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ABSTRACT

Objectives: The primary aim of the study was to assess intra-observer and 
inter-observer reproducibility and generalizability (general reliability) of first 
trimester Doppler measurements of uterine arteries (UtA) performed both 
transabdominally (TA) and transvaginally (TV). Secondary aims were to investigate 
whether maternal BMI and acquisition modality (transabdominal or transvaginal) 
affect feasibility and reliability of UtA Doppler evaluation.

Methods: Singleton pregnancies between 11+0 and 13+6 weeks underwent TA and 
TV Doppler measurements of UtA prospectively, blindly and independently by 
Fetal Medicine Foundation-accredited operators. The more experienced operator 
performed all the scans to assess intra-observer reproducibility. Inter-observer 
reproducibility and generalizability was evaluated among different operators and 
different ultrasound equipment. Intra- and inter-rater reliability was assessed 
by Concordance Correlation Coefficient and Intraclass Correlation Coefficient; 
agreement was estimated with Limits of Agreement and reported graphically 
with Bland-Altman plots. Correlation between BMI and feasibility and accuracy 
of UtA measurements were studied with Spearman’s correlation coefficient. 
Differences between TA and TV measurements were evaluated by Wilcoxon test.

Results: 101 women were enrolled. The intra-observer reproducibility for TA and 
TV measurements ranged from 0.87 to 0.94, respectively. The inter-observer 
reproducibility varied from 0.57 (for TA measurements by the less experienced 
operator) to 0.95 (for TV measurements by the more experienced operator) and 
it was independent of the ultrasound equipment used. Spearman’s correlation 
coefficient failed to demonstrate a correlation between BMI and time to get the 
first set of TA-TV measurements, or between BMI and TA-TV reproducibility. In 4 
patients the operators could not obtain the TA measurements due to high BMI. 
In our population the UtA pulsatility index (PI) values did not differ significantly 
between the TA or TV approach.

Conclusions: UtA PI measurements obtained by experienced operators show 
a moderate intra- and inter-observer reproducibility. The TV approach might 
be used when TA measurements fail in obese women, especially since specific 
reference ranges for TV measurements may not be necessary.
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INTRODUCTION

Early prediction and prevention of Pre-eclampsia (PE) and Fetal Growth 
Restriction (FGR) is a major issue in modern obstetrics. Several advances have 
been made in the last few years towards the calculation of a personalized risk 
score for each woman1. Currently available first trimester screening algorithms 
incorporate maternal characteristics and history, mean arterial blood pressure, 
serum biomarkers and uterine artery (UtA) pulsatility index (PI)2.

Despite first trimester UtA Doppler being included into the algorithm, literature 
validating the reliability of this measurement is scarce. Of the only two studies 
on the topic, one reported a poor agreement in UtA PI values obtained 
transabdominally3 and the second concluded that the reliability of both 
transabdominal (TA) and transvaginal (TV) techniques was not satisfactory and 
assumed it would be even worse in the daily practice of a non-academic setting4.

The potential sources of error inherent to Doppler velocimetry measurements 
are indeed acknowledged. To make the issue even more compelling, the True 
Reproducibility of Ultrasound Techniques (TRUST) Review recently claimed 
rigorous studies to examine the reliability of ultrasound methods, since using 
non-reproducible techniques in clinical practice may jeopardize patients’ safety5.

The aim of our study was to perform a reliability and agreement study to assess 
the amount of error that occurs measuring UtA PI both TA and TV during the first 
trimester. We evaluated Intra-Observer Reproducibility - the difference between 
two measurements performed by the same operator - and Inter-Observer 
Reproducibility - the difference between measurements performed by two 
different raters. Moreover we investigated the generalizability (external validity) of 
these measurements comparing the reproducibility of different operators using 
different ultrasound equipment. Finally we studied the relationship between 
body mass index (BMI) and time to get the first TA and TV measurements and 
between BMI and reproducibility. Since we assumed the TV approach might 
be a reasonable alternative to the TA approach in obese women, we also looked 
for significant differences in PI values between TA and TV measurements in our 
population, to assess whether special reference ranges for the latter technique 
might be necessary or not.
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METHODS

This prospective, observational, cross-sectional study was conducted in 
the context of a larger study to evaluate the performance of first trimester 
screening for PE and FGR in the Dutch population. The trial was approved by the 
Institutional Review Board of the University Medical Centre in Groningen (UMCG).

