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ABSTRACT

Objectives The ultrasound diagnosis of placental site
trophoblastic tumor (PSTT) is challenging owing to a
lack of pathognomonic features. Differential diagnosis
from other forms of gestational trophoblastic neoplasia
(GTN) is critical owing to major differences in prognosis
and treatment. Doppler measurement of uterine artery
(UtA) pulsatility index (PI) has been proposed for the
diagnosis and management of GTN. The aim of this
study was to evaluate the added value of UtA-PI Doppler
measurement during the standard transvaginal ultrasound
(TVS) assessment, in patients with PSTT as compared to
those with other GTN.

Methods This was a single-center prospective cohort
study involving ultrasound assessment of all GTN cases
referred to and treated at the trophoblast unit of San
Raffaele Hospital, Milan, Italy, between 2011 and 2023.
TVS assessment included: grayscale analysis for the
detection of myometrial or endometrial abnormalities,
color and power Doppler assessment of lesions with
scoring of wvascularization, and spectral pulsed-wave
Doppler for measurement of mean UtA-PI from the left
and right UtAs. Sonographic findings were compared
between patients with PSTT and those with other forms
of GTN (postmolar, invasive mole or choriocarcinoma),
using non-parametric two-tailed statistical analysis.

Results A total of 73 GTN cases were recruited, com-
prising nine (12.3%) with PSTT and 64 (87.7%)
with other GTN. A significant difference was detected
between other-GTN and PSTT cases when comparing
rates of substantial endometrial vascularity on Doppler

(50% vs 0%; P=0.013) and mean UtA-PI measure-
ments (median, 1.5 (interquartile range (IQR), 1.0-2.4)
vs 2.2 (IQR, 1.5-2.7); P=0.014; area wunder the
receiver-operating-characteristics curve, 0.768 (95% CI,
0.610-0.888)).

Conclusions This study describes UtA-PI as a novel
and effective marker allowing for the ultrasound
differentiation of PSTT from other forms of GTN. The
significantly higher mean UtA-PI and lower endometrial
vascularity observed in PSTT as compared with other
GTN suggests a unique vascularization pattern, with a
potential role in differential diagnosis and management.
© 2025 The Author(s). Ultrasound in Obstetrics &
Gynecology published by John Wiley & Sons Litd on
behalf of International Society of Ultrasound in Obstetrics
and Gynecology.

INTRODUCTION

Gestational trophoblastic disease describes a group
of rare premalignant and malignant pregnancy-related
disorders arising from the trophoblast'. The malignant
forms are known as gestational trophoblastic neoplasia
(GTN), which includes invasive mole, choriocarcinoma,
placental site trophoblastic tumor (PSTT) and epithelioid
trophoblastic tumor (ETT)%2. PSTT is one of the rarest
forms of GTN, representing 0.2—3% of all GTN cases and
with an incidence of 1-5 per 100 000 pregnancies>. It is
characterized by a slow growth pattern with initial spread
within the uterus and local lymph node involvement?.
The clinical presentation is non-specific, with abnormal
uterine bleeding being the most common symptom, and
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mildly elevated serum B-human chorionic gonadotropin
(B-hCG) compared with other GTN forms?.

Given the rarity of the disease, paucity of available
data and lack of pathognomonic patterns, diagnosis is
challenging. However, a prompt differential diagnosis
from other forms of GTN (such as invasive mole
and choriocarcinoma) is crucial owing to its relative
chemoresistance, which indicates demolitive surgery as
the mainstay of treatment®. Transvaginal sonography
(TVS) is the main imaging modality for the evaluation of
GTN presenting with heterogeneous myometrial nodules,
or solid masses invading the myometrium’~1%, However,
differentiation of PSTT from other GTN forms by TVS
may be difficult!0-12,

Recently, Doppler measurement of uterine artery (UtA)
pulsatility index (PI) has been studied as a possible
method contributing to the diagnosis and management
of GTN®12 representing a measure of tumor vascularity.
UtA-PI has been shown to correlate with the development
of postmolar trophoblastic tumors®!3 or chemotherapy
resistance during GTN treatment”!*!5, In addition,
patients with GTN show lower resistance on UtA Doppler
indices than do those who are not pregnant, are in the first
trimester of pregnancy or are diagnosed with miscarriage
or hydatidiform mole''3. However, there are no data
regarding UtA Doppler indices in PSTT patients. Given the
different biological origin and slower growth pattern of
PSTT compared with other entities of the GTN spectrum,
UtA Doppler parameters might be different.

