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ABSTR ACT Objective: To investigate the possible effects of isolated fetal choroid plexus cysts
(CPCs) on middle cerebral artery (MCA) Doppler parameters. Material and Methods: A total of 113
pregnant women at 18 to 22 gestational weeks in whom level 2 ultrasonography (USG) was performed between August 2017 and January 2018 were included in the study. Fifty-five women
(CPC group) had isolated fetal CPC, whereas 58 women (control group) had no fetal structural
anomaly. We measured the following MCA Doppler parameters of fetuses: peak systolic velocity
(PSV), end-diastolic velocity (EDV), the systolic/diastolic ratio (S/D), pulsatility index (PI), and resistance index (RI). We examined whether a significant difference exist between the CPC and
control groups, and between the CPC and contralateral sides with respect to the Doppler parameters. Results: We found that cysts were present in the right lateral ventricle in 49.1% (n=27) ina
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horoid plexuses are highly vascularized secretory tissues that produce cerebrospinal fluid (CSF) in the brain. Its development starts in
the lateral ventricles at the sixth gestational week and by the ninth
gestational week, it acquires the ability to produce CSF. The anterior and
posterior choroidal arteries supply blood to the choroid plexus and its anterior branch is derived from the middle cerebral artery (MCA).1 Choroid
plexus cysts (CPCs) are fluid-filled structures that are formed in the fetus
when CSF gets trapped in the intervillous clefts of the rapidly growing
choroid plexuses.2,3 These cysts are visible as lesions in the routine secondtrimester obstetric ultrasonography (USG) with a frequency of 0.5% to
3.6%.4 These can be unilateral or bilateral and single or multiple.5 In an obstetric USG, CPCs are seen in an axial plane in the atrial portions of the lateral ventricle, generally at the level of the glomus. The real CPCs appear as
round sonolucent structures with internal septations and may protrude into
the ventricular cavity.5,6
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Choroid plexus cysts are generally benign malformations and tend to resolve by the 25th to 28th
gestational week. In rare cases, these may coexist
with fetal aneuploidy, particularly trisomy 18. In
routine obstetric practices, prenatal invasive procedure is recommended when it coexists with an
additional soft marker.6 If CPCs do not resolve,
these may obstruct the flow of spinal fluid, thereby
causing ventriculomegaly by creating a mass effect
with a shift to the foramen of Monro. In the neonatal period, this may cause neurological symptoms
by increasing the intracranial pressure.7

Fetal measurements and the MCA Doppler
index measurements were performed with the Voluson E6 Expert (General Electric; Zipf, Austria).
The USG examinations were performed by a single
investigator (C.I.). For Doppler measurements, the
insonation angle was held at <30 degrees with a
sample volume at 2 mm. The right and left MCA
Doppler measurements were taken from the distal
portion of the vessel that was 1 cm away from its
origin from the circle of Willis. The Doppler parameters including peak systolic velocity (PSV),
end-diastolic velocity (EDV), systolic/diastolic
(S/D) ratio, pulsatility index (PI), and resistance
index (RI) were calculated automatically with USG.
The size of CPCs was measured at the widest axis.

The present study investigated whether CPCs,
which are generally considered benign and temporary lesions, could affect MCA Doppler parameters
by creating a possible mass effect in the second
trimester.

First, size and location (side) of CPCs were
recorded. The MCA Doppler parameters of the
CPC and contralateral sides were then measured.
Similarly, the MCA Doppler parameters were
measured for both sides in the control group. We
next examined whether there existed a difference
between the Doppler parameters of the two sides
in the control group. We also investigated whether
a significant difference existed in Doppler parameters between the CPC side and contralateral side in
the CPC group and also between these parameters
in the CPC and control groups.

MATERIAL AND METHODS

The present prospective study was conducted between August 2017 and January 2018 at the Faculty of Medicine, Division of Perinatology, Trakya
University. The ethical consent was obtained from
the Ethics Committee of Trakya University (Approval number: 2017/306, decision number: 20/23,
2017). The study was conducted in accordance
with the Helsinki declaration. Written consents
were received from all patients before the study.

