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Abstract

Objectives To evaluate ultrasound (US) features associated with successful noninvasive management for suspected retained
products of conception (RPOC).

Methods In this IRB-approved retrospective study, the radiology report database was queried for pelvic US with keywords
of postpartum hemorrhage (PPH) and/or RPOC over a 2-year period. Follow-up exams, US exams without clinical follow-
up, suboptimal image quality, and > 1 year from delivery or pregnancy termination were excluded. Charts were reviewed for
clinical presentation and management. Two radiologists reviewed images for endometrial thickness, endometrial echogenicity,
endometrial vascularity, and enhanced myometrial vascularity (EMV), as well as inner myometrial peak systolic velocity
(PSV) and resistive index (RI) where available. Features were assessed for associations with management approach, and
test characteristics were calculated.

Results Initial query yielded 196 exams, and 48 were excluded. A total of 148 patients were included. Mean age was
34.2 years (21-47), and mean time from delivery or pregnancy termination was 40.4 days (0-223). 81 (55%) underwent non-
invasive management: 72 (48%) expectant and 9 (6%) medical. 67 (45%) underwent invasive management: 60 (41%) surgical
and 7 (5%) uterine artery embolization. There was substantial inter-reader agreement for assessment of EMV (K=0.78) and
endometrial vascularity (K=0.72). Thin endometrial stripe, avascular endometrium, and absence of EMV were associated
with successful noninvasive management (p <0.05). Thin endometrium (< 10 mm) had specificity (90%), PPV (88%), and
likelihood ratio (5.91) in predicting successful noninvasive management.

Conclusion Endometrial thickness < 10 mm, avascular endometrium, and absence of EMV are the sonographic features
associated with successful noninvasive management for PPH or suspected RPOC.

Keywords Retained products of conception - Enhanced myometrial vascularity - Postpartum hemorrhage - Uterine
arteriovenous malformation - Pelvic ultrasound
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Introduction

Postpartum hemorrhage (PPH) is a common cause of
severe maternal morbidity and mortality worldwide, with
an approximate yearly incidence of 3% in the United States
[1]. While there are multiple underlying etiologies for PPH,
some of the most common include uterine atony, genital
trauma, coagulopathies, placenta accreta spectrum disorder
(PASD), and retained products of conception (RPOC) [1].
Primary PPH occurs within 24 h of delivery, while second-
ary PPH occurs between 24 h and 12 weeks after delivery.
RPOC accounts for 30% of secondary PPH [2]. Other causes
include subinvolution of the placental implantation site,
endometritis, and uterine artery pseudoaneurysm [3]. Imag-
ing often plays a crucial role in the diagnostic workup. Up
to 85% of patients with secondary PPH are evaluated with
diagnostic pelvic ultrasound (US) at presentation [2]. Post-
pregnancy bleeding is an all-inclusive term to include bleed-
ing after a term vaginal delivery, Cesarean section, sponta-
neous abortions, and both medical and surgical terminations.

Diagnostic workup and management of secondary PPH is
challenging, as there are often overlapping clinical presenta-
tions between normal postpartum bleeding (lochia) versus
pathologic bleeding [4]. Beta-HCG levels may not be help-
ful in confirming the presence of RPOC as it can remain
elevated for a period following uncomplicated miscarriage
and be subthreshold in cases with necrotic RPOC [5-7] and
PASD. Imaging and interpretation of the postpartum uterus
is also complicated by its variable appearance and overlap
between normal and abnormal states [4, 8—10]. For example,
RPOC can present as an endometrial soft tissue mass with or
without vascularity [3]. When RPOC is devascularized, its
appearance can be indistinguishable from nonpathological
avascular postpartum blood products within the endometrial
cavity. Furthermore, distinction between simple RPOC and
RPOC in the setting of PASD, which may require surgical
intervention, can be difficult [8].