The aim of this study was to evaluate the added value of
UtA-PI as part of the standard TVS assessment in patients
with PSTT as compared to those with postmolar and
non-molar (invasive mole and choriocarcinoma) GTN.

METHODS
Study design, setting and participants

This single-center prospective cohort study was approved
by the ethics committee of San Raffaele Scientific Institute,
Milan, Italy (protocol number 236/DG). The study was
conducted in accordance with the ethical standards
for human research established by the Declaration of
Helsinki, and written informed consent was obtained from
all included patients for the use of their personal data.
Data from all GTN patients evaluated in our center
were comprehensively reviewed. GTN was defined in
accordance with the criteria established by the European
Organisation for Treatment of Trophoblastic Diseases as
the set of malignant forms of gestational trophoblastic
disease!®. Clinically, the International Federation of
Gynecology and Obstetrics criteria for the diagnosis of
postmolar GTN include: B-hCG plateau for four values
over 3 consecutive weeks; B-hCG levels rise more than
10% for three values over 2 weeks; and persistence of
B-hCG for more than 6 months after molar evacuation®?.
Only patients who were seen in our center between
January 2011 and December 2023, for whom all study
variables were available and who were assessed by one

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley &
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of two experienced operators (P.I.C. and R.C.) were
selected. Patients with ETT were excluded from the GTN
group due to the rarity of this condition and its distinct
clinical behavior. The study was conducted according to
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for observational
studies!”. The recruitment process is shown in Figure 1.

Variables, data sources and measurements

Evaluated ultrasound features included: endometrial
thickness, endometrial vascularization, theca lutein
cysts, myometrial nodule, maximum nodule diameter,
nodule echostructure (solid, liquid or mixed), nodule
vascularization and UtA Doppler parameters such as
UtA-PI. Endometrial thickness was defined as patho-
logical when it exceeded 14 mm. This cut-off has been
defined as such considering the maximum thickness in
women of childbearing age in the secretory phase of the
menstrual cycle (12—14 mm according to the criteria of
the International Endometrial Tumor Analysis group)'$.
Endometrial or myometrial color score was defined
according to definitions of the International Ovarian
Tumor Analysis group as a subjective semiquantitative
assessment of the amount of blood flow present, with
a color score of 1 indicating no flow, 2 minimal blood
flow, 3 moderate flow and 4 intense flow!”.

Ultrasound evaluations were performed by one of
two experienced operators (P.I.C. and R.C.) and carried
out using a 6—12-MHz transvaginal probe (Voluson E8
or E10; GE Healthcare, Zipf, Austria) using dedicated
machine presets for gynecology. The ultrasound beam
frequency was set at an average level of 7MHz and the
pulse repetition frequency range was 1000-7000 Hz,
Doppler gain was set at the lowest level to allow recording
of adequate signals avoiding noise, and a wall filter
of 30-100Hz was used. Ultrasound grayscale analysis
enabled the identification of myometrial lesions, appear-
ing as abnormal areas of increased echogenicity within the
myometrium or as abnormal endometrial thickening. A
midsagittal longitudinal scan of the uterus was obtained
for hysterometry and endometrial measurement; by
rotating the probe 90°, a transverse view was obtained
at the level of the maximum uterine width. In this phase,
careful assessment of the myometrium was undertaken
to detect uterine lesions or abnormalities, which were
all investigated using color and power Doppler, with
semiquantitative assessment and scoring of blood flow,
applying standard machine presets. Spectral pulsed-wave
Doppler of the UtAs was performed transvaginally
according to a standard procedure?’=22: in a parasagittal
section of the cervix, the UtAs were identified and
pulsed-wave Doppler was used to obtain flow-velocity
waveforms from the ascending branch of the UtA at the
point closest to the uterocervical junction. When three
similar consecutive waveforms had been obtained, the PI
was measured by contour tracing of the waves. The PI
was calculated as the difference between the peak systolic
velocity (S) and the end-diastolic velocity (D) divided by
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the time averaged velocity (Vm): PI=(S-D)/Vm. The
mean UtA-PI was calculated from the left and right UtAs
and used for the analysis.

