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Aims: The purpose of this study was to study the feasibility of inclusion of 3-vessel view (3-VV) of the fetal upper 
mediastinum in routine fetal anomaly screening; and to study the size relationship of these vessels namely, main pulmonary 
artery (MPA), ascending aorta (AA) and the superior venacava (SVC) in fetuses between 17 and 24 weeks of pregnancy by 
antenatal ultrasound. 

Methods: This was a prospective cross sectional study involving 106 pregnant ladies between 17 and 24 weeks of gestation. 
The time burden to the examination due to addition of 3-VV in routine anomaly screening was recorded. The relationships 
of the three great vessels of the fetal upper mediastinum were studied and their diameters were obtained. Regression 
equations were used to construct the reference ranges for all the parameters of statistical significance. 

Results: The 3-VV could be easily obtained in all but eight patients within five minutes (the difficulty in these eight patients 
was due to fetal position). The MPA, AA and SVC were aligned in a straight line from left to right respectively, the MPA 
being the largest vessel, the SVC being the smallest vessel and the AA having an intermediate diameter. All of these three 
vessels showed significant correlation of size with advancing gestational age.

Conclusions: 3-VV is easily obtained in fetuses at the time of routine anomaly screening. This should be routinely included 
in the screening ultrasound of fetal heart along with the four-chamber view to detect the anomalies of the outflow tract.
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INTRODUCTION
Congenital heart disease is the most common form 
of severe congenital abnormality with an incidence 
of 4-8/1000 live births.1-4 The four-chamber view, 
the examination used in routine cardiac screening, 
detects only upto 60% of the cardiac anomalies5-7 
missing the anomalies involving the great vessels 
and outflow tracts.4, 8-16 These anomalies could be 
detected by detailed longitudinal views8, 11, 17-19 but, 
such an examination is time consuming and requires 
expertise.8-10, 14, 20, 21

The 3-vessel view (3-VV), introduced by Yoo et 
al22,23 is an axial view of the fetal upper mediastinum 
where the main pulmonary artery, ascending aorta 

and superior venacava are aligned in a straight line 
from the left to right. The primary advantage of this 
methodology is the shorter time required to visualize 
the great vessels and outflow tracts compared to the 
traditional long-axis view.22, 23

In Nepalese context as well, the problems with 
evaluation of outflow tracts could be overcome by 
including 3-VV in routine cardiac screening. So this 
study is being undertaken to study the feasibility of 
inclusion of the 3-VV in routine antenatal anomaly 
screening. The spatial arrangement and diameters of 
the vessels will also be studied.

METHODS
This was a prospective cross sectional study 
involving uncomplicated 106 singleton pregnancies 
between 17 and 24 weeks of gestation referred for 
routine obstetric ultrasonographic examination. 
Medical ethics committee, Institute of Medicine, 
approved the study protocol and all the participants 
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gave prior informed consent. Study was conducted in 
the Department of Radiology, Tribhuvan University 
Teaching Hospital from September 2008 to August 
2009.

Singleton pregnancies with period of gestation 
between 17 to 24 weeks determined by reliable last 
menstrual period or ultrasound examination before 
20 weeks of gestation without any complication in the 
current pregnancy or known risk factors of adverse 
pregnancy outcome were included in the study. 
Pregnancies with undetermined period of gestation, 
maternal smoking, multiple pregnancies, diagnosed 
fetal abnormality in current pregnancy, pre-existing 
medical condition (such as hypertension, diabetes 
mellitus, renal disease) and women not willing to 
give consent for the examination were excluded from 
the study.

The study was carried out with a 3.5MHz curvilinear 
probe in Toshiba Nemio ultrasound machine (Toshiba 
Corporation, Japan) by single examiner. All patients 
were examined in supine position. The three-vessel 
view was acquired by sliding the transducer cephalad 
from the four-chamber plane, which showed round 
cross-sections of the AA and SVC and an oblique 
section of the MPA. In this plane, the MPA, AA, 
and SVC are arranged in a straight line from the 
left anterior mediastinum to the right posterior 
mediastinum. Once a satisfactory three-vessel view 
was acquired, the image was magnified, and then the 
sizes of the great vessels were measured by placing 
the electronic calipers from the inner-to- the inner 
wall. The visibility of the 3-VV and the mean time 
added to the examination due to addition of this 
parameter in the routine anomaly scan, the diameters 
of the three vessels and the relationship of these 
vessels in the mediastinum were recorded. 

Data obtained were compiled and analyzed using 
standard statistical analysis. SPSS 16.0 was utilized 
for the data analysis. Feasibility of visualization 
of 3–VV and mean time required for the same 
were recorded. Pierson correlation was used to see 
the relation of diameter of the three vessels with 
advancing gestational age. Reference values for the 
diameter of the three vessels were obtained for the 
gestational ages between 17 and 24 weeks. Linear 
regression was performed and regression equations 
were obtained for the different parameters. 