STATISTICAL ANALYSIS

Our study included 113 pregnant women at 18
to 22 gestational weeks who presented to our clinic
between the specified duration. Fifty-five of them
had isolated fetal CPC (CPC group) and 58 did not
have CPC (control group). Gestational age was determined according to the last menstrual period
corrected with first-trimester USG measurements.
CPC group did not report any additional fetal
pathology, and the control group did not have any
structural anomaly. The exclusion criteria included
having additional structural fetal anomalies along
with CPC, having other soft markers, multiple
pregnancies, fetal chromosomal anomalies, oligopolyhydramnios, fetal growth retardation, perinatal infections, using drugs that affect vascular tone
(such as antihypertensive drugs), and maternal
chronic diseases.

The SPSS version 22.0 (IBM Corp; Armonk, NY,
United States) was used for statistical analysis. The
data were evaluated using descriptive statistical
methods (mean, standard deviation, standard error,
median, first and third quartiles, frequency, percentage, minimum, and maximum). The conformity of quantitative variables to a normal
distribution was tested using the Shapiro-Wilk test
and by graphical evaluation. An independent
groups t-test was used for evaluating the normally
distributed variables between the two independent
groups. The Mann-Whitney U test was used for
evaluating the non-normally distributed variables
between the two independent groups. Dependent
groups t-test was used for evaluating normally distributed variables between the right and left sides.
Generalized linear mixed models were used for
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TABLE 1: Demographic characteristics of the cases according to groups.
Maternal age (years; mean ±s.d.)

‡
‡
‡

Gestational age (weeks)

Male

Female
b
c

2 (1-3)

2 (1-3)

29.67 ±0.87

a

1 (0-2)

b

1 (0-2)

19.57 (18.86-21)

Fetal gender; n (%)

a

Control group

28.43 ±6.45

Gravidity (n)
Parity (n)

CPC group

b

20 (19-21)

n (%)

b

n (%)

26 (47.3)

28 (48.3)

29 (52.7)

c

30 (51.7)

p

0.272
0.728
0.869
0.179

0.915

Independent samples t-test
Mann-Whitney U test

Pearson's chi-square test

‡Values are reported as median (first quartile, third quartile).

**p<0.01

CPC: choroid plexus cysts, s.d.: Standard deviation.

comparing PSV, EDV, S/D, and PI and RI values of
study-healthy, study-patient, and control group
cases. Pearson‘s chi-square test and one-sample chisquare test were utilized to compare the qualitative
data. The statistical significance was set at p<0.05.

TABLE 2: Distribution of choroid plexus cysts according to
their locations.
n

%

Expected n

Right

27

49.1

18.333

Right-left

16

29.1

18.333

Cyst side
Left

RESULTS

We did not find any statistically significant difference between the CPC and control groups with respect to maternal age, gravidity and parity values,
and gestational age in the USG examination
(p>0.05). Moreover, no significant difference between the groups was observed in terms of fetal
gender (p>0.05). Table 1 indicates the demographic
features of the groups.

Total

12

55

21.8

100.0

Residual
8.666

18.333

-6.333

-2.333

One sample chi-square test p=0.037.

TABLE 3: Comparison of the right and left side middle
cerebral artery Doppler parameters in the control group.
Control

In the CPC group, the cyst size varied between
2.7 mm and 13.6 mm (median: 5.7 mm); the mean
size was 6.2±2.7 mm. With respect to location,
cysts were present in the right lateral ventricle in
49.1% (n=27), in left lateral ventricle in 21.8%
(n=12), and bilateral in 29.1% (n=16) of cases. Thus,
a majority of individuals had right side cysts (p=
0.037; Table 2).

Right

Mean±s.d.

Left

Mean±s.d.

PSV

23.16±4.49

23.15±3.97

d

S/D

3.90±0.74

4.11±1.35

d

EDV
PI

RI

5.97±1.42
1.45±0.21
0.74±0.06

5.99±1.68
1.49±0.29
0.74±0.07

d

d
d

p

0.984
0.917
0.128
0.295
0.692

PSV: Peak systolic velocity; EDV: End-diastolic velocity; S/D: Systolic/diastolic ratio,
PI: Pulsatility index; RI: Resistance index; s.d.: Standard deviation.

d

There was no statistically significant difference
in the control group in terms of right and left MCA
PSV, EDV, S/D, and PI and RI values (p>0.05; Table
3). Five different models were used to investigate
the effect of group variable on PS, ED, S/D, and PI

