 cases (97.3%) of the 
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total of 37 cases with fetal cause for 

oligohydraminos while, the 2D ultrasound 

detected 35 cases (94.6%) and this difference 

was not significant (p=0.56). In cases with 

autosomal recessive polycystic kidney (n=13), 

both 2D and 4D ultrasound detected 12 cases 

(92.3%) of them. While, in cases with bilateral 

renal agenesis (n=3), the 4D ultrasound 

detected all of them while the 2D ultrasound 

only detected 2 cases of them (fig. 3). Figure 

(4) showed congenital hydronephrosis and 

hydroureter by 2D and 4D. 

 

In detection of fetal causes for 

oligohydraminos, the 2D ultrasound had a 

sensitivity of 94.6%, specificity of 100%, PPV 

was 100%, NPV was 96.9% and the accuracy 

was 98.0%. While, the 4D ultrasound had a 

sensitivity of 97.3%, specificity of 100%, PPV 

was 100%, NPV was 98.7% and the accuracy 

was 98.7% (Table, 4). These results 

demonstrated that both 2D and 4D US are 

equally effective in detecting causes of 

oligohydramnios and the difference between 

the two procedures was not statistically 

significant. 

 

 

Table (1): Baseline characteristics of all included cases. 

 

Variable 
Descriptive  

(n=100) 

Age (year) 26.3 ± 5.2 (18-40) 

Age < 20 years 8 (8.0%) 

> 20-35 87 (87.0%) 

> 35 5 (5.0%) 

Residence Urban 41 (41.0%) 

Rural 59 (59.0%) 

Consanguinity Negative 69 (69.0%) 

Positive 31 (31.0%) 

Parity Primigravida 42 (42.0%) 

Multigravida 58 (58.0%) 

 

Quantitative data were presented as mean ± SD (range). Qualitative data were presented as No. (%). 
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Table (2): Fetal cause for oligohydraminos and types of anomalies. 

 

Variable 
Descriptive  

(n=100) 

Cause for 

oligohydraminos 

Not found 63 (63.0%) 

Found 37 (37.0%) 

Types of causes with 

anomalies (n=37) 

Autosomal recessive polycystic 

kidney 
13 (35.2%) 

Bilateral multicystic dysplastic 

kidney 
8 (21.6%) 

Posterior urethral valve 6 (16.2%) 

Obstructive uropathy 4 (10.8%) 

Bilateral renal agenesis 3 (8.1%) 

Meckle Gruber syndrome 2 (5.4%) 

Unilateral renal aplasia 1 (2.7%) 

 

 

Table (3): Comparison between 2D and 4D regarding examination duration and acoustic output. 

 

Variable 2D 4D 
P. value 

(Sig.) 

Examination duration (min) 
2.2 ± 1.8  

(1.5–5) 

2.8 ± 1.1  

(2–6.5) 
<0.01** 

Thermal index (TI) 
0.31± 0.12  

(0.12–0.65) 

0.28 ± 0.11  

(0.13–0.52) 
0.07

NS
 

Mechanical index (MI) 
0.78± 0.24  

(0.4–1.4) 

1.16 ± 0.26  

(0.6–1.4) 
<0.01** 

 

NS   Not significant.          **         Significant (P≤ 0.01). 
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Table (4): Sensitivity, specificity, PPV, NPV and diagnostic accuracy of 2D and 4D. 

 

Parameter 
Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Diagn. 

Accuracy (%) 

2D US 94.6 100 100 96.9 98.0 

4D US 97.3 100 100 97.4 98.7 

 

 

 

 

  

Figure (2): Normal and abnormal fetuses with 

oligohydraminos. 

Figure (1): TORCH infection in all cases. 
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Figure (3): Detection of fetal cause for oligohydraminos and types of anomalies. 

 

 

  

 

Figure (4): Congenital hydronephrosis and hydroureter by 2D and 4D. 
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4. Discussion:  

Oligohydramnios is an adverse 

pregnancy condition that is associated with fetal 

anomaly and its rate was reported between 0.5-

8.0% [3].  

Many maternal conditions were reported 

to be associated with Oligohydramnios such as 

hypertension, preeclampsia, uteroplacental 

insufficiency, diabetes, chronic hypoxia, PROM, 

in addition to dehydration and post-term 

gestation [14].  

In addition, many fetal causes of 

Oligohydramnios were reported including renal 

agenesis, autosomal dominant polycystic kidney, 

bilateral multicystic kidney, hydro-nephrotic 

changes of fetal kidneys, impaired feto-maternal 

circulation and Meckel Gruber syndrome [6]. 

