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Abstract
Objective: To perform a meta-analysis for an assessment of the risk of preeclampsia or gestational hypertension following chorionic villus
sampling (CVS).

Data source: PubMed was systematically searched from its inception through January 2016.
Material and Methods: Nine reports were identified. A pre-specified scale was used to assess their quality.
Tabulation, integration, and results: We performed pooling into three subgroups with respect to the control group: A) Patients with no
invasive prenatal diagnostic procedure served as a control group for comparison. The odds ratios for gestational hypertension (0.76, 95% CI
0.46–1.26), preeclampsia (0.83, 95% CI 0.42–1.67), and severe preeclampsia (0.49, 95% CI 0.04–5.78) or when hypertension categories were
pooled (0.80, 95% CI 0.46–1.41) were not significantly different. B) Patients with midtrimester diagnostic amniocentesis and patients with no invasive prenatal diagnostic procedure were combined as a control group for comparison. The odds ratios for preeclampsia (1, 95% CI 0.46–2.18),
severe preeclampsia (0.83, 95% CI 0.14–4.85), and pooled hypertension categories (1.07, 95% CI 0.63–1.84) were not significantly different. C)
Patients with midtrimester diagnostic amniocentesis served as a control group. There was a significant difference in the odds ratio for preeclampsia between the CVS and amniocentesis groups (2.47, 95% CI 1.14–5.33). There was a marginal difference in the odds ratio for combined
pregnancy-induced hypertension categories between the CVS and amniocentesis groups (1.61, 95% CI 1.02–2.53).
Conclusion: The available data do not indicate an increased risk of preeclampsia or gestational hypertension following first trimester CVS. The
heterogeneity and retrospective design of existing studies are limiting factors for our analysis and findings.
(J Turk Ger Gynecol Assoc 2016; 17: 65-72)
Keywords: Meta-analysis, chorionic villus sampling, preeclampsia, midtrimester diagnostic amniocentesis

Received: 8 February, 2016 Accepted: 22 March, 2016

Introduction
Preeclampsia affects 5%–8% of all pregnancies. Together
with the other hypertensive disorders of pregnancy, including
gestational hypertension, it is a major contributor to maternal and perinatal morbidity and mortality (1, 2). Although
significant advances have been made in elucidating the
etiopathogenesis of preeclampsia, the identification of the
specific cause(s) of this syndromic disorder remains elusive;
therefore, it continues to be classified as a syndrome and not
a single disease entity (3).
Current knowledge about the pathogenesis of preeclampsia
suggests that altered placental development and disturbances
in the transformation of the spiral arteries in early pregnancy
play critical roles in the progression of events that initiate a

spectrum of pregnancy-induced hypertensive disorders (4, 5).
The first trimester diagnostic procedure of chorionic villus sampling (CVS) has been shown to cause some degree of bleeding and disruption at the feto-maternal placental interface,
which is demonstrated by elevated maternal levels of alphafetoprotein and pregnancy-associated plasma protein A (6, 7).
This disruption in the developing placental-decidual interface
secondary to CVS during early pregnancy has been postulated
to potentially cause subsequent abnormal placental development. A possible consequence of CVS could be an increased
occurrence of hypertensive complications of pregnancy (8).
Here, we will review the recent literature and update our previous systematic review and meta-analysis (9) to investigate
the potential role of CVS in increasing the subsequent rate of
occurrence of preeclampsia and gestational hypertension.
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Material and Methods
The current meta-analysis conforms to the guidelines outlined
by the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) and was performed in accordance with the indicated
statement (10).
Search strategy
We searched PubMed from its inception through January 2016 to
identify studies that evaluated CVS and the subsequent occurrence
of preeclampsia or gestational hypertension (Figure 1). The search
terms and queries that were used in the PubMed search are provided in Table 1. We discovered additional studies by searching the
bibliographies of the discovered studies, letters to editors, guidelines, and review articles and included these citations if they were
found to be relevant to the subject matter being studies.
54 potentially relevant articles
(Query for PubMED)
Articles screened based on
title and abstract
35 not relevant
19 articles retrieved and
screened based on fulltext
10 articles excluded on fulltext search
- Review
- Comment/editorial/1
- Research article 8
9 articles included
- Sotiriadis et al. (26)
- Daskalakis et al. (20)
- Maruotti et al. (24)
- Lindgren et al. (23)
- Khalil et al. (22)
- Odibo et al. (25)
- Grobman et al. (21)
- Adusumalli et al. (19)
- Silver et al. (8)