RESULTS
The three vessels (main pulmonary artery, ascending 
aorta and superior venacava) were studied in 106 
singleton pregnancies meeting the inclusion criteria. 

Figure 1. Three- vessel view of the fetal heart.              
A-anterior, P-posterior, R-right, L-left, MPA- 
Main pulmonary artery, AA-Ascending aorta, 
SVC- Superior venacava.

Maximum numbers of pregnancies were between 
20 - 24 weeks (14.15% each) and minimum numbers 
(9.43% each) were in 17 and 19 weeks. 8.49% were 
primi gravida whereas 41.51% were multi gravida. 
Maternal age ranged from 18 to 32 years (mean-24 
years). Highest numbers of patients were in the age 
of 22 years.

Feasibility of the visualization of 3-VV

Of the total 106 pregnancies, the ultrasound study 
had to be repeated in 8 patients after an interval of 
half to one hour due to difficulties of the visualization 
in prone and prone oblique fetal position, the vessels 
being obscured by the fetal spine in such cases. In all 
other cases, the 3-VV was obtained in less than five 
minutes.

Correlation with period of gestation

All of the three vessels showed a significant positive 
correlation of size with advancing gestational 
age (Table1). The main pulmonary artery showed 
the highest correlation (r= 0.882) with advancing 
gestational age.

Subedi et al.Three-Vessel View in Fetal Cardiac Screening
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Table 1. Correlation of diameter of three vessels with 
gestational age (n=106).

Parameters (in 
millimeters)

 Pierson 
Correlation (r) 
with period of                 
gestation

 p value

Main pulmonary 
artery 

                                     
0.882

0.001

Ascending aorta  0.843 0.001

Superior venacava 0.725 0.001

Reference values

Gestational age specific mean values with standard 
deviations and the percentile values (5th, 50th and 
95th) were calculated for all of the three vessels 
(Tables 2, 3 and 4). 

The main pulmonary artery was the largest vessel 
with a diameter of 2.54±0.35 mm at 17 weeks of 
gestation, increasing to 5.56±0.60 mm at 24 weeks. 
The superior venacava was the smallest vessel with a 
diameter of 1.36±0.25 mm at 17 weeks, increasing to 
2.76±0.49 mm at 24 weeks. The ascending aorta had 
an intermediate size between these vessels.

Table 2. Mean, standard deviations and the percentiles 
(5th, 50th and 95th) for diameter main 
pulmonary artery (n=106).

G.A.
(weeks)

Mean ± SD in 
mm

            Percentile
 5             50                95
           (median)       

17 2.54 ± 0.35 2.00 2.55 3.10

18 3.10 ± 0.31 2.60 3.10 3.80

19 3.43 ± 0.47 2.90 3.30 4.30

20 3.92 ± 0.38 3.40 3.90 4.80

21 4.32 ± 0.62 3.40 4.30 5.40

22 4.62 ± 0.54 3.90 4.60 5.80

23 5.06 ± 0.55 4.30 5.0 6.30

24 5.56 ± 0.60 4.70 5.60 6.90

Table 3. Mean, standard deviation and the percentiles 
(5th, 50th and 95th) for diameter of ascending 
aorta (n=106). 

G.A.
(weeks)

Mean ± SD 
in mm

               Percentile
 5               50                95
             (median)       

17 2.27 ± 0.31 1.70 2.30 2.80

18 2.76 ± 0.29 2.30 2.70 3.40

19 3.00 ± 0.38 2.50 2.90 3.70

20 3.30 ± 0.34 2.80 3.30 4.10

21 3.62 ± 0.49 3.00 3.60 4.80

22 3.84 ± 0.46 3.20 3.80 4.80

23 4.10 ± 0.47 3.40 4.10 5.10

24 4.46 ± 0.49 3.70 4.50 5.50

Table 4. Mean, standard deviation and the percentiles 
(5th, 50th and 95th) for diameter of superior 
venacava (n=106).

G.A.
(weeks)

Mean ± SD in 
mm

               Percentile
 5            50                  95
           (median)       

17 1.36 ± 0.25 1.00 1.30 1.90

18 1.66 ± 0.30 1.00 1.70 2.30

19 1.82 ± 0.41 1.10 1.80 2.50

20 2.02 ± 0.43 1.20 2.10 2.80

21 2.20 ± 0.43 1.30 2.30 3.00

22 2.38 ± 0.42 1.40 2.30 3.30

23 2.54 ± o.42 1.50 2.50 3.50

24 2.76 ± 0.49 1.60 2.80 3.80

Regression equations

Linear regression was performed for the different 
parameters using the gestational age as the 
independent variable and regression equations were 
obtained (Table 5).

Table 5. Linear regression for different parameters 
using gestational age as independent variable.