In addition, there is inconsistency and confusion in the
literature with respect to vascular findings found in the post-
pregnancy uterus. Terms such as arteriovenous malforma-
tions (AVM) and enhanced myometrial vascularity (EMV)
have been used interchangeably in the past to describe simi-
lar findings which contribute to the challenge of clinical
management and can invoke unnecessary procedures such
as uterine artery embolization (UAE). EMYV refers to a focus
of increased vascularity in the myometrium which extends
to the endometrium and is seen in the postpregnancy state.
It is believed to correspond to subinvolution of the placen-
tal implantation site, which can be confirmed histologically
by the presence of extravillous trophoblasts and expanded
vessels due to delayed conversion back to pre-gravid
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small-caliber maternal spiral arteries [3, 11]. It may resolve
spontaneously or after removal of the RPOC [11-13].

Treatment strategies for PPH range from conservative
to more invasive procedural or surgical maneuvers [11, 12,
14, 15]. Conservative management includes both expectant
and medical treatment with uterotonic medications, such
as misoprostol, or methotrexate. Invasive options include
dilation and curettage (D&C), UAE, and hysterectomy. As
of now, there is no standardized protocol for the treatment
approach of PPH. The decision to treat patients with a sur-
gical approach such as D&C is a careful balance of risk
and benefits, often taking into account patient preference
and potential complications from either expectant manage-
ment or surgical intervention. In severe cases with poten-
tially life-threatening hemorrhage, D&C, UAE, or surgical
hysterectomy could be warranted [11, 12, 14, 15]. Invasive
management approaches run the risk of procedure-related
complications such as Asherman syndrome, vascular inju-
ries, radiation exposure, potential negative fertility implica-
tions, side effects from anesthesia, and increased cost.

The aim of this study is to evaluate clinical and sono-
graphic findings associated with management approach,
in order to identify those that can safely predict success-
ful noninvasive management of PPH and thus help reduce
procedure-related complications.

Methods
Inclusion and exclusion criteria

In this IRB-approved, retrospective study, the radiology
report database was queried for pelvic US reports con-
taining keywords of “postpartum hemorrhage” and/or
“retained products of conception” over a 2-year interval
(6/1/2017-6/30/2019). For patients with multiple exams,
US exam at initial postpregnancy presentation was assessed
(Fig. 1). Patients without clinically documented follow-up
were excluded. US exams that occurred more than 1 year
from delivery date or pregnancy termination and those with
significant technical limitations were also excluded.

Clinical chart review

Selective chart review was conducted for clinical parameters
at presentation including time from delivery or pregnancy
termination, gestational age at time of delivery, delivery
method, clinical assessment of hemodynamic stability,
hemoglobin levels, blood pressure, heart rate, and beta-HCG
levels. Resulting clinical management—expectant, medical,
surgical (D&C or hysterectomy), and UAE by interventional
radiology (IR)—was recorded as clinical outcomes. Patients
who underwent successful noninvasive management had
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Ultrasound exam report search for
keywords (PPH, RPOC)

196 exams

Excluded cases without
documented follow-up

Duplicate ultrasound
exams removed

17 subjects

Ultrasound limited by
shadowing fibroids or lack

24 exams

Ultrasound > 1 year from
delivery date

of Doppler imaging

3 subjects

Study Population
148 subjects

4 subjects
Noninvasive
Expectant Medical
72 subjects 9 subjects

Surgical
60 subjects

UAE

7 subjects

Fig. 1 Flowchart for study inclusion and exclusion criteria and categorization of management approaches. PPH postpartum hemorrhage, RPOC

retained products of conception

documented resolution of symptoms. For a subset of cases
that underwent more than one management approach, the
most invasive method was designated as the final outcome.
Impression from the original US report was categorized as
(a) no evidence of RPOC or (b) possible or definite RPOC.

US technique

US examinations were performed by American Registry for
Diagnostic Medical Sonography (ARDMS) certified sonog-
raphers on GE Logiq E9 (GE Healthcare, Waukesha, WI)
or Siemens S2000 (Siemens Medical Solutions, Mountain
View, CA) units. Transabdominal images were obtained
using convex or linear probes spanning 1-6 MHz and
2-8 MHz frequencies, respectively, with grayscale and color
Doppler technique. Patients then underwent transvaginal
imaging of the uterus using probes spanning 3—10 MHz fre-
quencies with grayscale and color Doppler technique, unless
declined by the patient. Power and spectral Doppler evalu-
ation were not routinely performed per institution protocol

but were obtained as deemed necessary by the sonographer
and/or radiologist at the time of the examination.