Figure 1. Search strategy
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Study selection
The relevant studies were independently reviewed by two
reviewers to grade them for quality and to determine their eligibility for inclusion in this systematic review and meta-analysis
according to the following criteria:
a) Studies designed to compare CVS with a control group and/
or amniocentesis and/or
b) Studies that report odds ratios (ORs) or data for the occurrence of preeclampsia and/or gestational hypertension as
acute-onset, non-chronic hypertensive complications of
pregnancy; and
c) Studies in the English language.
Assessment of reporting and study quality
The two reviewers independently and separately evaluated the
reporting and study quality of the included studies. The two
reviewers undertook this task using a pre-specified assessment
scale, which was developed for the evaluation of the methodology used in retrospective clinical studies (11). Discussions
about the interpretation and scoring of the checklist were
undertaken before the initiation of the assessment and data
abstraction procedure. Several items of the indicated quality assessment checklist were irrelevant and were accordingly
removed. The maximum overall score that was possible using
the customized quality assessment checklist was 22. To evaluate each individual study independently, associated spreadsheets were arranged for each reviewer for their assessment of
the included studies.
Data abstraction
From the manuscripts that were determined to be appropriate
for inclusion in the analysis, information regarding the year of
the study, design of the study (retrospective versus prospective), sample size, nulliparity, maternal age, smoking status,
body mass index, and hypertensive complications of pregnancy, which included gestational hypertension, preeclampsia,
and severe preeclampsia, were extracted when available. Table
2 lists the characteristics of the studies and the extracted information. Two reviewers independently extracted the data, which
were cross-checked by the authors (Table 3). We discussed any
discrepancies between the two reviewers. Discrepancies were
resolved by consensus among the authors.

Table 1. Search terms and query for PubMed search
Search terms

“Villus sampling,” “chorionic villus sampling,” “chorionic villi sampling,” “chorionic villous sampling,”
“CVS,” “invasive diagnostic procedure,” “prenatal invasive,” “hypertensive disorders,”
“preeclampsia,” “pre-eclampsia,” “pregnancy induced hypertension,” “PIH,” “eclampsia,”
“hypertension,” “pregnancy,” “proteinuria”

Query for PubMed

(“Chorionic Villous Sampling”[TIAB] OR “Chorionic Villus Sampling”[TIAB] OR “CVS”[TIAB] OR
“invasive diagnostic procedure”[TIAB] OR “Chorionic Villi Sampling”[MeSH Terms]) AND
(“Hypertension, Pregnancy-Induced”[MeSH Terms] OR “Pre-eclampsia”[MeSH Terms] OR
“preeclampsia”[TIAB] OR “Pregnancy induced hypertension”[TIAB] OR “PIH”[TIAB] OR “gestational
hypertension”[TIAB] OR (“hypertensive disorder”[TIAB] AND “pregnancy”[TIAB]) OR
(“hypertension”[TIAB] AND “pregnancy”[TIAB] AND “proteinuria”[TIAB]) OR (“hypertensive
disorders”[TIAB] AND “pregnancy”[TIAB]) OR “eclampsia”[TIAB])
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Table 2. Characteristics of the studies included in the meta-analysis
Number of
Number of
Number of 			
Body mass Smoking
participants
participants
participants
Maternal Nulliparity
index
status
who underwent who underwent with no invasive age control/
control/
control/
control/
amniocentesis
CVS
procedure CVS groups CVS groups CVS groups CVS groups

		
Study
Study/year
design
Sotiriadis et al. (26)

Retrospective

-

437

Daskalakis et al. (20)

Retrospective

6875

Maruotti et al. (24)

Retrospective

-

Lindgren et al. (23)

2969

31.7/35.2

-

24.4/24.5

11%/9.8%

3243

-

30.0/35.5

41.1%/45.1%

28.4/28.3

6.5%/6%

219

553

-

-

-

-

Retrospective

21748

1984

47854

-

18.8%/15.3%

-

19.8%/15.4%

Khalil et al. (22)

Part of prospective
ongoing trial

-

2278

28860

32.1/35.8

48.9%/35.2%

24.2/24.4

8.2%/8.8%

Odibo et al. (25)

Retrospective

-

5232

4136

31.6/37.8

33.1%/26.2%

-

8.7%/9.8%

Grobman et al. (21)