Patients were referred to the Department of Prenatal Diagnosis of the UMCG 
and to the Obstetric Ultrasonography Screening Centre VEZ, Zevenaar, 
the Netherlands. Our study population consisted of women with a low risk 
pregnancy. These women were asked to participate in the study during the 
routine first trimester visit. Participants were asked to give their consent for both 
TA and TV ultrasound scans. Eligibility criteria were: gestational age between 11+0 

and 13+6 weeks determined by crown-rump length and no fetal malformation 
detected during the scan.

Operator A, which was the most experienced sonographer (three years’ Fetal 
Medicine Foundation certificate in UtA measurement and more than 1000 UtA 
Doppler measurements performed before the study began) performed all the 
examinations to assess intra-observer reproducibility. To assess inter-observer 
reproducibility and generalizability while minimizing discomfort for the patients 
and long insonation time, we divided our population in three subgroups: roughly 
one third of the women were examined by operator A and B (six’s months’ FMF 
Certificate- approximately 100 UtA Doppler measurements performed before 
the study began) using a GE-Voluson E8; another third of the patients underwent 
examinations by operator A and C (two years’ experience- more than 500 UtA 
Doppler measurements performed before the beginning of the study) using a 
GE-Voluson E8; the last third by A and C using a Hitachi Aloka ProSound Alpha 
6. Both the Voluson E8 and the ProSound Alpha 6 ultrasound machines were 
equipped with TA and TV probes (GE: RIC6-12-D probe and RIC5-9D TA and TV 
probes, Hitachi Aloka: UST-9120 and UST-9118 TA and TV probes).

Fetal Medicine Foundation recommendations were followed to obtain the TA 
measurement of UtA PI6: the probe was placed to obtain a midsagittal section 
of the uterus and then moved laterally, thereafter para-cervical vessels were 
identified using color Doppler. The vessels were interrogated with a sample 
gate set at 2 mm and an insonation angle below 30°. If the Doppler waveforms 
envelop were considered of good quality, measurements were obtained with the 
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built-in automatic program from at least three consecutive uniform waveforms. 
When the automatic tracing was not considered satisfactory, manual tracing was 
performed. TV measurements were obtained as suggested by the Guidelines 
of the International Society of Ultrasound in Obstetrics and Gynecology7: the 
probe was placed in the sagittal plane in the anterior fornix and then moved 
laterally to the para-cervical plexus, then the vessels were identified with color 
Doppler and measurements obtained following the same method as in the 
TA scan (maximum angle of insonation <30° and sample gate width 2 mm). 
The acquisitions were completely independent and the observers were blinded 
to their own and to each other’s measurements. The scans were performed 
with the following procedure: operator A performed the assessment of the 
UtA PI transabdominally at first right and then left, then repeated the TA 
measurements in the same order, thereafter performed the TV examination 
in the same way, finally the second operator used the same procedure first TV 
and then TA. This protocol was chosen to minimize patient discomfort and the 
impact of the memory of the previous measurement site on reproducibility. 
Peak Systolic Velocities (PSVs) were also recorded to assess the quality of the 
measurements. Time to get the first TA and TV measurements was also noted. 
Maternal characteristics (age and BMI) and gestational age were collected.

The estimated sample size was 101 measurements, since it enables to determine 
an estimated Intraclass Correlation Coefficient (ICC) ≥ 0.7 within two examinations 
with a 95% Confidence Interval (CI) width 0.28. A total of one-hundred-and-one 
patients were recruited.

Statistical analysis was performed using SPSS version 22.0 (SPSS Inc, Chicago, 
IL, USA), Microsoft Office Excel (Microsoft Corp., Redmond, WA, USA) and 
GraphPad Prism version 6.0 (GraphPad Software, San Diego,CA,USA). Intra-
observer and inter-observer reliability and generalizability were assessed by 
both Lin’s Concordance Correlation Coefficient (CCC) and Intraclass Correlation 
Coefficient (ICC) (two way-mixed, absolute agreement, average measurements), 
95% Confidence Interval (CI), since both these indexes estimate the amount of 
total variance that might be attributable to “true” variance between the subjects 
(the closer to 1 the better) and none of them was proven to be superior to the 
other. Agreement was measured using Limits of Agreement (LoA), that indicate 
the values including 95% of the differences between measurements , and shown 
graphically with Bland-Altman plots.
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To study the intra-observer reproducibility we compared the first and the second 
measurement of operator A, to assess reproducibility an average of the first 
and second measurements of each operator was used. Every UtA was analyzed 
individually, since each vessel has a different downstream resistance, according 
to its relationship with placental insertion and trophoblast remodeling of the 
spiral arteries on that side. Hence care was taken in avoiding any possible bias 
on the assessment of reproducibility produced by averaging right and left UtA 
PI measurement.