Statistical analysis

Since the distribution of continuous variables was not
normal in all study groups according to the Shapiro—Wilk
test, non-parametric tests were used to compare study
groups, with the Mann—Whitney U-test for continuous
variables and Fisher’s exact test for dichotomous vari-
ables. Receiver-operating-characteristics (ROC)-curve
analysis was used to assess the performance of UtA-PI
measurement and the combination of UtA-PI with the
presence of endometrial vascularity in the diagnosis of
PSTT. All calculated P-values were two-sided. Statistical
analysis was carried out using the IBM SPSS software ver-
sion 29 for Mac (SPSS Inc., Chicago, IL, USA). P <0.05
was considered to indicate statistical significance.

RESULTS

Ultrasound reports and UtA Doppler parameters at
diagnosis were available for 73 patients diagnosed with
GTN: nine (12.3%) affected by PSTT and 64 (87.7%)
with a diagnosis of other forms of GTN (Figure1).
The clinical and ultrasound characteristics of the PSTT
patients included in the analysis are reported in Table 1.
The results of the analysis of the ultrasonographic
characteristics of GTN and PSTT patients are reported
in Table2. The mean UtA-PI was significantly higher in
the PSTT group compared with the other-GTN group
(median UtA-PI, 2.2 (interquartile range (IQR), 1.5-2.7)
vs 1.5 (IQR, 1.0-2.4); P=0.014). Additionally, the
presence of vascularization in the endometrium was
significantly less likely in patients with PSTT compared
to those with the other forms of GTN (P=0.013).
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Myometrial nodules were found in both groups, with
a larger size observed in the group with other forms
of GTN and a clearly solid echostructure noted more
frequently in the PSTT group. No theca-lutein cysts were
observed in the PSTT group, which is in accordance with
the significantly lower average B-hCG level in this group
compared to the group with other forms of GTN (53.4 vs
55404.71U/L; P < 0.001).

The ultrasound characteristics of PSTT and gestational
choriocarcinoma are illustrated in Figures 2 and 3, respec-
tively. Figure 2b shows the corresponding macroscopic
appearance of the PSTT nodule after hysterectomy, seen
as a necrotic lesion infiltrating the inner half of the
myometrium on the posterolateral wall of the uterus.
The results of the ROC-curve analysis for mean UtA-PI
for diagnosis of PSTT are reported in Figure 4. We found
that a UtA-PI higher than 1.7 predicted a diagnosis of
PSTT with a sensitivity of 89% and a specificity of 61%
(Youden index, 0.498). The area under the ROC curve
was 0.768 (95% CI, 0.610—0.888).

DISCUSSION
Main findings

The findings presented in this paper represent a significant
advancement in our understanding of the diagnosis
of PSTT. For the first time, elevated mean UtA-PI
measurements observed in PSTT were compared with
those in other forms of GTN, suggesting a clinically useful
role for this parameter in the ultrasound diagnosis of this
pathology. Incorporating UtA-PI measurement into the
ultrasound assessment of uterine structures significantly
contributed to achieving an accurate diagnosis in the
majority of cases. Specifically, our investigation revealed
that in patients with suspected GTN, a UtA-PI exceeding
1.7 predicted a diagnosis of PSTT with a sensitivity of
89%. These findings emphasize the potential clinical

