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ABSTRACT Objectives To examine and compare the reproducibility of measurement of first- and second-trimester uterine artery pulsatility index (UtA-PI) using transabdominal (TAS) and transvaginal (TVS) ultrasound. Methods This was an observational study including women ≥ 18 years of age, with a singleton pregnancy, in the first trimester (between 11 + 0 and 13 + 6 weeks’ gestation) or second trimester (between 20 and 26 weeks’ gestation). UtA-PI and angle of insonation were assessed by two observers (one with 15 and the other with 3 years of experience) using both TAS and TVS. The more experienced observer performed two scans alternated by the other observer. The acquisitions were completely independent and the observers were blinded to each other and to their own measurements. Reproducibility of the measurements by TVS and TAS was assessed using the concordance correlation coefficients (CCCs), intraclass correlation coefficients (ICCs) and limits of agreement (LoA). Results We analyzed data from 97 women in the first trimester and 96 in the second trimester. The mean ± SD UtA-PI was significantly higher when measured using TVS, compared with TAS, in both the first (1.60 ± 0.49 vs 1.52 ± 0.63, respectively; P = 0.03) and second (1.07 ± 0.33 vs 0.96 ± 0.32, respectively; P < 0.001) trimesters. The median angle of insonation was significantly lower when using TVS, compared with TAS, in both the first (8.0◦ (interquartile range (IQR), 2.5–16.3◦ ) vs 12.5◦ (IQR, 2.5–20.0◦ ), respectively; P = 0.04) and second (10.0◦ (IQR, 4.5–16.5◦ ) vs 17.5◦



(IQR, 5.0–27.9◦ ), respectively; P < 0.001) trimesters. Both ultrasound techniques had similar reproducibility: the intraobserver CCC ranged from 0.93 to 0.95 and the interobserver CCC ranged from 0.81 to 0.86; and the ICCs of both techniques were highly comparable (the intraobserver LoA was approximately ± 20–30% and the interobserver LoA was approximately ± 30–40%). Conclusions When measuring UtA-PI, assessment by TVS provides higher values and better insonation angle compared with TAS. The reproducibility of the ultrasound methods in both first and second trimesters of pregnancy was comparable and should not be considered as good. Future studies examining technical improvements with the aim of increasing the reproducibility of this technique should be encouraged. Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.



INTRODUCTION The development of pre-eclampsia (PE) is associated directly with a deficiency in the process of trophoblast invasion and remodeling of the spiral arteries during the late first and early second trimesters. Examination of uterine artery impedance using Doppler ultrasonography is a reasonable approach to evaluate trophoblast development1,2 : increased impedance in these vessels would suggest a potentially increased risk of PE. Numerous studies have investigated screening strategies for PE based on Doppler ultrasound of the uterine arteries during the first3 – 9 and second10 – 16 trimesters of pregnancy. Additionally, systematic reviews published recently suggest that Doppler measurements can be used
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ORIGINAL PAPER



Assessment of UtA-PI using TVS and TAS as a marker in the screening and identification of pregnant women at risk of PE, in combination with other factors in a prediction model, during the first17 and second18 trimesters of pregnancy. Doppler ultrasound assessment of the uterine arteries can be performed by either transabdominal (TAS) or transvaginal (TVS) ultrasound16 . TAS may be preferred because it is better accepted by women and because the probe does not come into contact with mucosa, reducing the risk of disease transmission. On the other hand, TVS conveys some potential advantages, including a reduced distance between the ultrasound probe and the uterine arteries, enabling the use of higher frequency/resolution. Furthermore, it is thought to allow assessment of the uterine arteries with a better angle of insonation, which can theoretically improve the Doppler evaluation. The results of reliability and agreement studies provide information on the amount of error that occurs in any measurement19 . Four studies have evaluated the reproducibility of Doppler ultrasound of the uterine arteries: one evaluated the use of TAS at the end of the first trimester20 ; one evaluated the reproducibility of TVS during the second trimester21 ; and two examined the reproducibility of TVS in gynecological situations22,23 . These studies demonstrated that the reproducibility of Doppler examination of the uterine arteries was not excellent, but no study performing a direct comparison between TAS and TVS could be found. We believe that such a comparison is important to evaluate whether the potential benefits of assessing uterine artery Doppler by TVS are translated into an objective improvement in reproducibility. Furthermore, assessing the systematic differences between TAS and TVS examinations would permit investigation of whether it is necessary to use specific reference values for both techniques. Our objective was to estimate and compare, using TAS and TVS, the reproducibility of uterine artery pulsatility index (UtA-PI) in the late first trimester (11 + 0 to 13 + 6 weeks’ gestation) and second trimester (20–26 weeks’ gestation) of pregnancy.



