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Abstract

To assess the influence of transplacental versus nontransplacental needle passage during genetic amniocentesis on umbilical artery (UA) pulsatility index (PI) and fetal heart rate (FHR).

Genetic amniocentesis was performed in 205 women with no major fetal malformations detected by prenatal ultrasound at a median gestational age of 14 weeks and 3 days (range 13 weeks and 1 day to 18 weeks and 6 days). Chromosomal abnormalities were observed in five fetuses. These pregnancies were excluded from further analyses. The study group consisted of 56 of the remaining 200 women in whom amniocentesis had been performed transplacentally. As controls two patients with nontransplacental needle passage were chosen for each woman in the study group, matched for gestational age (± 3 days) and as far as possible for the indication for amniocentesis. The UA PI and the FHR were measured immediately before and after the amniocentesis.

Amniocentesis did not cause significant changes in UA PI and FHR within or between the two groups. Division of the study population into three subgroups dependent on gestational age did not alter the results. Pregnancy outcome was similar in the two groups.

Transplacental needle passage during amniocentesis did not induce any changes in UA PI or FHR relative to a group with nontransplacental amniocentesis.

Earlier reports have shown a significant increase in the incidence of spontaneous abortions in relation to second-trimester amniocentesis after transplacental needle passage relative to after nontransplacental needle passage.  It is conventional to avoid the placenta if possible during the procedure. The basis of this policy has been challenged by studies showing no difference in the frequency of spontaneous abortions after transplacental needle passage versus nontransplacental needle passage in both second trimester  and early amniocentesis.  Though transplacental amniocentesis does not seem to cause any major threat to pregnancy, a possible physiologic or pathophysiologic influence on fetal and umbilicoplacental circulation cannot be excluded.

During the last decade, analyses of first- and early second-trimester fetal Doppler blood flow velocity waveforms have been used in different studies as a predictive parameter in the identification of aneuploid fetuses.  Only a few studies have used such waveforms to investigate the influence of second-trimester amniocentesis per se on fetal and umbilicoplacental circulation. Weinraub et al  showed an increase and Martinez et al  no significant alterations in the resistance indices of the umbilical artery (UA) after genetic amniocentesis. These studies were not designed to observe possible alterations in Doppler blood flow dependent on whether the procedure was performed transplacentally or not.

The primary aim of the present study was to assess the influence of transplacental as compared with nontransplacental needle passage during amniocentesis on the Doppler flow velocity waveforms in the UA and fetal heart rate (FHR). Procedure-related complications and pregnancy outcome are also reported.
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MATERIALS AND METHODS

The study was performed from January 1998 to July 2000 on women with singleton pregnancies between 13 and 20 weeks' gestation scheduled for genetic amniocentesis. The study was performed prospectively to investigate the influence of transplacental needle passage on UA pulsatility index (PI) and FHR during genetic amniocentesis. Inclusion criteria were willingness of the women to participate in the study, ability to perform the procedure given the clinical workload, and no major malformations identified sonographically. During the study period about 1400 amniocenteses were performed (excluding pregnancies with major malformations). Approximately 85% of the women were excluded because of the clinical workload.

The study group comprised women with transplacental amniocentesis. As controls, two patients with non-transplacental needle passage were chosen for each woman in the study group, matched for gestational age (± 3 days). The groups were matched for gestational age because of the decline in UA PI and FHR throughout the early second trimester.  To reduce possible confounding variables on pregnancy outcome the groups were also, as far as possible, matched for the indication for amniocentesis. If more than two controls could be matched, the controls were selected at random. The matching was not performed on a one to one basis. The gestational age at amniocentesis was calculated by biometry using biparietal diameter and the current national standards of reference. 

We assumed a standard deviation (SD) for the PI values during the gestational age of current interest of 0.20.  With a two-sided α of .05 and power of 0.85 a total of about 165 women were required to detect a PI difference of 0.10 using the present model of two controls per woman in the study group. For the FHR, for the same number of women and assuming an SD of eight beats per minute,  a difference of four beats per minute would be detected at the same level of significance and power.