Patients diagnosed with GTN attending for
ultrasound assessment*
(n=222)

v

Patients with postmolar GTN, invasive
mole, choriocarcinoma or ETT
(1n=204)

Excluded (7 =140):

« Patients treated before 2011 (7 =84)

«ETT diagnosis (n=35)

« Evaluation by non-expert
sonographer and no UtA Doppler
evaluation (n=51)

A 4

Patients included in analysis
(n=64)

v

Patients with PSTT
(n=18)

Excluded (7=9):

« Patients treated before 2011 (z=35)

« Evaluation by non-expert
sonographer and no UtA Doppler
evaluation (n=4)

N

Patients included in analysis
(n=9)

Figure 1 STROBE flowchart showing inclusion of patients in study. *Attending IRCCS San Raffaele Scientific Institute, Milan, Italy. ETT,
epithelioid trophoblastic tumor; GTN, gestational trophoblastic neoplasia; PSTT, placental site trophoblastic tumor; UtA, uterine artery.
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Table 2 Ultrasound characteristics of patients in study (7 = 73), according to diagnosis of placental site trophoblastic tumor (PSTT) or other

gestational trophoblastic neoplasia (GTN)

Ultrasonographic characteristics Other GTN (n=64 (87.7%)) PSTT (n=9 (12.3%)) P

Endometrial thickness > 14 mm 28 (43.8) 3(33.3) 0.554
Endometrial thickness (mm) 15.0 (7.0-34.3) 8.0 (6.0-25.0) 0.824
Presence of endometrial vascularization 32 (50.0) 0 (0) 0.013
Presence of myometrial nodule 47 (73.4) 8 (88.9) 0.314
Maximum diameter of nodule (mm) 34.0 (22.5-44.7) 17.0 (16.0-38.5) 0.136
Solid myometrial nodule 20/47 (42.6) 718 (87.5) 0.080
Cystic or mixed myometrial nodule 17/47 (36.2) 1/8 (12.5) 0.080
Vascularized myometrial nodule 33/47 (70.2) 718 (87.5) 0.729
Theca-lutein cysts 16 (25.0) 0 (0) 0.128
Mean UtA-PI 1.5 (1.0-2.4) 2.2 (1.5-2.7) 0.014

Data are given as 7 (%), median (interquartile range) or #/N (%). *Calculated from left and right uterine artery pulsatility index (UtA-PI).

Dx Ut-PS
Dx UtED

Dx Ut-SID
Dx Ut-PI

Dx Ut-RI
Dx Ut-MD

46.88cmis Sx Ut-PS
5A7cmis Vebnan Sx UtED
9.07 . A Sx Ut-SD
310 | \
0.89 5 Sx Ut-MD
4.38cmis 8 - 3 Sx Ut-TAmax -9.66cm/s

Sx Ut-PI
Sx UtRI

Dx Ut-TAmax 13.46cmis X J N SxULFC 55bpm

Figure 2 Transvaginal ultrasound imaging of placental site trophoblastic tumor (PSTT) nodule of posterior uterine wall. (a) Longitudinal
section of uterus with power Doppler interrogation of region of interest. (b) Macroscopic appearance of PSTT nodule in (a) after
hysterectomy, seen as necrotic lesion infiltrating inner half of myometrium on posterolateral wall of uterus. (c,d) Spectral Doppler images

and waveforms showing right (c) and left (d) uterine arteries.

utility of UtA-PI measurement in enhancing the diagnostic
accuracy of PSTT, offering clinicians an additional tool
for more precise and timely identification of this rare
tumor subtype.

Comparison with the literature

The reliability of the different imaging techniques in
the diagnosis of PSTT is a subject for debate. In the
literature, data regarding the ultrasound diagnosis of
PSTT are poor and conflicting (TableS1). Ultrasound
examination may identify a heterogeneous mass, solid or

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley &

cystic, within the endometrial cavity or with myometrial
involvement®!%:11:20 " PSTT may be characterized by
differing vascularity, ranging from minimal to high with
peripheral and central flow. Pulsed-wave Doppler shows
high-velocity flow and low impedance!-?2.