For interpretation of ICC and CCC we used recently published cut-off values: 
<0.7 very poor, 0.7-0.9 poor, 0.90-0.95 moderate, 0.95-0.99 good, >0.99 very 
good9. Relationship between maternal BMI and time to get the first set of 
measurements was investigated with Spearman’s correlation coefficient, 
similarly to the association between BMI and reproducibility, defined as the 
difference between the first and the second measurement of operator A. 
p<0.05 was considered as statistically significant. To investigate whether in 
our population there was a significant difference within values of UtA Doppler 
obtained through the TA and TV approach, we considered the mean of the 
measurements of operator A. The comparison was performed with Wilcoxon 
matched-pairs signed rank test (p<0.05).

RESULTS

Between November 2014 and April 2015, 101 patients were included in the 
study. All patients gave their consent for TA assessment of UtA PI and 65 (64%) 
consented also to the TV measurement. Patients’ characteristics’ are summarized 
in Table 1. No statistically significant differences were present among the 
subgroups analyzed; this is particularly noteworthy as far as BMI is concerned. 
Since the different subgroups had similar characteristics we assumed it was 
possible to compare the results within the groups.

Table 1. Population’s characteristics - total population and subgroups analyzed

Total
A-B

Voluson E8

A-C

Voluson E8

A-C

Aloka Alpha 6

Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value

Age (y) 31 (±4.5) 30.1 (±4.5) 30.7 (±4.5) 32 (±4.5) 0.11

BMI (kg/m2 ) 24.1 (±4.2) 24.1 (±3.5) 24.1 (±4.2) 24.1 (±4.3) 0.41

GA (weeks) 12+5 (±5) 12+5 (±4) 12+5 (±5) 12+6 (±4) 0.79
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Table 2. Study subgroups

Operator

Transabdominal Examinations

(pairs-total number of 

measurements)

Transvaginal Examinations

(pairs-total number of 

measurements)

Operator A 101 (202) 65 (130)

Operator A and B
(Voluson E8) 25 (50) 19 (38)

Operator A and C
(Voluson E8) 26 (52) 20 (40)

Operator A and C
(Aloka Alpha 6) 37 (74) 13 (26)

The set of measurements performed by different operators is shown in Table 
2. Since each UtA (right and left) was analyzed individually, the total number of 
measurements considered is double the number of patients enrolled in each 
group. The sample size was therefore achieved for TA and TV Intra-Observer 
Reproducibility, Inter-Observer Reproducibility was studied in 3 subgroups to 
better assess the issue of Generalizability.

Figure 1 shows the distribution of the mean UtA PI recorded by operator A, 
calculated using the average of the four (two right and two left) TA measurements. 
Mean PI was 1.38 (SD PI was 0.42), and 4 patients had a PI > 2.38 (95th centile 
for gestational age according to the reference ranges published by Gomez et 
al.10). Therefore we assumed our population to be representative of a screening 
population.

Figure 1. Distribution of the mean TA uterine artery PI recorded by Operator A
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Figures 2, 3, 4, and 5 show the Bland-Altman Plots of the intra- and inter-observer 
agreement between the two couples of operators and with different ultrasound 
machines. The scatter diagrams and linear regression analysis demonstrate no 
systematic difference between the measurements.

Figure 2. Bland-Altman Plot of the Intra-Observer Agreement of TA and TV measurements

  

Figure 3. Bland-Altman Plot of the Inter-Observer Agreement (TA and TV measurements) of Oper-

ators A and B (Voluson E8)
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Figure 4. Bland-Altman Plot of the Inter-Observer Agrrement (TA and TV measurements) of Oper-

ators A and C using the Voluson E8 equipment

  

Figure 5. Bland-Altman Plot of the Inter-Observer Agreement (TA and TV measurements) of Oper-

ators A and C using the Aloka Alpha 6 equipment

  

Table 3 summarizes the results about intra-observer reproducibility of operator 
A and inter-observer reproducibility between operator A and B using a Voluson 
E8 machine and A and C using both a Voluson and an Aloka Alpha 6 equipment 
expressed as ICC and CCC. LoA are also reported. Intra-observer reproducibility 
for TV measurements was moderate (ICC 0.94), values for the TA approach were 
lower (ICC 0.87). The inter-observer reproducibility shows a moderate to good 
reliability with regard to the most experienced operators and the TV approach 
(0.92-0.95), whereas the results obtained TA by less experienced operators are 
not satisfactory (0.74). Reliability of the measurements does not seem to be 
related to the equipment used, since results obtained with Aloka Alpha 6 are 
similar to those obtained with Voluson E8. The LoA range from approximately 
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±50% for intra-observer reproducibility or inter-observer reproducibility by more 
experienced operators to approximately ±120% for less trained sonographers.