The Doppler velocity waveforms were obtained using Acuson 128XP (Acuson, Mountain View, CA), Acuson Sequoia, or Vingmed System Five (Vingmed, Horten, Norway). The same machines were used for real-time sonographic monitoring of the amniocentesis. Probes with Doppler carrier frequencies of 3.5–5.0 MHz were used. For Acuson 128XP the spatial peak temporal average intensity was less than 50 mW/cm2. The output intensity from Vingmed System Five and Acuson Sequoia was monitored as mechanical and thermal indices on the display.

The amniocenteses were performed by a freehand technique under ultrasound guidance using a needle with an outer diameter of 0.9 mm. The sample volume of amniotic fluid in milliliters was equal to gestational age in weeks. All patients had only one needle insertion. To avoid fetal bleeding during transplacental needle passage color Doppler was used to visualize chorionic vessels.

The ultrasound Doppler waveforms were obtained from a free-floating loop of the medial part of the cord at an insonation angle as low as possible but always below 30° and in the absence of fetal movements. Fetal heart rate was measured by the M mode of cardiac ventricular motion. The examinations were performed by two of the authors, and the investigator who performed the amniocentesis also performed the ultrasound measurements immediately before and after the procedure. Umbilical artery PI values and FHR were measured as the average of three consecutive heart cycles. The recordings were stored as hard copies. The intra- and interobserver variabilities for the UA PI measured as the coefficients of variation (n = 12) were 4.9% and 6.5%, respectively.

The interval from the end of the sonographic examination before amniocentesis to the end of that performed after the procedure was measured in all women. The interval from the end of the amniocentesis to the post-procedure Doppler measurements was not recorded. To estimate this interval we measured the time used to perform the actual amniocentesis in a separate group of women with transplacental (n = 17) or nontransplacental (n = 34) needle passage. The different time intervals were measured to the nearest half minute.

Follow-up data on the pregnancies and for the neonatal period were obtained by a written questionnaire or telephone interview of the women and from hospital records. The study was approved by the Regional Ethics Committee, and informed consent was obtained from the women in the main study and in the separate study on the interval.

The results were analysed using Statistical Package for Social Sciences 10.0 (SPSS Inc., Chicago, IL). The results of the ultrasound Doppler waveforms and heart rate measurements were analyzed by paired t test for differences within the groups and with unpaired Student t test for differences between the groups. Further analyses of the primary outcome variables were performed by the Levene test for equality of variance, χ2 test, bivariate correlation (Spearman rs), and multiple linear regression. The Mann–Whitney U test and χ2 test were used for analyses of the clinical data. A P value less than .05 was considered statistically significant.
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RESULTS

Two hundred five women participated in the study. Indications for amniocentesis were advanced maternal age (38 years or older at estimated date of delivery, according to national policy) (n = 136), earlier child with trisomy (n = 18), maternal anxiety (n = 5), use of antiepileptic drugs (n = 8), or sonographic soft markers of chromosomal abnormalities or minor malformations (n = 38). Chromosomal abnormalities were observed in five of the 205 pregnancies. These fetuses were excluded from further analyses.

The study group consisted of the 56 women in whom amniocentesis was performed transplacentally. The control group comprised 112 of the remaining 144 women. Clinical details for the two groups are presented in .
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Twenty of the pregnancies with ultrasonographic markers of aneuploidy or minor malformations were included in the final analysis. These observations were made at a routine scan at about 18 weeks except in one fetus with increased nuchal translucency (3.3 mm) at 12 weeks' gestation. Of these 20 pregnancies eight had more than one soft marker or minor malformation. The sonographic observations included choroid plexus cysts (n = 8), renal pelvis dilatation of 7 mm or more (n = 4), increased nuchal translucency (n = 1), nuchal fold greater than 6 mm (n = 1), echogenic intracardiac foci (n = 2), hyperechogenic bowel (n = 2), sandal gap (n = 2), cleft lip or palate (n = 2), talipes (n = 4), micrognathia (n = 1), and localized edema on the front of the thorax (n = 1). After birth no major or other minor malformations were observed in these 20 neonates.