Imaging review

US images were retrospectively and independently reviewed
by 2 attending radiologists who were fellowship-trained in
body imaging with 2 and 8 years of post-fellowship experi-
ence. In cases of disagreement, a third reader with 15 years
of post-fellowship experience also reviewed the cases. US
features analyzed include endometrial thickness, endome-
trial echogenicity, and vascularity (Types 0-3, denoting
avascular, mild, moderate, or marked, as established by a
prior study, Fig. 2) [16], inner myometrial peak systolic
velocity (PSV) and resistive index (RI) (Fig. 3), and the
presence of EMV. Endometrial thickness was measured in
standard fashion, anteroposterior dimension in the longitu-
dinal plane (Fig. 4). EMV was defined as a focal area of
increased vascularity spanning the full myometrial thickness
and extending to the endometrium, based on description by
previous studies [17] (Fig. 5).
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Fig.2 a 34-year-old female with vaginal bleeding following sponta- »

neous abortion at gestational age of 5 weeks and 6 days with avascu-
lar endometrium (score 0) on pelvic US. Patient underwent expectant
management with successful resolution of symptoms. b 34-year-
old female with pelvic pain and vaginal bleeding following D&C
at 5 weeks and 2 days gestational age with mild endometrial vascu-
larity (score 1) on pelvic US. Patient underwent expectant manage-
ment with successful resolution of symptoms. ¢ 39-year-old female
with vaginal bleeding following vaginal delivery at gestational age
of 37 weeks and 1 day with moderate endometrial vascularity (score
2). Patient underwent surgical management with D&C. Pathology
confirmed the presence of RPOC, including degenerating RPOC. d
35-year-old female with fever, abdominal pain, and nausea following
D&C at 11 weeks and 0O days gestational age with marked endome-
trial vascularity (score 3). Patient underwent surgical management via
repeat D&C. Pathology confirmed the presence of RPOC

Statistical analysis

For data analysis, clinical management strategies were
grouped into noninvasive (expectant or medical manage-
ment) versus invasive (surgical and UAE). Statistical anal-
ysis was performed with R. Interobserver variability was
assessed using the Landis and Koch scale: kappa values of
0-0.20 were considered poor agreement; 0.21-0.40, fair;
0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.0,
almost perfect agreement [18]. Weighted kappa was used
to assess for agreement in endometrial vascularity score,
and Cohen’s kappa was used to assess for the presence or
absence of EMV. Fisher’s exact and Mann—Whitney U tests
were used to assess for correlation with management strate-
gies for categorical and numerical variables, respectively.
For factors with significant association, sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and likelihood ratio were calculated. Receiver
operating characteristic analysis was performed for endo-
metrial thickness.

Results
Study population

Initial query yielded 196 cases. 24 cases were duplicate
exams and were excluded. 17 subjects did not have follow-
up documentation and were excluded. 3 patients presented
greater than 1 year after delivery and were excluded. 4 exams
were limited by acoustic shadowing from fibroids or did not
have Doppler evaluation and were excluded. Final popula-
tion included 148 subjects. Mean age was 34.4 years (range
21-47), mean time from end of pregnancy was 40.4 days
with a range of 0-223 days. Delivery and/or pregnancy ter-
mination method varied, with the most common method
being vaginal delivery (48 cases, or 32.4%) (Table 1).
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Fig.3 25-year-old female who presented with abnormal bleeding
6 weeks after D&C at 9 weeks 2 days of gestational age. US image
of the uterus in longitudinal plane with color and spectral Doppler
interrogation shows arterial waveforms within the inner myometrium,
with a peak systolic velocity of 56 cm/s and resistive index of 0.46
(measurements not shown). Patient underwent an uncomplicated
D&C for RPOC. Pathology confirmed degenerating RPOC and pla-
cental implantation site