Table 3. Intra and inter-observer reproducibility of TA and TV measurements assessed by CCC, ICC 

and LoA for the three operators analyzed

CCC ICC LoA

Intra-observer reproducibility TA
Operator A

0.77 0.87 -0.69-0.64

Intra-observer reproducibility TV
Operator A

0.91 0.94 -0.51-0.57

Inter-observer reproducibility TA
A and B (Voluson E8)

0.64 0.79 -0.96-0.74

Inter-observer reproducibility TV
A and B (Voluson E8)

0.57 0.74 -1.22-1.14

Inter-observer reproducibility TA
A and C (Voluson E8)

0.64 0.79 -0.67-0.64

Inter-observer reproducibility TV
A and C (Voluson E8)

0.70 0.95 -0.61-0.57

Inter-observer reproducibility TA
A and C (Aloka Alpha 6)

0.85 0.92 -0.4-0.5

Inter-observer reproducibility TV
A and C (Aloka Alpha 6)

0.85 0.92 -0.52-0.55

Spearman’s coefficient calculation showed no significant correlation between 
BMI and time to get the first set of TA and TV measurements (p=0.44, 0.83) 
nor between BMI and reproducibility (p=0.27, 0.87); however, operators failed 
to obtain the TA measurement in 4 out of the 9 obese (BMI > 30) patients in the 
population.

Despite the Peak Systolic Velocities being significantly different between the TV 
and TA approach (TV PSV median 95 cm/s–IQR 79-114- TA PSV median 85-IQR 
66-102- p=0.002), in our sample PI values obtained TV did not differ significantly 
from those obtained TA (TV PI median 1.36-IQR 1.07-1.79- TA PI median 1.34-IQR 
1.11-1.65-p=0.782)(Figures 6 and 7).
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Figure 6. Distribution of Peak Systolic Velocities of TV and TA measurements

Figure 7. Distribution of Pulsatility Index of TV and TA measurements

DISCUSSION

This study shows that first trimester UtA Doppler measurements are globally 
moderately reproducible, can be performed with similar results both TA or TV and 
that costly ultrasound equipment are not required for good measurements. The 
only important factor to ensure more reproducible measurements is operator’s 
experience.
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The criteria defining a good screening test are the public health relevance of the 
disease, the existence of a recognizable latent phase of the disorder enabling 
institution of strategies to prevent its clinical onset and finally the availability 
of a test that is sensitive, specific and accurate to identify this “preclinical” 
phase11. First trimester screening for PE certainly satisfies the first three criteria: 
gestational hypertensive diseases rank as the first cause of maternal mortality 
in the developed countries and the use of screening algorithms can potentially 
predict its occurrence at the time of the 11-14 weeks scan, when the disease is 
still preventable12. The last criterion, i.e. the accuracy of the test, however, needs 
further elucidation as UtA measurements have thus far never been proved to be 
accurate enough to be used in a screening algorithm3,4. The issue became even 
more actual after the TRUST Review underlined the lack of rigorous studies and 
reported an indiscriminate use of Doppler measurements without evidence of 
their reproducibility.

This study is therefore important as it shows that when strict criteria are followed 
(FMF recommendations, ISUOG Guidelines) both TA or TV UtA first trimester 
measurements show a moderate, but acceptable, reproducibility, with a slight 
superiority of the TV route. This holds true even when simple, inexpensive 
equipment are used.