The results concerning the influence of amniocentesis on UA PI values are presented in . No significant differences were observed between the two groups before or after amniocentesis, and there were no significant alterations within each group after the procedure. Moreover, no significant differences were observed in the SDs of the PI levels within or between the groups. The percentage of fetuses with a reduction, no change, or an increase in the PI values after the procedure did not significantly differ between the two groups. As shown in , there was no difference in FHR between the groups, and amniocentesis did not induce changes in FHR within or between the two groups.
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The UA PI values before amniocentesis were negatively correlated with gestational age (rs = −.41, P < .001). The changes in PI values after amniocentesis (values after minus values before the procedure) were not correlated with gestational age (rs = −.13, P = .09) but negatively correlated to the UA PI values before amniocentesis (rs = −.26, P = .001). In a multiple linear regression analysis with the changes in PI values as the dependent variable, the regression coefficients ± standard error (SE) were 0.031 ± 0.024 for transplacental needle passage (nonsignificant, P = .20), −0.005 ± 0.001 for gestational age in days (P = .001), and −0.270 ± 0.053 for PI values before amniocentesis (P < .001). The adjusted R for the model was 0.14.  presents the results of the changes in PI values dividing each group into three subgroups based on gestational weeks.
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Fetal heart rate before amniocentesis was negatively correlated with gestational age (rs = −.16, P = .05). The changes in FHR after amniocentesis (values after minus values before the procedure) were positively correlated with gestational age (rs = −.16, P = .05), and negatively correlated to the FHR before amniocentesis (rs = −.32, P < .001). In a multiple linear regression analysis with the changes in FHR as the dependent variable the regression coefficients ± SEs were 0.365 ± 0.799 for the method of needle passage (nonsignificant, P = .65), 0.038 ± 0.040 for gestational age in days (nonsignificant, P = .34), and −0.229 ± 0.057 for the FHR before amniocentesis (P < .001). The adjusted R for the model was 0.09.

The interval from the end of the sonographic examination before amniocentesis to the end of that after amniocentesis statistically differed (P = .02), with a median time of 10.0 minutes (range 4.5–20.0) and 8.5 minutes (5.5–14.5) in the study and control groups, respectively. The changes observed in PI values and FHR after the procedure were not correlated to this interval. In the separate study on the time used on the actual amniocentesis the median time was 4.5 minutes (2.0–7.5) versus 3.5 minutes (3.0–7.0) in the group with transplacental and nontransplacental needle passage, respectively (P = .09).

None of the patients with transplacental needle passage experienced any major complications after amniocentesis. In the control group one woman aborted spontaneously at 20 weeks' gestation. Another patient was hospitalized for 1 week because of watery discharge the day after amniocentesis, after which she had an uncomplicated pregnancy. The frequency of preterm delivery (less than 37 weeks) was six of 56 (10.7%) and five of 111 (4.5%) (P = .18) in the study and control groups, respectively. In the study group three of the women delivered between gestational weeks 30 and 34, whereas all other preterm deliveries occurred after week 34. Median gestational age at delivery was 39 weeks plus 4 days in both groups (range 30 plus 5 to 41 plus 6 in the study group and 35 plus 0 to 42 plus 5 in the control group) (P = .26). Median birth weights were 3620 g (range 1550–5030) and 3680 g (range 2250–5200) (P = .18) in the study and control groups, respectively. Craniosynostosis was diagnosed in two neonates (both nontransplacental group), one infant was treated for epilepsy at the age of 2 months (transplacental group), and three were treated for hip dysplasia (two in the transplacental group and one in the nontransplacental group). In these six pregnancies the amniocenteses were performed at a gestational age of 13 weeks plus 5 days to 15 weeks plus 1 day because of advanced maternal age.

Back to Top

DISCUSSION

Theoretically, transplacental needle passage might induce the release of vasoactive substances that could influence peripheral vascular impedance and cardiac function in the fetus. Serotonin and thromboxane A2 will be released in the case of clot formation. These substances are known to constrict the umbilicoplacental vessels.  We did not demonstrate any difference in the measured hemodynamic parameters dependent on whether amniocentesis was performed transplacentally or not. This is in accord with a smaller study on third-trimester amniocentesis.  Although the present study cannot exclude the release of and the effects of vasoactive substances after transplacental amniocentesis, they did not have any influence on the UA Doppler velocity waveforms or on FHR.