Retrospective

501

152

653

35.9/37.4

41.4%/38.8%

29.5/29.2

1.6%/1.3%

Retrospective

-

1540

840

33.6/38.6

-

25.5/29.3

-

Secondary analysis
of a randomized
trial

1820

1878

-

-

-

-

-

Adusumalli et al. (19)
Silver et al. (8)

BMI: body mass index; CVS: chorionic villus sampling

Table 3. Outcomes according to the type of hypertensive pregnancy disorder
PRE			SPRE			GH			
MAPHT		
Study/Year
Sotiriadis et al. (26)

CVS
14/437

AMNIO Control
-

Daskalakis et al. (20) 78/3165 53/6822
Maruotti et al. (24)
Lindgren et al. (23)

5/219

-

CVS AMNIO Control

37/2969

-

-

-

-

-

-

-

48/553

-

-

-

-

-

-

-

-

-

Khalil et al. (22)

43/2278

-

654/28860

-

-

-

Odibo et al. (25)

83/5096

-

203/4002 8/5096

5/152

Grobman et al. (21)

-

CVS
-

AMNIO Control
-

44/3199 62/6813
-

-

-

-

62/2278		

45/4002 55/5096

-

CVS

AMNIO

Control

-

-

-

-

-

122/3121

115/6760

-

-

-

-

-

-

98/1984

955/21748 2106/47854

795/28860 105/2278

-

1449/28860

80/4002 138/5096

-

283/4002

12/501

8/653

-

-

-

-

-

-

-

-

-

Adusumalli et al. (19) 56/1540

-

33/840

28/1540

-

9/840

7/1540

-

4/840

76/1540

-

37/840

Silver et al. (8)

-

-

-

-

-

-

102/1878

64/1820

-

-

32/1878 13/1820

PRE: preeclampsia; SPRE: severe preeclampsia; GH: gestational hypertension; MAPHT: merged acute pregnancy-induced hypertensive disorders; CVS: chorionic
villus sampling; AMNIO: amniocentesisT

Statistical analysis
Heterogeneity among the included studies was assessed using
the I2 statistic. Thresholds for the interpretation of the I2 statistic
were adapted from the Cochrane Handbook for Systematic
Reviews of Interventions (12, 13). A guide to the interpretation of
the I2 statistic is provided in Table 4 (12). The DerSimonian–Laird
random-effects model was applied in the statistical analyses that
were performed in this meta-analysis. We used RevMan® version 5 (The Cochrane Collaboration; Copenhagen: The Nordic
Cochrane Centre, Copenhagen, Denmark) for the calculation of
effect sizes and the corresponding 95% confidence intervals (14).
The results of scoring according to the customized checklist that
was used to assess the methodological quality of the included
studies are presented in Table 5. We used Cohen’s kappa to
determine the reliability of the checklist scores between the two
reviewers. Values of Cohen’s kappa were calculated using IBM
SPSS® version 21 (IBM Corp.; Armonk, New York, USA) (15).
We used the classification suggested by Landis and Koch for the

interpretation of the values of Cohen’s kappa (Table 6) (16). The
prevalence rates of preeclampsia and merged acute pregnancyinduced hypertensive disorders among the pooling groups were
compared using the Chi-square test with post hoc testing. For
post hoc testing, we used adjusted standardized residuals and
calculated p-values, which were evaluated for significance testing using the Bonferroni correction (17, 18).

Results
Our search of PubMed yielded nine studies that were eligible for
consideration (8, 19–26). All of the identified studies were used
in pooling and calculation of effect sizes, where appropriate,
according to the pregnancy complication (Figure 1, Table 3).
Midtrimester diagnostic amniocentesis was performed in four
of the included studies, which were used as a control group
for comparison where applicable (8, 20, 21, 23). We performed
pooling into three subgroups according to the control group
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used for comparison: A) Patients with no invasive prenatal diagnostic procedure whatsoever (no invasive) (first pooling group);
B) Patients with no invasive prenatal diagnostic procedure (no
invasive) combined with patients who underwent midtrimester
diagnostic amniocentesis (second pooling group); and C) Only
patients who underwent midtrimester diagnostic amniocentesis (third pooling group).