METHODS This was an observational (cross-sectional) study aiming to examine the reproducibility of ultrasound measurement of UtA-PI. The study was planned in the Department of Obstetrics and Gynecology, Faculty of Medicine of Ribeirao Preto, University of Sao Paulo (FMRP-USP), Brazil, and was approved by the Ethics Committee of our university hospital. The study was performed at FATESA-EURP, Ribeirao Preto, Sao Paulo, Brazil. Pregnant women were invited to participate in the study during their routine first- or second-trimester ultrasound examination at FATESA-EURP between February 2013 and March 2014. During the ultrasound scan, the following eligibility criteria were assessed: maternal age of 18–40 years; gestational age of 11 + 0 to 13 + 6 weeks or 20–26 weeks; known date of last menstrual period (LMP); regular menstrual cycles of 25–35 days; a difference of
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≤ 5 days between gestational age determined from the LMP and gestational age determined by crown–rump length (CRL) assessed before 14 weeks; singleton pregnancy; no fetal malformation in the previous examination; and agreement to participate in the study after reading and signing an informed consent. Those who agreed to participate were examined by both observers in a later ultrasound examination. We excluded all cases in which the assessment of reproducibility was incomplete. All ultrasound examinations were performed by the same two observers, A.E.G.M.T.F., who had 15 years of experience in obstetric ultrasound and had performed > 1000 Doppler ultrasound scans in obstetrics before study commencement, and P.S.G.A., who had 3 years of experience in obstetric ultrasound and had performed > 100 Doppler ultrasound scans in obstetrics before study commencement. Both observers are professors in a Brazilian ultrasound school, teaching physicians how to perform ultrasound, including Doppler ultrasound in obstetrics. Data on the following outcomes were assessed: maternal age; gestational age; body mass index (BMI); average PI of right and left uterine arteries; and insonation angle. A Voluson E8 ultrasound machine (GE Medical Systems, Zipf, Austria), equipped with both a transvaginal probe (RIC5-9 W) and a transabdominal probe (AB2-7 W), was used for all ultrasound examinations. No clinical intervention was decided based on the results of this study, and the pregnant women were not followed up by the researchers after the ultrasound examination. The Doppler ultrasound examination of the uterine arteries was conducted in accordance with the guidelines of the International Society of Ultrasound in Obstetrics and Gynecology (ISUOG)24 : • First-trimester TAS technique: the probe was placed on the abdomen to obtain a midsagittal section of the uterus. The probe was then moved laterally until the paracervical vascular plexus was observed. Color Doppler was turned on and the uterine artery was identified. Measurements were recorded before the uterine artery branches into the arcuate arteries. • First-trimester TVS technique: the probe was placed in the anterior fornix to obtain a midsagittal section of the uterus. The probe was then moved laterally until the paracervical vascular plexus was observed at the level of the internal cervical os. Color Doppler was turned on and the uterine artery was identified. Measurements were recorded before the uterine artery branches into the arcuate arteries. • Second-trimester TAS technique: the probe was placed longitudinally on the lower lateral quadrant of the abdomen, angled medially. Color flow mapping was used to identify the uterine artery as it was seen crossing the external iliac artery. Measurements were taken 1 cm downstream of this crossover point. • Second-trimester TVS technique: the same technique described for the first trimester was used.
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The examination was performed three times in a blinded manner, as follows: Observer A (first scan); Observer B (for interobserver reproducibility); and Observer A (second scan, for intraobserver reproducibility). The Doppler settings were adjusted as follows: the pulse repetition frequency (PRF) of color Doppler was maintained between 3 and 4 kHz. On spectral Doppler, the sample volume used was 2 mm, the vessel was evaluated using an insonation angle as close to zero as possible (maximum 60◦ ), the scanning speed was adjusted so that there were 4–10 waveforms on the screen, the PRF was adjusted so that the size of the (a) 4