The interval from the end of the sonographic examination before amniocentesis to that after amniocentesis was longer in the transplacental group than in the non-transplacental group. As shown in the separate measurements on time expenditure the difference is mostly due to a longer time used to perform the actual transplacental amniocentesis. Thus, the interval from amniocentesis to the following Doppler measurements is assumed to be quite similar in the two groups. Weinraub et al  investigated the change in the UA systolic–diastolic ratio (S/D) at different intervals after amniocentesis. The ratio was slightly increased 10 minutes after the procedure, and a further increase was observed after 2 hours. These increases were abolished after indomethacin treatment, and the authors concluded that the changes in S/D were due to uterine contractions. Because of fetal movements we found it impossible to perform Doppler measurements at an exact interval after amniocentesis. Allowing 2–7.5 minutes for performance of the amniocentesis after the initial sonographic examination, most of our measurements were obtained within the first 5 to 6 minutes after amniocentesis. In vitro perfusion studies on human UAs have shown a maximum vasoconstrictory response 3–5 minutes after serotonin administration.  An interval of 5 to 6 minutes will thus coincide with a possible acute effect after the release of vasoactive substances from the placenta after transplacental needle passage, and such an effect would not be disturbed by an effect due to uterine constrictions. We did not observe any differences in PI values or FHR dependent on the measured interval in either group. However, this was not a primary aim of our study, and an effect after a longer time interval cannot be excluded.

After chorionic villus sampling (CVS), Zoppini et al  observed a larger variation in FHR and UA PI relative to a control group without any invasive procedure. In the present study there were no significant differences between the two groups either in the SDs of the changes observed or in the percentages of fetuses with an increase or a decrease in the measured values after amniocentesis. However, from the present study we can only make inferences concerning transplacental versus nontransplacental needle passage, and not of amniocentesis as such because we did not include any control group without invasive procedures. Chorionic villus sampling is usually performed at an earlier gestational age than the present study and has to be regarded as a more traumatic procedure to the placenta than amniocentesis. In accordance with that assumption Martinez et al  observed a significant increase in UA PI values after CVS at a gestational age of 11 weeks or lower, whereas no changes were observed at a later gestational age. In the present study linear regression revealed a significant influence of gestational age on the changes in UA PI. Amniocentesis might thus represent different physiologic challenges to the fetus dependent on duration of pregnancy. However, the gestational age of the study population was skewed, with fewer pregnancies at higher gestational ages, and further speculations do not seem warranted.

The changes in UA PI and FHR were negatively correlated to UA PI and FHR before amniocentesis, respectively. This implies that high values before amniocentesis were related to a decrease and low values to an increase in the respective variables after the procedure. This phenomenon might be due to the normal variability of UA PI and FHR, which are known to increase during the gestational age represented in the present study.  However, to investigate this issue a control group without amniocentesis has to be included.

Besides CVS, cordocentesis has also been observed to induce changes in fetal hemodynamic variables. Third-trimester cordocentesis caused a decrease in FHR and UA PI, whereas in the same study no changes were observed after amniocentesis performed at the same gestational age.  Other studies have also shown a decrease in UA PI after cordocentesis that was similar  or larger  after transplacental versus nontransplacental needle passage. Generally, in the third trimester puncture of the umbilical vein wall seems to induce larger vasoactive changes than transplacental needle passage.

After birth, the included fetuses did not show malformations that might have interfered with the measured values other than those observed at the time of amniocentesis. Especially, no major cardiovascular malformations were observed. Two infants had craniosynostosis. To our knowledge no reports have indicated any relation to amniocentesis. Only one CVS series has reported the occurrence of craniosynostosis after such a procedure.  Three neonates (1.8%) were treated for hip dysplasia. Earlier and larger series have reported a lower incidence both in early and in second-trimester amniocentesis,  and the incidence has been shown to be unaltered relative to a control group without amniocentesis.  The frequency of serious pregnancy complications was within the expected range. One spontaneous abortion occurred in the control group, and the rate of preterm deliveries was nonsignificantly larger in the study group. However, the present study is too small to make any further inference on clinical outcome after transplacental versus nontransplacental needle passage.