Table 4. Ranges for the interpretation of the I2 statistic
according to the Cochrane Handbook for Systematic Reviews of Interventions
I2 statistic

Interpretation

0%–40%

might not be important

30%–60%

may represent moderate heterogeneity

50%–90%

may represent substantial heterogeneity

75%–100%

considerable heterogeneity

Table 5. Scores of the studies for methodological quality
and respective values of Cohen’s kappa
Study/year

Reviewer #1 Reviewer #2 Kappa value

First pooling group
The prevalence rates of preeclampsia were 2.12% (206/9,722)
in the CVS patient group and 2.59% (983/37,877) in the control
group. The I2 statistic was 92%. No significant difference was
found in the OR for preeclampsia between the CVS and control
groups (0.83, 95% CI 0.42–1.67) (Figure 2).
The prevalence rates of severe preeclampsia were 0.54%
(36/6,636) in the CVS patient group and 1.12% (54/4,842) in the
control group. The I2 statistic was 95%. No significant difference
was found in the OR for severe preeclampsia between the CVS
and control groups (0.49, 95% CI 0.04–5.78) (Figure 3).
The prevalence rate of gestational hypertension was 1.39%
(124/8,914) in the CVS patient group and 2.61% (879/33,702) in
the control group. The I2 statistic was 74%. No significant difference was found in the OR for gestational hypertension between
the CVS and control groups (0.76, 95% CI 0.46–1.26) (Figure 4).
The combination of all patients with preeclampsia or gestational hypertension led to prevalence rates of 3.83% (417/10,898) in
the CVS patient group and 4.75% (3,875/81,556) in the control
group. The I2 statistic was 96%. No significant difference was
found in the OR for preeclampsia and gestational hypertension

Sotiriadis et al. (26)

19

17

0.752

Daskalakis et al. (20)

15

15

0.794

Maruotti et al. (24)

4

4

0.623

Kappa value

Interpretation

Lindgren et al. (23)

9

11

0.802

<0.00

Poor

Khalil et al. (22)

15

15

1

0.00–0.20

Slight

Table 6. Classification of Landis and Koch for values of
Cohen’s kappa

Odibo et al. (25)

17

18

0.897

0.21–0.40

Fair

Grobman et al. (21)

16

15

0.893

0.41–0.60

Moderate

Adusumalli et al. (19)

18

17

0.897

0.61–0.80

Substantial

Silver et al. (8)

16

16

0.775

0.81–1.00

Almost perfect

Figure 2. Forest plot of odds ratios for preeclampsia in the first pooling group

Figure 3. Forest plot of odds ratios for severe preeclampsia in the first pooling group
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combined between the CVS and control groups (0.80, 95% CI
0.46–1.41) (Figure 5).
Second pooling group
The prevalence rates of preeclampsia were 2.2% (284/12,887)
in the CVS patient group and 2.32% (1,048/45,200) in the pooled
control group. The I2 statistic was 96%. No significant difference
was found in the OR for preeclampsia between the CVS and
combined control groups (1.0, 95% CI 0.46–2.18) (Figure 6).
A diagnosis of severe preeclampsia occurred in 0.80% (68/8,514)
of the CVS patient group and 1.01% (67/6,662) of the study
subjects in the combined control groups. The I2 statistic was
94%. No significant difference was found in the OR for severe
preeclampsia between the CVS and combined control groups
(0.83, 95% CI 0.14–4.85) (Figure 7).
Either preeclampsia or gestational hypertension was diagnosed
in 4.06% (641/15,897) of the CVS patient group and 4.66%
(5,009/111,884) of the combined control group. The I2 statistic
was 96%. No significant difference was found in the OR for
combined acute pregnancy-induced hypertensive disorders
between the CVS and combined control groups (1.07, 95% CI
0.63–1.84) (Figure 8).
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Third pooling group
In two of the nine studies that were aggregated for this metaanalysis (20, 21), patients who underwent midtrimester diagnostic amniocentesis but not CVS were utilized as a control
group to assess any potential relationship with preeclampsia.
The prevalence rates of preeclampsia were 2.5% (83/3,317) in
the CVS patient group and 0.89% (65/7,323) in the midtrimester
diagnostic amniocentesis patient group. The I2 statistic was 55%.
A significant difference was observed in the OR for preeclampsia
between the CVS patient group and the midtrimester diagnostic
amniocentesis patient group (2.47, 95% CI 1.14–5.33) (Figure 9).
Moreover, in three of the included studies (8, 20, 23), data were
available to evaluate merged acute pregnancy-induced hypertensive disorders in patients who only underwent midtrimester
diagnostic amniocentesis. The prevalence rates of merged
acute pregnancy-induced hypertensive disorders were 4.61%
(322/6,983) in the CVS patient group and 3.74% (1,134/30,328) in
the midtrimester diagnostic amniocentesis patient group. The I2
statistic was 89%. A marginal difference was observed in the OR
for merged acute pregnancy-induced hypertensive disorders
between the CVS and midtrimester diagnostic amniocentesis
patient groups (1.61, 95% CI 1.02–2.53) (Figure 10).