Clinical outcomes (management)

Of the 148 patients, 81 (55%) underwent noninvasive man-
agement: 72 (48%) expectant management and 9 (6%) medi-
cal treatment with uterotonic agents and/or methotrexate. 67
(45%) underwent invasive management: 60 (41%) surgical
treatment and 7 (5%) UAE (Fig. 1). For surgical treatment,
almost all cases underwent D&C, except for 1 patient who
underwent hysterectomy for suspected placenta accreta.
7 patients underwent UAE—3 for questioned AVM, 2 for
excessive bleeding after D&C, 1 for suspected PASD, and
1 for suspected pseudoaneurysm; no AVM was found at
angiography. 56 out of 66 (86.2%) patients with original US
interpretation of no RPOC underwent noninvasive manage-
ment. 56 of 81 (69.1%) patients with initial US impression
of RPOC underwent invasive management. In 1 patient, the
initial US was interpreted as nondiagnostic for the lack of
transvaginal imaging.

Clinical parameters

Clinical parameters for invasive versus noninvasive out-
comes are summarized in Table 1. Of the clinical param-
eters, the distribution of delivery methods was statistically
different (p < 0.05), with D&C being most prevalent in the
noninvasive group, versus vaginal delivery in the invasive
group. Hemoglobin levels were slightly higher in the nonin-
vasive group (p <0.05), but with significant overlap. Time
from delivery, gestational age at delivery, heart rate, systolic

=

Fig.4 a 34-year-old female who presented with vaginal bleeding
after spontaneous abortion at 5 weeks and 6 days gestational age.
Pelvic US of the endometrium in the longitudinal plane demonstrates
a thin endometrial stripe (calipers). Patient underwent expectant
management with successful resolution of symptoms. b 35-year-old
female (same patient as in Fig. 2d) with fever, abdominal pain, and
nausea who had undergone D&C at gestational age of 11 weeks and
0 days. Pelvic US of the endometrial stripe in the longitudinal plane
shows a thick endometrium (calipers). Patient underwent a repeat
D&C. Pathology confirmed the presence of RPOC

and diastolic blood pressure, and beta-HCG were not signifi-
cantly different. Beta-HCG was only available in 57 patients,
as it is not routinely obtained in the evaluation of RPOC
by our referring providers. On chart review, only 2 patients
were noted to have clinical signs of hemodynamic instabil-
ity: 1 patient subsequently underwent UAE with gelfoam
embolization, and 1 patient’s condition stabilized, allowing
for expectant management.
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Fig.5 Enhanced myometrial vascularity in a 28-year-old female who
presented with vaginal bleeding following D&C at 5 weeks of ges-
tational age. Color Doppler US image of the uterus in longitudinal
plane demonstrates focally increased color Doppler signal spanning

Table 1 Clinical parameters for
each management group

the anterior myometrium (arrow). The color signal extends to the
endometrium, which is distended with isoechoic material. Patient
was treated medically with uterotonic agents, and symptoms were
resolved subsequently

Noninvasive Invasive Overall p-value

Age 33.8 (21-47) 35.2 (21-47) 34.2 (21-47) 0.099
Time from delivery (days) 39.1 (0-215) 42.1 (1-223) 40.4 (0-223) 0.783
Gestational age at time of delivery (weeks) 22.3 (1.4-42.0) 25.9 (6-41.9) 23.9 (1.4-42.0) 0.093
Hemoglobin (g/dl)? 12.5 (8.6-15.5) 11.5(7.1-13.7) 12.0(7.1-15.5) 0.009
Heart rate (beats per minute)® 76.3 (56-115) 77.4(52-110) 76.8 (52-115) 0.563
Systolic blood pressure (mmHg)® 114 (91-138) 113 (90-163) 114 (90-163) 0.443
Diastolic blood pressure (mmHg)® 68.7 (52-90) 67.5 (46-96) 68.1 (46-96) 0.680
Beta-HCG (mIU/mL)¢ 903 (0-19,300) 438 (0-6680) 667 (19,300)  0.401
Delivery method 0.013