Paired samples t-test.

and RI values. Generalized linear mixed models
were used considering that the data of cystic and
contralateral sides in the CPC group were dependent and that the CPC group and control group data
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TABLE 4: Estimated values and significance levels of the models of Doppler parameters.
CPC group

PSV

EDV

S/D

PI

RI

CPC group

Contralateral side MCA

Cyst side MCA

Control group

23.64 (0.76)

23.97 (0.63)

23.16 (0.65)

Mean (s.e.)
5.54 (0.29)

4.56 (0.20)

1.51 (0.04)

0.76 (0.01)

Mean (s.e.)
5.77 (0.24)

Mean (s.e.)
5.97 (0.25)

4.55 (0.17)

3.90 (0.17)

1.52 (0.03)

1.45 (0.04)

0.76 (0.01)

0.74 (0.01)

F
0.409

0.668

p
0.665

0.514

3.973

0.021*

1.913

0.151

1.143

0.321

CPC: Choroid plexus cysts; MCA: Middle cerebral artery; PSV: Peak systolic velocity; EDV: End-diastolic velocity; S/D: Systolic/diastolic ratio; PI: Pulsatility index; RI: Resistance
index; s.e.: Standard error.

*p<0.05; F: Test value.

The field of fetal CPCs has largely remained
unexplored. Fetal CPCs are generally temporary
and benign lesions, with no major clinical implications, as evident from the lack of pathophysiological studies in this area. The isolated CPCs are
considered as normal variants. Moreover, 90% of
CPCs resolve spontaneously by the 28th week of
gestation; so these rarely persist postnatally. It is
believed that a CPC, by itself, does not cause neurological damage, or cognitive and motor behavioral damage. Only a few studies in neurosurgery
literature have reported large CPCs to cause postnatal intracranial hypertension.8 Furthermore,
cysts can occur at equal rates in both male and female fetuses; their real incidence depends on the
resolution of the USG device and the attention of
the operator.8 In the present study, we found isolated CPCs to occur at equal rates in both the genders, an observation consistent with that reported
in the literature.

were independent of each other. Since there was no
statistically significant difference between the
right- and left-side values in the control group, we
believed that using the data of any side from the
control group would not create bias when comparing with the CPC group. In this context, the rightside data of the control group were included as the
control group data in the models. Group variable
was included as an independent factor, whereas PS,
ED, S/D, PI, and RI values were included as dependent variables in the models. We did not find a
statistically significant effect of the group variable
on PSV, EDV, and PI and RI values (p>0.05). However, the effect of the group variable on the S/D
ratio was statistically significant (p=0.021; Table 4).
Bonferroni-corrected post-hoc assessments indicated that the S/D value of the control group was
lower than that of both the cystic and contralateral
side values of the CPC group (p=0.029 and p=0.026,
respectively). No significant difference in S/D ratios
between the cystic and contralateral sides of the
CPC group was reported (p=0.937).

Numerous studies have been conducted on
CPCs. A study reported the mean gestational age for
detecting CPC to be 19.0±2.1 weeks and 56.7% of
cases to have unilateral CPCs.9 Another study reported the mean gestational age for detecting fetal
CPCs to be 19.2±1.5 weeks.10 In our study, the median gestational week at which fetal CPCs were detected was 19.57 weeks, which was consistent with
that reported in the literature. The cysts were unilateral in approximately 70.9% of our cases, with
the incidence of cysts on the right side to be significantly higher. A few studies in the literature ex-

DISCUSSION

The present study evaluated the possible effects of
isolated fetal CPCs on MCA Doppler parameters. It
was observed that fetal CPC cases exhibited higher
MCA S/D ratios as compared to the control group.
The MCA S/D values of both sides were similar in
the CPC group. No significant difference existed
between the control and CPC groups in terms of
other Doppler parameters.
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cerebral blood flow.19 Nontumoral intracranial cystic masses may also exert a mass effect on the
brain.20 For example, a study examined the cerebral
blood flow with computed tomography in patients
with intracranial masses. Individuals with a mass
effect reported reduced cerebral vascular flow on
both sides, with a more pronounced decrease on
the cystic side.21 Based on this finding, we investigated whether fetal CPCs affected the blood flow in
the vascular compartment.

amined the unilateral or bilateral occurrence of
cysts as well.9,11,12 However, no study exists that reports a more common side for cyst occurrence. We
believe that more extensive studies are required to
decipher the mechanism behind the common occurrence of cyst on one side. In addition, a study reported the mean size of cysts to be 6.08±3.0 mm.9
The mean cyst size observed in the present study
was in coherent with that reported in the literature.