The invention of 3D and 4D US had 

made a significant improvement in the 

evaluation of fetal anomalies over the 2D US. 

The current study aimed to compare between 2D 

and 4D Ultrasound in the detection of the causes 

of Oligohydramnios. To achieve this aim, a total 

100 pregnant women with oligohydraminos were 

included. To the best of our knowledge, few 

studies worked in the comparison between 2D 

and 4D US in the detection Oligohydramnios 

causes. 

In our study, the mean age of the 

included cases was 26.3 ± 5.2 years and the 

majority of them (87.0%) were between 20-35 

years. In addition, 31 cases had positive 

consanguinity, 58 cases were multigravida and 6 

cases (6.0%) had positive TORCH infection. 

Similar to our findings, Figueroa et al. [15] 

found that 70% of women with oligohydramnios 

had the age between 25:35 years and 52% of 

them were multigravida. Additionally, Pasquini 

et al. [16] reported that consanguinity was 

significantly related to oligohydramnios and 

TORCH infection was found in a small 

percentage of cases with oligohydramnios. Also, 

Mohammed et al. [17] found a strong 

relationship between consanguinity and 

oligohydramnios. 

The current results showed that the 

fetuses were abnormal in 36 cases (36.0%) and 

the causes for oligohydramnios were detected in 

37 cases (37.0%) and the most common cause of 

oligohydraminos was autosomal recessive 

polycystic kidney in 13 cases (35.2%) followed 

by bilateral multicystic dysplastic kidney (in 8 

cases, 21.6%) and posterior urethral valve in 6 

cases (16.2%) and obstructive uropathy was 

recorded in 4 cases (10.8%) however, 3 cases, 2 

cases and 1 case was recorded for bilateral renal 

agenesis, Meckle Gruber syndrome and 

unilateral renal aplasia, respectively. Also, the 

results of our study revealed that 2D and 4D US 

are almost similar in detecting these causes of 

oligohydramnios. Similar to our findings, Adel 

et al. [5] evaluated the role of 3D and 4D US in 

detection of fetal causes of oligohydraminos. 

They found no fetal causes for oligohydraminos 
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were detected in about Two-thirds of cases. 

Autosomal recessive polycystic kidney disease 

(ARPKD), Potter type I) was the commonest 

fetal cause for oligohydraminos in about 24.0% 

of patients followed by bilateral multicystic 

dysplastic kidney (Potter type II) in 19% patients 

while, unilateral renal aplasia was the lowest 

cause. They concluded that both 3D and 4D 

ultrasounds are effective in detecting fetal causes 

of oligohydraminos and early determination of 

lethal causes. It has been reported that fetal 

causes of Oligohydramnios include renal 

agenesis, autosomal dominant polycystic kidney, 

bilateral multicystic kidney, hydro-nephrotic 

changes of fetal kidneys, posterior urethral valve 

obstruction, obstructive cystic dysplasia, 

impaired feto-maternal circulation and Meckel 

Gruber syndrome [6, 18]. 

Oligohydramnios with bilateral renal 

disease indicates significant fetal renal 

dysfunction and is a risk factor for the 

development of pulmonary hypoplasia [19]. The 

detailed renal scan was beneficial in the 

detection of fetal abnormalities seen in the renal 

parenchyma [20]. In addition, impaired 

fetoplacental circulation is the main cause of 

growth restriction as well as oligohydraminos 

and also, obstructive uropathy is one of the 

important causes of oligohydraminos [21].  

In a study by Brace, [22], they found that 

bilateral renal agenesis belongs to a group of 

prenatally lethal renal diseases and often 

detected by fetal ultrasound because of 

oligohydramnios. Furthermore, it has been 

reported that 3D and 4D US play an important 

role in the evaluation of skull defects especially 

if the defect is in an unattainable plane [18, 23]. 

Using the amniotic fluid index to identify 

oligohydramnios in at-risk pregnancies is a 

better choice because it leads to an increase in 

the diagnosis of oligohydramnios [24]. A careful 

fetal structural survey is necessary in the case 

of oligohydramnios because of the possibility of 

a previously unrecognized anomaly "especially 

renal" [25]. Recently, Figueroa et al. [15] 

reported that polycystic kidney disease could 

cause prenatal renal impairment, in which cysts 

form in normally developing kidneys, making 

them appear cystic and echogenic upon the 

ultrasound. Two forms were detected: autosomal 

dominant and autosomal recessive, the latter 

manifests as large hyperechogenic kidneys and 

oligohydramnios, and can be lethal [26]. On 

contrary, autosomal dominant polycystic kidney 

disease manifests later in life and typically is not 

found on prenatal ultrasound, although cyst 

formation begins in utero [25].  