Figure 4. Forest plot of odds ratios for gestational hypertension in the first pooling group

Figure 5. Forest plot of odds ratios for all pregnancy-induced hypertensive disorders in the first pooling group

Figure 6. Forest plot of odds ratios for preeclampsia in the second pooling group
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Figure 7. Forest plot of odds ratios for severe preeclampsia in the second pooling group

Figure 8. Forest plot of odds ratios for all pregnancy-induced hypertensive disorders in the second pooling group

Figure 9. Forest plot of odds ratios for preeclampsia in the third pooling group

Figure 10. Forest plot of odds ratios for all pregnancy-induced hypertensive disorders in the third pooling group

Discussion
Among the studies that were included in the present metaanalysis, that by Silver et al. (8) constituted the stimulus for
the subsequent research efforts. Two of the nine reports that
met the criteria for this meta-analysis suggested that the risk
for preeclampsia was reduced after a CVS procedure (24, 25).
On the other hand, three reports suggested that the risk for preeclampsia was increased after a CVS procedure (8, 20, 26). No
significant effect of CVS on the risk of subsequent preeclampsia
in either way was reported in the other four reports that were
identified for our analysis (19, 21–23). Considerable heterogeneity was noted during pooling of the studies. The observed
values of the I2 statistic during our analysis ranged between
55% and 96%.

For our analysis of the data from the collected nine studies (8,
19–26), we created three pools of patients, as indicated previously. In the first two pooling groups, we did not find evidence
of an increased risk for preeclampsia, severe preeclampsia,
or gestational hypertension following the performance of first
trimester CVS. However, in the last pooling group, the risk of
preeclampsia appeared to increase following CVS (Figures 9
and 10).
The prevalence rates of preeclampsia were between 1.6% and
3.6% and between 0.8% and 8.6% in the CVS and control groups,
respectively, in the studies that were evaluated for this analysis.
Most of the individually reported rates were considerably lower
than the typically reported prevalence of preeclampsia of 5%–8%
(2). Nevertheless, a recent prospective randomized study, which
included only nulliparous women, reported an occurrence of
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preeclampsia of approximately 7% (27). It is notable that the
rates of nulliparity varied between 15.3% and 48.9% among the
nine reports, with the largest study having a considerably lower
rate of nulliparity in comparison with the other studies (Table 2).
Therefore, the relatively low prevalence of preeclampsia among
the pooled studies may in part be due to the low nulliparity rate
and the retrospective structure of the included studies.
To investigate the sources of the differences between the three
pooling groups, we constructed tables for the assessment
of prevalence. In Tables 7 and 8, the rates of preeclampsia
and merged acute pregnancy-induced hypertensive disorders
according to the three pooling groups are provided. Firstly, the
rates of preeclampsia were similar among the CVS arms of
the three pooling groups (p=0.447) (Table 7). Secondly, Chisquare testing indicated a marginal difference for merged acute
pregnancy-induced hypertensive disorders (p=0.042), which
lost its significance after post hoc testing among the CVS arms
of the three pooling groups (Table 8). However, the rates of preeclampsia and merged acute pregnancy-induced hypertensive
disorders among the control arms of the three pooling groups
were significantly different from each other (p<0.001) (Table 7,
8). Post hoc testing indicated that the rates were significantly
lower in the control arm of the third pooling group (p<0.001).
The significantly lower rates of preeclampsia and merged acute
pregnancy-induced hypertensive disorders in the control arm
of the third pooling group mostly originated from the study of
Daskalakis et al. (20). In this study, it is notable that 83.1% of the
study subjects underwent CVS for an indication of thalassemia,
and the nulliparity rate was significantly higher in the CVS group

Table 7. Prevalence of preeclampsia according to the three
pooling groups
Chorionic villus
sampling group