Fetal CPC cases having additional anomalies
or abnormal screening test results are associated
with genetic anomalies such as trisomy 18.13 The
literature available on this aspect reports that CPC
may coexist with congenital cardiac anomalies and
hydronephrosis. Therefore, cases with CPC should
be carefully investigated for any additional findings.14 None of the cases in the present study reported any additional structural fetal anomaly.

Two major factors affecting the vascular blood
flow include the resistance of vessel wall and pressure variation reflecting the blood vessel elasticity.
The first factor is determined by the functioning of
the heart, whereas the second factor depends on
the physiological status of the artery and blood
need. Both PI and RI reflect the flexibility and resistance of blood vessels in the direction of blood
flow. The measurements of PSV, EDV, and S/D
ratio are considered significant when the PSV is the
primary Doppler parameter in cases of abnormal
stenosis.22 In our study, both PI and RI values were
higher in the CPC group in both MCAs; however,
this difference was statistically insignificant. These
findings led us to conclude that vessel resistance
was slightly higher in the MCAs of the CPC group
as compared to the control group. However, the
difference was statistically insignificant. In Doppler
examination, S/D ratio also allows to examine the
diastolic blood flow and predict the resistance in
the direction of blood flow.23 In our study, the
MCA PSV values in the CPC group were higher
than those in the control group, whereas the EDV
values were lower. However, these differences
were also not statistically significant. A statistically
significant difference was observed only in the S/D
ratio. The increased MCA S/D ratio in the CPC
group could be attributed to a decrease in the diastolic blood flow. While CPCs did not affect other
MCA parameters, these only affected the S/D parameters, which, in turn, could be due to the limited effect on vascular resistance and elasticity. The
existence of a statistically insignificant increase in
other parameters (particularly in the PI value) may
indicate that these cysts also contribute to a slight
increase in the vessel resistance. Interestingly,

Since most CPCs resolve spontaneously, regular follow-ups with repeated USG examinations are
not required.9 In very few cases, these may cause
obstructive hydrocephaly in the postnatal period.15
Also, cysts may be rarely symptomatic.16 Another
finding in the literature is that CPCs could be flexible and may float, thereby changing their location
to the foramen of Monro and obstructing CSF pathways.17 For instance, a study reported isolated CPC
cases to be associated with ventriculomegaly, resulting due to physical distention of large CPCs or
the obstruction of the foramen of Monro.7 Our aim
in the present study was to identify whether these
cysts caused a mass effect by affecting the MCA
Doppler parameters. For this, we focused on MCA
Doppler parameters owing to the contribution of
MCA to the blood supply to the choroid plexus.
Another reason for its selection was its preference
for evaluating the fetal cerebral circulation.1,18

Intracranial pressure is affected by the presence of intracranial masses. Initially, the pressure
increases in the craniospinal cavity due to the mass
effect. The increased intracranial pressure affects
the cerebral hemodynamics and cerebral perfusion.
According to the Starling hypothesis, increased intracranial pressure causes elevation of cerebral venous pressure, which is attributed to reduced
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While CPCs do not affect other MCA Doppler parameters at 18 to 22 weeks of gestation, they increase the S/D ratio significantly. This increase is
observed in the MCA of both cystic and contralateral sides.

these effects were observed on both cystic and contralateral sides. This observation could be explained
by the fact that the mass effect of the cyst was observed on the contralateral side as well, or MCA
vessels on both sides had an adaptive effect on coordination with each other. However, these findings are in the very early stages and warrant further
and a thorough and extensive investigation.
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CPCs. Future prospective studies are believed to
shed more light on the predictive values of MCA
Doppler parameters in causing regression of CPCs.
Nevertheless, we believe the present study, to the
best of our knowledge, to be the first of its kind to
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MCA Doppler parameters in the second trimester.
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Choroid plexus cysts are sonolucent, fluid-filled
structures that generally occur in the lateral ventricles, particularly in the right lateral ventricle.
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