waveform occupied 50–75% of the scale and a low-pass filter (≤50–60 Hz) was used. The power was maintained at 100% because the thermal index for soft tissues (TI) was always < 0.5. Measurements were performed using automatic mode, assessing three consecutive and similar waveforms. To avoid bias, the acquisition of UtA-PI measurements was completely independent, with only one observer in the room during the evaluation. To avoid memory effect on the analysis during the examination, we masked the numeric results and only the images were recorded on the hard drive for later assessment. (b) 60
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Figure 1 Uterine artery pulsatility index (UtA-PI) (a) and angle of insonation (b) measured using transabdominal (TAS) and transvaginal (TVS) ultrasound in the first trimester of pregnancy (n = 97). Bars represent mean ± SD for UtA-PI and median and interquartile range (IQR) for angle of insonation. P-values were determined using the paired t-test for UtA-PI and the Wilcoxon test for angle of insonation. (a) 4
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Figure 2 Uterine artery pulsatility index (UtA-PI) (a) and angle of insonation (b) measured by transabdominal (TAS) and transvaginal (TVS) ultrasound in the second trimester of pregnancy (n = 96). Bars represent mean ± SD for UtA-PI and median and interquartile range (IQR) for angle of insonation. P-values were determined using the paired t-test for UtA-PI or the Wilcoxon test for angle of insonation.
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Assessment of UtA-PI using TVS and TAS Our estimated sample size was 100 women, to enable determination of the concordance correlation coefficient (CCC) with sufficient precision (95% CI width = 0.20) when the estimate was ≥ 0.7025,26 . CCC values of < 0.70 indicate very poor reproducibility27,28 . All ultrasound examinations were performed by two observers, as this is the minimum number necessary to obtain completely independent acquisitions, which is needed to obtain estimates representing the reproducibility that would be observed in clinical practice by repeating the scan28 . We did not include more than two observers because, despite improving external validity (generalizability) of the findings, the scan would be time consuming, with longer insonation time and discomfort for the pregnant women.



Statistical analysis Statistical analysis was performed by W.P.M. using GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA, USA), Stata version 11.0 (StataCorp LP, College Station, TX, USA), SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) and Microsoft Office Excel (Microsoft Corp., Redmond, WA, USA). For analyses of UtA-PI and insonation angle, we averaged the values of the right and left uterine arteries. We compared the values of uterine artery Doppler and insonation angle obtained by the abdominal and vaginal approaches using only the first measurement of Observer A. Initially, we assessed the normality of distribution using the D’Agostino–Pearson omnibus normality test. Values were presented as mean ± SD and compared using a paired t-test or were presented as median (interquartile range (IQR)) and compared using the Wilcoxon matched-pairs signed rank test, depending on the normality of the distribution. We considered P < 0.05 as the level of statistical significance in these two comparisons. Reproducibility was assessed using CCCs with respective 95% CI, intraclass correlation coefficients (ICCs, two-way mixed, absolute agreement, single measure) and limits of agreement (LoA) of the relative differences between measurements with their respective graphs.



RESULTS The study cohort included 100 pregnant women in the first trimester of pregnancy and 100 pregnant women in the second trimester; however, the ultrasound examination was not completed for three women in the first trimester and for four women in the second trimester because these women requested early termination of the scan. Therefore, 97 women in the first trimester of pregnancy and 96 women in the second trimester of pregnancy were included in the analysis. Of the 97 women in the first trimester of pregnancy, mean maternal age was 23.8 ± 5.0 years, mean gestational age was 12.7 ± 2.0 weeks and BMI was 26.5 ± 3.0 kg/m2 . The UtA-PI was significantly higher when measured by TVS than by TAS (1.60 ± 0.49 vs 1.52 ± 0.63; P = 0.03; Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.