Control group

A

2.12%

2.59%

B

2.2%

2.32%

C

2.5%

0.89%

Pooling group

A: patients with no invasive procedures served as the control group
(first pooling group); B: patients with no invasive procedures combined
with patients who underwent midtrimester diagnostic amniocentesis
served as the control group (second pooling group); C: patients who
underwent midtrimester diagnostic amniocentesis but not chorionic
villus sampling (CVS) served as the control group (third pooling group)

Table 8. Prevalence of merged acute pregnancy-induced
hypertensive disorders according to three pooling groups
Chorionic villus
sampling group

Control group

A

3.83%

4.75%

B

4.06%

4.66%

C

4.61%

3.74%

Pooling group

A: patients with no invasive procedures served as the control group
(first pooling group); B: patients with no invasive procedures combined
with patients who underwent midtrimester diagnostic amniocentesis
served as the control group (second pooling group); C: patients who
underwent midtrimester diagnostic amniocentesis but not chorionic
villus sampling (CVS) served as the control group (third pooling group)
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(20). Daskalakis et al. (20) emphasized that anemia secondary
to thalassemia is a protective factor against preeclampsia (28).
Hence, they concluded that despite the purported protective
effect of undergoing CVS in a thalassemic patient, CVS actually
increased the risk for preeclampsia. In contrast, Hangrasertpong
et al. (29) reported outcomes for thalassemia traits recently and
debated the pros and cons of a purported protective effect
of thalassemia against preeclampsia. Their data revealed a
marginally higher risk of preeclampsia in patients that carried
a thalassemia trait [OR 1.73 (95% CI 1.01–3.00)] (29). Another
important weakness of the conclusions of Daskalakis et al.
(20) was the performance of multiple regression analysis that
excluded information regarding nulliparity and anemia. To
strengthen their conclusions, nulliparity and the presence of
anemia should have been included in the regression analysis.
Similarly, Sotiriadis et al. (26) reported increased rates of preeclampsia after CVS [3.2% vs. 1.6%; OR 2.62 (95% CI 1.41–4.89)],
but after controlling for confounding factors in their logistic
regression analysis, the performance of CVS lost its effect. Thus,
the results shown for the third pooling group are weakened and
are likely due to a sampling error. Interpreted in this context,
the data in Tables 7 and 8 suggest that midtrimester diagnostic
amniocentesis has either no effect or perhaps an ironic protective effect in reducing the occurrence of preeclampsia. Figures
6 and 8 incorporate most of the available data and provide the
best summary result, which indicates that CVS has no effect on
the occurrence of preeclampsia.
The grading scores of the investigations chosen for inclusion
in this meta-analysis according to the checklist are shown in
Table 5. The two investigations reported by Lindgren et al. (23)
and Maruotti et al. (24) are conspicuous by the fact that their
scores were low compared with the others. This finding was
not expected, particularly for the Lindgren report given the
large number of included subjects. The two reviewers indicated
average scores for the other included studies. The scores that
are indicated in Table 5 reflect the moderate methodology and
reporting quality of the studies in this analysis.
It is important to note the limitations of the current metaanalysis. To begin with, none of the studies in this analysis were
structured as a randomized prospective clinical trial designed
to study the effect of CVS on the subsequent occurrence of
preeclampsia. On the other hand, portions of two trials had
some prospective components (8, 22). The report of Silver et
al. (8) was a secondary analysis of a randomized trial, which
was underpowered owing to difficulties in obtaining the necessary sample size (30). In addition, the report of Khalil et al.
(22) indicated that their trial was part of an ongoing prospective
study, but actually the outcomes were acquired retrospectively.
Therefore, the trials of Khalil et al. and Silver et al. were analyzed with other trials. Amongst the studies included in this
meta-analysis, only Adusumalli et al. (19) performed a power
analysis. They calculated that 1471 patients were necessary
in each arm to achieve sufficient statistical power to avoid the
trial being underpowered. In the current meta-analysis, we
observed considerable heterogeneity. As a result of the significant heterogeneity observed among the results, the power of
this meta-analysis is limited (31).
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In summary, the aggregated available information suggests that
CVS does not have a significant adverse impact on future pregnancy outcomes with regard to the occurrence of acute hypertensive disease in the form of either gestational hypertension
or preeclampsia. We acknowledge that our review is limited by
considerable heterogeneity and the retrospective design of the
available studies, which are prone to sampling error. Prospective
randomized clinical trials are clearly required to determine with
confidence if first trimester CVS performed via either the transvaginal or transabdominal route has a significant adverse impact
upon the later development of pregnancy-specific hypertension.
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