Our ICC and CCC are higher than those reported by the study by Hollis et al3. 
The Authors found ICCs of 0.79 and 0.59 with regard to intra- and inter-observer 
reproducibility of TA measurements. Since this study was performed in 2001, 
improvement in ultrasound imaging and use of different measurements 
protocols (only insonation angles smaller than 30° tolerated, instead of < 60°) may 
explain the difference in results. Our results are globally similar to those of Ferreira 
et al.4. As far as intra-rater reliability we report a lower reproducibility for TA 
measurements -0.87 versus 0.94- and similar values for the TV route -0.94 versus 
0.95. Our data, however, show a globally higher inter-observer reproducibility as 
far as more experienced operators are concerned (ICC 0.79–0.92 and 0.95-0.92 
versus 0.85 and 0.86 for TA and TV measurements, respectively). Inter-observer 
reproducibility by less experienced operators, nevertheless, was poor (ICC 0.79, 
0.74). Our Limits of Agreement are worse, especially with regard to inter-rater 
comparison. This could be explained by the lower number of patients enrolled in 
the different subgroups. We moreover acknowledge that the smaller subgroups 
may also have caused an overestimation of inter-observer reproducibility.
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The Authors of the TRUST Review postulated that accuracy of UtA Doppler 
would be less satisfactory in non-academic settings. Our data, however, are 
reassuring: reliability of the measurements seems to be more linked to operators’ 
experience rather than to the ultrasound equipment or setting. The results of a 
study from Ridding13 on the effects of auditing the performance of first trimester 
UtAPI measurements demonstrated the importance of feedback. Our study 
consistently addresses the central role of operators’ training.

As already stated, the cut-off values we have chosen for ICC and CCC were 
the ones recently proposed in the GRRAS study14 and endorsed by the TRUST 
Review. Since the TRUST was published, an interesting debate began about 
the issue of reproducibility of ultrasound measurements; some Authors indeed 
claimed that the criteria chosen in the Review are too strict and contrasting the 
evidences that some Doppler measurements have improved clinical practice, 
despite being not reliable enough according to these cut-offs (e.g. MCA PSV 
and UA PI reducing mortality due to fetal anemia and early FGR)15. Although we 
definitely think that further discussion and a consensus are needed, we decided 
to use these cut-off values, as they are the most used in the literature and they 
have the undeniable credit to be conservative.

Our results confirm that maternal obesity is a challenge for the performance of 
first trimester UtA Doppler. However, compared to TA, the TV approach is both 
fast and reliable in these patients, providing better angles of insonation and 
clearer waveforms. In spite of the questioned acceptability of a TV examination, 
we argue that this is certainly more acceptable for a woman than a long-lasting 
and unsatisfactory TA scan. Moreover, the TV route is the preferred for late first 
trimester anatomical surveys in obese patients, enabling incorporation of both 
screenings in one session. The superiority of the TV approach is addressed also 
by a recently published commentary from E. Bujold16.

Differences in UtA Doppler measurements obtained by the TV and TA route, 
however, may influence the risk calculation in these women. In this study there 
was a significant difference in PSVs between the waveforms obtained by TV 
and TA approach, the PIs, nonetheless, did not differ significantly according 
to the method of investigation, implying that specific reference ranges for TV 
measurements are not necessary. Our findings are at variance with two other 
studies addressing this issue17,4. This might be explained by the rigorous method 
we used to obtain both the TA and the TV measurements (similar to that used 
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by Plasencia, whereas Ferreira applied less strict rules regarding insonation 
angles) or by the sample size itself (larger in the first study, but not in the second). 
We conclude that a larger study, powered to analyze if the measurements are 
influenced by the investigation method, is needed.

The strengths of our study are that measurements were performed and 
interpreted using strict criteria and that the issue of generalizability was also 
specifically addressed using 3 operators and performing the measurements 
with different equipment also in a non-academic setting. The main limitation is 
that, in order to investigate generalizability of the UtA measurement, we had to 
create smaller subgroups, with a consequent loss in statistical power, especially 
concerning the inter-observer reproducibility.

Further studies are needed to investigate the clinical impact of measurement 
errors in risk assessment. Assuming that the intra and inter-observer 
reproducibility of UtA PI is not optimal, the key point of the issue is to determine 
which error leads to wrongly inconspicuous or to false positive results. At present 
the impact of measurement’s imprecision on the performance of first trimester 
screening for PE and FGR is unknown and our study was not sufficiently powered 
to address this issue. However, when we tested this by using different set of 
measurements, the calculated risk for PE (according to the model of Akolekar2) 
changed from negative to positive in only two cases. This suggests that, at 
variance with first trimester screening for Trisomy 21, where even small deviations 
in NT measurement can significantly affect test performance18, screening for PE 
is less prone to risk modification, even considering the moderate reproducibility 
in UtA measurements.

CONCLUSIONS

Intra-observer reproducibility of Doppler measurement of UtA is moderate. Inter-
observer reproducibility is strongly influenced by operator’s experience, whereas 
the ultrasound equipment is less important, therefore adequate training of the 
operators is crucial. Maternal BMI influences TA examinations, but not the TV, 
therefore TV approach may be advisable in obese women.
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