In conclusion, transplacental needle passage during amniocentesis did not induce any significant alterations in UA Doppler flow velocity waveforms or in FHR relative to a group with nontransplacental amniocentesis.
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Table 3. Fetal Heart Rate Before and After Amniocentesis in the Two Groups (Transplacental Versus Nontransplacental
Needle Passage) and the Changes Observed Within Each Group After the Procedure

Transplacental needle passage
(study group, n = 56)

Nontransplacental needle passage

(control group, n = 112) P

FHR (bpm) before amniocentesis 1508 = 6.9 1518 £ 65 40
(mean * SD)

FHR (bpm) after amniocentesis 1508 + 7.6 151267 5
(mean + SD)

Changes in FHR (bpm) afier 0058 6+ 47 51
amniocentesis (mean + SD)

No. of fetuses with a reduction in 19 (33.9) 51(45.5)
FHR [n (%))

No. of fetuses with no change in 15 (26.8) 23 205) k"
FHR [ (%)]

No. of fetuses with an increase in 22 39.3) 38(33.9)
FHR [n (%))

FHR = fotal heart rate; bpm = beats per minute,
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Table 4. Changes in Umbilical Artery Pulsatility Index After Amniocentesis (Pulsatility Index Values After Minus Pulsatility

Index Values Before Amniocentesis) at Different Gestational Ages

Transplacental needle passage

Nontransplacental needle passage

(study group, n = 56) (control group, n = 112) P
Gestational weck 13 (91-97 d) 0.01=0.20 (2= 19) 0.01 = 0.15 (n=32) 9
Gestational week 14 (98104 d) 0.03 % 017 (n = 19) ~0.03 % 0.13 (n = 41) 13
Gestational week 15 or more ~0.04 £ 018 (n = 18) ~0.05 % 0.16 (n = 39) 88

(105-139 days)

Mean values * standard deviations.
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Table 1. Clinical Data for the Patients in the Two Groups With Transplacental Versus Nontransplacental Needle Passage

During Amniocentesis

Transplacental needle passage
(study group, n = 56)

‘Nontransplacental needle passage
(control group, n = 112)

Maternal age (y) [median (range)]
Gestational age at amniocentesis
(wk + d), [median (range)]
Ealier pregnancies (1 ()]
0

1
=

Ealier births (1 (%))
0

1
=

Indication for amniocentesis [1 (%))
‘Advanced maternal age
Earlier child with ancuploidy
Maternal ansiety
Antiepileptic drugs
Sonographic markers

Placental location [n (%)}*
Anterior
Posterior
Lateral
Fundus
Placenta previa totalis

39.0 (20-45)
1442503+ 1018 +6)

9(16.1)
13 232)
34(60.7)
16 (28.6)
17 (30.4)
23 (41.1)
40 (71.4)

3(54)

7(12.5)
55(98.2)

108)

38.0 (17-44)
U+3(3+1018+4)

15 (13.4)
22 (19.6)
75 (67.0)

24 21.4)
34(304)
54 (18.2)

81(723)

4(3.6)
13 (11.6)

24 21.4)
77 68.8)
6(5.4)
4(.6)
1(0.9)

*P< 001 between the two groups.
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Table 2. Umbilical Artery Pulsatility Index Before and After Amniocentesis in the Two Groups (Transplacental Versus
Nontransplacental Needle Passage) and the Changes Observed Within Each Group After the Procedure

Transplacental needle Nontransplacental needle
passage (study group, passage (control group,
n = 56) n=112) P

PI before amniocentesis (mean = SD) 1.65 = 0.25 1.63 = 0.24 63
Pl after amniocentesis (mean * SD) 1.65 *+ 0.26 1.60 = 0.24 26
Changes in P1 afier amniocentesis (mean * SD) 000 =018 ~0.03 +015 31
No. of fetuses with a reduction in PI [n ()] 32 (57.1) 58 (518)
No. of fetuses with no change in PI [n ()] 1(18) 5 (4.5) 60
No. of fetuses with an increasc in PI [n (%)] 23 (41.1) 49 (43.8)

Pl = pulsatility index.