Constant Β SE t 
value

P 
value

95% CI R2

Lower 

bound

Upper 

bound

MPA -4.434 0.415 0.022 19.101 0.001 0.372 0.458 0.776

AA -2.604 0.294 0.018 16.000 0.001 0.258 0.330 0.708

SVC -1.794 0.190 0.018 10.732 0.001 0.155 0.225 0.521
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DISCUSSION
The three vessel view introduced by Yoo et al22 and 
subsequently adapted by other authors provides for 
the shortcomings of the four chamber view and the 
long axis view of the outflow tracts. The easy anatomy 
and the short time required for the acquisition further 
add to the benefits of the 3-VV in the antenatal cardiac 
screening. 

We prospectively evaluated uncomplicated 106 
singleton pregnancies in the second trimester between 
17 and 24 weeks. The 3-VV was easily acquirable and 
did not need expertise in fetal echocardiography. We 
could easily obtain this view in our patients within a 
short span of time without significant increase in time 
burden.

The mean diameters of the three vessels, standard 
deviations and 95th confidence intervals were 
calculated. All of these parameters showed significant 
correlation (p<0.005) with the advancing gestational 
age (Table 1).  All observations confirm the previous 
studies. 

After the introduction of 3-VV by Yoo et al, Yagel et 
al24 described the 3-vessel and trachea view (3-VT) in 
pregnancies between 13 and 23 weeks and established 
a reference range for six parameters from this view: 
the pulmonary artery, proximal aortic arch, distal 
aortic arch, the superior venacava, ductus arteriosus 
and trachea. Mean and 95% CI of the MPA diameter 
in their study was 1.75 (1.61–1.89) mm at 17 weeks, 
which increased to 2.91 (2.63–3.18) mm at 23 weeks. 
These values are smaller compared to our study where 
the mean values for these ages are 2.54 (2.0-3.1) mm 
and 5.0 (4.3-6.3) mm respectively (Table 2). The 
aorta was divided into the proximal and distal arch by 
these authors. The proximal arch corresponded with 
the ascending aorta in our study. The diameters of the 
proximal arch were 1.19 (1.09–1.29) mm and 2.17 
(1.96–2.38) mm at 17 and 23 weeks respectively with 
a gradual increasing trend. These parameters are also 
smaller compared to our study in which the ascending 
aortic diameter was 2.27 (1.7-2.3) mm and 4.10 (3.4-
5.1) mm at 17 and 23 weeks of gestation respectively 
(Table 3).  However, the mean diameters of superior 
venacava were larger in their study as compared to 
our study; 1.95 (1.85–2.06) mm and 2.82 (2.58–3.05) 
mm against 1.36 (1.0-1.9) mm and 2.54 (1.50-3.50) 
mm at 17 and 23 weeks of gestation respectively 

(Table 4). These authors have also produced ratios 
with pulmonary artery and the ductus arteriosus as 
the numerators which is not applicable in our study. 

Zalel et al25 studied the MPA, aorta and SVC in 
338 fetuses between 14 and 38 weeks of gestation. 
These authors also verified the size relationship of 
these vessels, MPA being the largest and SVC being 
the smallest. The correlation coefficient between 
gestational age and the diameter of the vessels were 
r = 0.93, r = 0.93 and r = 0.86 for pulmonary artery, 
aorta and SVC respectively (all found to be highly 
statistically significant (p<0.001).These findings are 
in accordance with our study where the correlation 
coefficients were r = 0.882, r = 0.843 and r = 0.725 for 
MPA, AA and SVC respectively (Table 1). Mean and 
95% CI of the MPA diameter in their study was 2.28 
(0.29 - 2.19) mm at 16-17 weeks, which increased to 
4.60 (0.67- 4.41) mm at 24-25 weeks. As compared to 
the study of Yagel et al24, these values are larger but 
are smaller compared to our study. The mean values 
with advancing gestational age in this study are not 
statistically significant from our study (p >0.05).

Moon et al26 measured the three vessels prospectively 
in 1538 fetuses between 14 and 38 weeks of 
gestation. The size of each vessel had a significant 
positive relationship with GA (p <0.001). They have 
emphasized in the evaluation of the size discrepancy 
of the vessels and produced the ratios of the size 
relationship of these vessels as well. Yagel et al24 
believe that the wide variance in measurements among 
fetuses is attributable to anatomical variation, not to 
low reproducibility in the measurements themselves.

The significance of the reference values lies in 
establishing the normal values of the vessels during 
routine fetal scan, if the size relationship is abnormal. 
These reference values might help in such instances 
in our context.

CONCLUSIONS
The 3-VV is easily obtainable and along with the four-
chamber view, it should be included in the routine 
fetal cardiac screening to detect the abnormalities of 
outflow tracts. The reference ranges of the vessels 
in this study will be valuable for establishing 
the normality of the vessels during fetal cardiac 
screening. However, for corroboration of our findings, 
a larger study involving larger sample size and a 
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wider gestational age range with multiple ultrasound 
examinations during the same pregnancy is required. 
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