549 Table 1 Intra- and interobserver reproducibility of average uterine artery pulsatility index measured by transvaginal (TVS) or transabdominal (TAS) ultrasound examination in the first and second trimesters of pregnancy Variable First trimester (n = 97) Intraobserver ICC CCC LoA (%) Interobserver ICC CCC LoA (%) Second trimester (n = 96) Intraobserver ICC CCC LoA (%) Interobserver ICC CCC LoA (%)



TVS



TAS



0.95 (0.93–0.97) 0.95 (0.93–0.97) −18.4 to 19.3



0.94 (0.91–0.96) 0.94 (0.91–0.96) −30.9 to 34.4



0.86 (0.80–0.91) 0.86 (0.80–0.90) −35.4 to 32.8



0.85 (0.78–0.90) 0.85 (0.78–0.89) −43.4 to 42.5



0.94 (0.90–0.96) 0.93 (0.90–0.96) −18.5 to 23.1



0.94 (0.91–0.96) 0.94 (0.91–0.96) −25.1 to 24.3



0.81 (0.73–0.87) 0.81 (0.73–0.87) −36.3 to 33.7



0.87 (0.81–0.91) 0.86 (0.80–0.91) −33.4 to 33.6



Values in parentheses are 95% CIs. Results from all pregnancies were analyzed (no data are missing). CCC, concordance correlation coefficient; ICC, intraclass correlation coefficient; LoA, limits of agreement.



Figure 1) and the angle of insonation was significantly lower when measured by TVS than by TAS (8.0◦ (IQR, 2.5–16.25◦ ) vs 12.5◦ (IQR, 2.5–20.0◦ ); P = 0.04; Figure 1). Of the 96 women in the second trimester of pregnancy, mean maternal age was 25.0 ± 5.4 years, mean gestational age was 22.5 ± 2.0 weeks and BMI was 26.0 ± 3.2 kg/m2 . The UtA-PI was significantly higher when measured by TVS than by TAS (1.07 ± 0.33 vs 0.96 ± 0.32; P < 0.001; Figure 2) and the angle of insonation was significantly lower when measured by TVS than by TAS (10.0◦ (IQR, 4.5–16.5◦ ) vs 17.5◦ (IQR, 5.0–27.9◦ ); P < 0.001; Figure 2). Our main findings suggest moderate intraobserver reproducibility and poor interobserver reproducibility in both first and second trimesters of the pregnancy (Table 1 and Figures 3 and 4): the intraobserver CCCs ranged from 0.93 to 0.95, whilst the interobserver CCCs ranged from 0.81 to 0.86; the results for ICC were highly comparable; the intraobserver LoA ranged from approximately ± 20% to approximately ± 30%, whilst the interobserver LoA ranged from approximately ± 30% to approximately ± 40% (Table 1 and Figures 3 and 4).



DISCUSSION Examination by TVS provided higher UtA-PI values and lower insonation angles compared with measurement by TAS in both the first and second trimesters of pregnancy. The reproducibility of TVS and TAS was comparable in both trimesters: the intraobserver reproducibility was moderate, whereas the interobserver reliability
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Figure 3 Relative intraobserver (a,b) and interobserver (c,d) differences in uterine artery pulsatility index (UtA-PI) assessed by transvaginal (TVS) or transabdominal (TAS) ultrasound in the first trimester of pregnancy, with limits of agreement (n = 97): (a) intraobserver differences using TVS; (b) intraobserver differences using TAS; (c) interobserver differences using TVS; (d) interobserver differences using TAS.