Zhou etal.?® classified PSTT as three different sono-
graphic patterns based on the location and characteristics
of the lesion. Type 1 is characterized by a heterogeneous
solid mass within the uterine cavity exhibiting minimal
to moderate vascularization. Type 2 appears as a hetero-

geneous solid mass in the myometrium with minimal to

Ultrasound Obstet Gynecol 2025; 66: 73-80.

Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

351017 SUOLUWIOD SAERID 3o (e a1y A peuieA0B 2 SaPIE VO 88N J0 S3IN. 10 ARiq 1T 2UIIUO AB]IA UO (SUONIPUOD-PUB-SLLLBYWIOD" &3] M ARG [Bu 1 U0//:Scily) SUOIPUOD PUe SULB 1 aU) 385 *[S202/60/EZ] Uo A1 auIiuO AB]1M By Ues alepedsO SOOM 1 A Sez6z-60n/200T 0T/10p/wioo Ao AReqjou 1 uouABqo//sdiy wouy pepeo|umod T ‘GZ0Z ‘S020697T



78

[Rt. Uterine A]

4.07 mmHg
178
0.56 /

0.44

Cioffi et al.

[Lt Uterine A]
pSV
EDV
TAMV
TAPV
PGmean
PGmax 5.90 mmHg
1.63
0.61
0.39

Figure 3 Transvaginal ultrasound imaging of gestational choriocarcinoma. (a) Grayscale image of uterus (transverse view). (b) Power
Doppler interrogation of nodule in transverse view. (c,d) Spectral Doppler images and waveforms showing right (c) and left (d) uterine

arteries.

1.0

0.8 +

0.6

0.4

True-positive rate

T T
0.0 0.2 0.4 0.6 0.8 1.0
False-positive rate

Figure 4 Receiver-operating-characteristics (ROC) curves for
prediction of placental site trophoblastic tumor using mean uterine
artery (UtA) pulsatility index (PI) () and combination of
presence of endometrial vascularity and mean UtA-PI (—). Area
under ROC curve (AUC) for mean UtA-PI, 0.768 (95% CI,
0.610-0.888). AUC for combined predictors, 0.819 (95% CI,
0.692-0.916).

high-grade vascularization. Type 3 presents as a lacunar
mass with cystic areas in the myometrium and high
vascularization on color Doppler such as to represent
an arteriovenous shunt. However, this classification is
difficult to generalize, as it may have been limited by the
small sample size examined (14 cases).

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley &

In particular, this study shows that none of the ultra-
sonographic features scrutinized in the analysis, includ-
ing the presence of endometrial disease, presence of a
myometrial lesion and lesion morphology, diameter and
vascularization, exhibited statistically significant differ-
ences between PSTT and other types of GTN. The only
parameters showing a statistically significant difference
between the two groups were the UtA-PI and the presence
of endometrial vascularization. Doppler ultrasonography
presents an effective means of studying tumor vascular-
ization, offering reliability and non-invasiveness.

Previous studies have established the utility of UtA-PI
measurement in furnishing valuable insights into the pre-
diction of GTN risk during the post-evacuation monitor-
ing of hydatidiform moles. In a cohort of 246 patients fol-
lowed up after evacuation of complete moles, UtA-PI sig-
nificantly increased in those with spontaneous remission,
compared to pre-evacuation measurements, whereas it
remained significantly lower in those developing GTN'3,

Another important application of UtA Doppler
ultrasound is the evaluation of response to treatment
in GTN patients. As shown by Agarwal etal.!® in a
cohort of 239 women, median UtA-PI was significantly
lower in chemoresistant compared to chemosensitive
patients (P <0.0001). Moreover, a gestational pattern
with low resistance of the UtA vascularization has been
reported in invasive mole and choriocarcinoma'31423,
All patients affected by PSTT in our series presented
with a high UtA-PI on Doppler with a non-gestational

Ultrasound Obstet Gynecol 2025; 66: 73-80.

Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

351017 SUOLUWIOD SAERID 3o (e a1y A peuieA0B 2 SaPIE VO 88N J0 S3IN. 10 ARiq 1T 2UIIUO AB]IA UO (SUONIPUOD-PUB-SLLLBYWIOD" &3] M ARG [Bu 1 U0//:Scily) SUOIPUOD PUe SULB 1 aU) 385 *[S202/60/EZ] Uo A1 auIiuO AB]1M By Ues alepedsO SOOM 1 A Sez6z-60n/200T 0T/10p/wioo Ao AReqjou 1 uouABqo//sdiy wouy pepeo|umod T ‘GZ0Z ‘S020697T



Original Paper

pattern of flow. This observation represents an important
finding, since it may help to distinguish this rare entity
from invasive mole and choriocarcinoma, before any
invasive procedure is undertaken. Differentiating the two
entities (which in most cases are almost indistinguishable
clinically and sonographically) is extremely important; in
fact, in case of PSTT, the patient should undergo nodule
biopsy in order to obtain a histological diagnosis, and
demolitive surgery for confirmation and treatment?2~2°,
Such a diagnostic—therapeutic algorithm would be
contraindicated in cases of GTN, particularly in chorio-
carcinoma. The reason PSTT does not alter UtA resistance
is currently unknown. It is possible to hypothesize that
PSTT (and possibly ETT) exhibits a different vascular
morphological pattern than the other forms of GTN as a
consequence of different tumor biology. This hypothesis
also correlates with the lower B-hCG levels and the lack
of chemosensitivity of these tumors>®=33,

Strengths and limitations

This is the first study exploring the role of UtA-PI mea-
surement in the diagnosis of PSTT. In fact, given the rarity
of this condition, conducting prospective investigations
on PSTT poses considerable challenges. Our institution
serves as a national referral center for trophoblastic dis-
eases, thereby potentially leading to a higher incidence of
PSTT diagnoses in this study cohort compared with exist-
ing literature reports. Nevertheless, we acknowledge that
the primary limitation of this study lies in the relatively
small sample size of patients included in the analysis. Con-
sequently, further investigations involving larger cohorts
are needed to validate and substantiate the diagnostic role
of UtA-PI measurement in identifying PSTT accurately.

Clinical and research implications

Our finding of increased UtA-PI in PSTT compared
with other variants of GTN provides an easy method of
identifying PSTT after the diagnosis of GTN, allowing
appropriate clinical management. Recently, our research
team developed UtA-PI reference ranges in pregnancy at
11-39 weeks’ gestation with a robust statistical method-
ology based upon modulus exponential normal modeling
and fractional polynomial regression34. It is essential
that future investigations extend these reference ranges
to encompass non-pregnant patients, thus facilitating
the clinical application of this concept. Moreover, the
generalizability of this approach to various gynecological
abnormalities emphasizes its potential broader utility
within clinical practice.

Conclusions

This study represents a pioneering endeavor to evaluate
UtA-PI as a predictive marker in a case series of PSTT
compared with other forms of GTN. Our findings
demonstrate a significant elevation in mean UtA-PI
measurements in PSTT relative to other GTN variants,
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suggesting a distinct vascularization pattern unique to
PSTT among trophoblastic tumors. Integration of UtA-PI
into the diagnostic algorithm may improve the accuracy
of PSTT diagnosis, thereby addressing the pressing need
for early differentiation between PSTT and other forms of
GTN. Early diagnosis of these tumors using a non-invasive
technique such as TVS is crucial for the prompt initiation
of appropriate management and improvement of the
quality of life for these patients’’.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

lail Table S1 Clinical and ultrasonographic characteristics of patients diagnosed with placental site trophoblastic

tumor, as reported in the literature
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