Severe oligohydramnios may cause in 

deformation syndromes such as craniofacial 

deformities and limb defects, although detection 

is often because inadequate fluid results in a 

poor acoustic window and the fetus may have 

Potter facies (a silk stocking effect) with 

https://www.sciencedirect.com/topics/medicine-and-dentistry/oligohydramnios
https://www.sciencedirect.com/topics/medicine-and-dentistry/autosomal-dominant-inheritance
https://www.sciencedirect.com/topics/medicine-and-dentistry/autosomal-dominant-inheritance
https://www.sciencedirect.com/topics/medicine-and-dentistry/autosomal-recessive-inheritance
https://www.sciencedirect.com/topics/medicine-and-dentistry/craniofacial-malformation
https://www.sciencedirect.com/topics/medicine-and-dentistry/craniofacial-malformation
https://www.sciencedirect.com/topics/medicine-and-dentistry/limb-defect
https://www.sciencedirect.com/topics/medicine-and-dentistry/facies
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flattened nose and low-set, flattened, enlarged 

external auricles [27].  

In the current study, in the detection of 

fetal causes for oligohydraminos, the 2D 

ultrasound had a sensitivity of 94.6%, specificity 

of 100%, PPV was 100%, NPV was 96.9% and 

the accuracy was 98.0%. While, the 4D 

ultrasound had a sensitivity of 97.3%, specificity 

of 100%, PPV was 100%, NPV was 98.7% and 

the accuracy was 98.7%. Both 2D and 4DUS are 

equally effective in detecting causes of 

oligohydramnios and the difference between the 

two procedures was not statistically significant 

with a slight preference for 4D US. In a study by 

Kurjak et al. [28], who reviewed and analyzed 

the published literature on the use of 3D and 4D 

US in perinatal medicine including 438 studies. 

They found that 3D and 4D US provided 

additional information for the diagnosis of facial 

anomalies and evaluation of neural tube defects 

in addition to skeletal malformations. However, 

in a study done by Gonçalves et al. [29] on 99 

fetuses where fetuses were first evaluated with 

3D/4D and later with 2D ultrasound; 54 normal 

and 45 anomalous fetuses were detected by 2D 

US. They found that the sensitivity was 96% in 

2D and 92% in 3D/4D when compared with 

postnatal diagnosis; specificity was 73% in 2D 

and 76% in 3D/4D and they concluded that no 

statistically significant difference was found 

between procedures. On the other hand, Öcal et 

al. [30] evaluated 1379 pregnant women with 2D 

and 4D ultrasound, they detected 194 anomalies 

among 174 pregnancies, and 2D US was found 

to be superior in detecting anomalies compared 

to 4D (p<0.001). It has been reported that 

ultrasound detects fetal obstructive 

uropathy with a sensitivity of 95% and 

specificity of 80% [31].  

In a previous study included 204 patients, 

3D US achieved a 62% advantage in showing 

fetal defects; 36% of the patients had the same 

information in 2D US and 2% of the patients 

were found to have disadvantages when imaged 

with 3D [32]. It has been reported that 3D/4D 

provided many advantages in fetal imaging; also 

contributed to improve the accuracy of 2D fetal 

screening [33].  

Also, Kırmızı, [34] reported that 2D US 

is an integral component of 3D/4D technology 

and the latter will not be able to take its place, 

but they provide significant additional benefits to 

2D. Besides this, the superiority of 4D 

ultrasound for the detection of movement and 

general surface anomalies is certain. 

 
 

5. Conclusion: 

In conclusion, both 2D and 4D US are 

equally effective in detecting causes of 

oligohydramnios and the difference between 

the two procedures was not statistically 

significant "with a slight preference for 4D 

US". In the detection of fetal causes for 

oligohydraminos, the 2D ultrasound had a 

https://www.sciencedirect.com/topics/medicine-and-dentistry/obstructive-uropathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/obstructive-uropathy
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sensitivity of 94.6%, specificity of 100% and 

the accuracy was 98.0%. While, the 4D 

ultrasound had a sensitivity of 97.3%, 

specificity of 100% and the accuracy was 

98.7%. Finally, further research and larger 

studies are warranted to confirm our results. 
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