was relatively poor. We observed differences of up to ± 20–30% when the examination was repeated by the same observer and differences of up to ± 30–40% when the examination was repeated by a different observer. A limitation of our study is that variables were analyzed by only two observers in the same center using the same high-quality ultrasound machine. Therefore, it is likely that the reproducibility would be poorer if the study conditions were more representative of actual clinical situations (for example, observers trained in different centers and using different ultrasound machines). Other limitations of our study include the fact that we did not investigate an alternative method to improve the reproducibility and did not acquire data on pregnancy
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outcome in order to examine and compare the predictive accuracy of the methods. Additionally, we did not compare the acceptability of TVS and TAS. The main strengths of this study were that measurements were performed using the guidelines recommended by ISUOG24 , ultrasound scans were completely independent, observers were blinded to their own results and a cautious analysis and interpretation of results was performed27 – 29 . Regarding the difference in angle of insonation, we believe that the standard position/direction of the uterine artery facilitates a better angle to be obtained by TVS. In a prospective longitudinal study, Doppler of the uterine arteries, using a transvaginal approach, at 11–14
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Figure 4 Relative intraobserver (a,b) and interobserver (c,d) differences in uterine artery pulsatility index (UtA-PI) assessed by transvaginal (TVS) or transabdominal (TAS) ultrasound in the second trimester of pregnancy, with limits of agreement (n = 96): (a) intraobserver differences using TVS; (b) intraobserver differences using TAS; (c) interobserver differences using TVS; (d) interobserver differences using TAS.



and 20–25 weeks of gestation in 344 normal singleton pregnancies, showed easy identification of the uterine arteries at the level of the internal cervical os; moreover, TVS gave clear waveforms owing to the close proximity of the transducer to the uterine vessel30 . Of the difference observed between the average UtA-PI measured by TVS and by TAS, we believe that the main explanation is that the uterine artery is not assessed at exactly the same point by TVS and TAS. Additionally, when using TVS, the transducer is closer to the vessel, and the angle of insonation is frequently lower. Our results are in agreement with those of a previous study that observed significantly higher UtA-PI obtained by TVS than by TAS between 11 + 0 and 13 + 6 weeks of gestation31 . In this Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.



study, 351 singleton pregnancies were assessed during the routine first-trimester scan and the mean UtA-PI obtained by TVS and TAS was 1.98 and 1.83, respectively31 . In both trimesters, we observed a similar reproducibility for TVS and TAS: the intraobserver reliability was moderate, whereas the interobserver reliability was poor. Previously published studies, examining the reproducibility of Doppler ultrasound of uterine arteries, have reported similar results. One study examined the reproducibility of Doppler indices of uterine artery by TAS in the first trimester, when measured by two experienced observers with independent acquisition and analysis20 ; 63 women were assessed by only one observer and 47 women were assessed by both observers. The observed ICC showed
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poor reproducibility, with poorer results than those of our study; intraobserver ICC was 0.78/0.80 (right/left uterine artery) and interobserver ICC was 0.60/0.58. Such differences might be explained easily by the improvement in ultrasound machines because the previous study was conducted more than 10 years ago. The authors concluded that assessment of uterine arteries by Doppler ultrasound is technically feasible, but that it should be used in clinical practice with caution because of poor reproducibility20 . Another study evaluated the reproducibility of UtA-PI in the second trimester (23 weeks’ gestation) using TVS performed by two different experienced observers32 . They observed that the LoA of the absolute differences was approximately ± 0.25. Considering that the average UtA-PI in this study was approximately 1.0, we can extrapolate that it corresponds to approximately ± 25%, which is close to the estimates observed in our study. Our results can be generalized to settings with relatively well-trained observers using the same high-quality ultrasound machines. One should consider it likely that the reproducibility observed in regular practice (a pregnant woman undergoing repeat scans in two different clinics) would be worse than observed in this study owing to different observers’ techniques and ultrasound machines. In conclusion, when measuring the uterine arteries by Doppler ultrasound in the first and second trimesters of pregnancy, TVS provides higher values and better insonation angle than does TAS. The reproducibility of the methods in both the first and second trimesters was comparable but should not be considered as good; our results suggest that one should interpret the results for UtA-PI with caution as the result can vary by up to ± 40%, simply from repetition of the scan by a different observer. Future studies examining technical improvements to increase the reproducibility of this technique should be encouraged.
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