Cesarean section 16 (19.8%) 9 (13.4%) 26 (16.9%)

D&C 28 (34.6%) 15 (23.4%) 43 (29.1%)

Medical abortion 5(6.2%) 8 (11.9%) 13 (8.8%)

Spontaneous abortion 1(17.3%) 5(7.5%) 19 (12.8%)

Vaginal delivery 18 (22.2%) 30 (44.8%) 48 (32.4%)

@ Springer

Mean values and range are presented. For delivery method, number of cases and percentages are presented

D&C dilatation and curettage

“Hemoglobin levels were available in 87 cases (42 in noninvasive group, 45 in invasive group)

Heart rate at presentation was available in 114 cases

“Blood pressure at presentation was available in 128 cases

dbeta-HCG levels were available in 57 cases (28 in noninvasive group, 29 in invasive group)

Bold value indicates statistical significant p < 0.05
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Imaging features

Interobserver variability was assessed for endometrial vascu-
larity score and the presence or absence of EMV. Substantial
agreement was seen for the assessment of EMV (K=0.78).
Substantial agreement was seen for endometrial vascularity
score (K=0.72).

Imaging features per treatment group are summarized in
Table 2. The endometrial stripe was significantly thinner for
the noninvasive management group with a mean of 9.23 mm,
versus 19.2 mm p (p <0.05). Receiver operating character-
istic analysis revealed an area under the curve of 0.809; best
threshold by Youden method of 9.5 mm, with sensitivity of
61.7% and specificity of 89.6% in predicting noninvasive
management (Fig. 6). The absence of endometrial vascular-
ity and EMV were observed more often in the group man-
aged conservatively (p <0.05). No significant difference was
observed for endometrial echogenicity. Spectral Doppler was
only acquired for 43 of patients to allow for PSV and RI
measurement. There was significant overlap in the PSV and
RI between the invasively managed versus noninvasively
managed groups.

Endometrial thickness, endometrial vascularity type,
and the presence of EMV were the imaging features signifi-
cantly associated with management approach. Sensitivity,
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Fig.6 Receiver operating characteristic curve for endometrial thick-
ness as a predictor for noninvasive management. Area under the curve
(AUC) is 0.809. Best threshold by Youden method was 9.5 mm, with
sensitivity of 61.7% and specificity of 89.6%

specificity, PPV, NPV, and likelihood ratios were calculated

Table 2 Summary of imaging

Noninvasive Invasive Overall p-value
features for each management
group Endometrial thickness (mm)?* 9.23 (1-41) 19.2 (1-78) 13.8 (1-78) <0.001
IQR: 4-13 IQR: 12-23
<10 mm 50 (61.7%) 7 (10.4%) 57 (38.5%) <0.001
>10 mm 31 (38.3%) 60 (89.6%) 91 (61.5%)
Endometrial echogenicity 0.360
Hyperechoic 37 (45.7%) 37 (55.2%) 74 (50.0%)
Isoechoic 43 (53.1%) 30 (44.8%) 73 (49.3%)
Hypoechoic 1(1.2%) 0 (0%) 1(0.7%)
Endometrial vascularity <0.001
0 71 (87.7%) 29 (43.3%) 100 (67.6%)
1 6 (7.4%) 12 (17.9%) 18 (12.2%)
2 2 (2.5%) 13 (19.4%) 15 (10.1%)
3 2 (2.5%) 13 (19.4%) 15 (10.1%)
Peak systolic velocity (cm/s)* 50.6 (14-100) 60.6 (3-252) 58.5 (3-252) 0.919
Resistive index® 0.489 (0-0.73)  0.493 (0.17-0.89)  0.492 (0-0.89) 0.411
Enhanced myometrial vascularity® <0.001
Absent 71 (87.7%) 28 (41.8%) 99 (66.9%)
Present 10 (12.3%) 39 (58.2%) 49 (32.1%)

Mean values and ranges are presented for endometrial thickness, peak systolic velocity, and resistive index.
Number of cases and percentages are presented for endometrial echogenicity, endometrial vascularity, and

enhanced myometrial vascularity

IOR interquartile range

“Peak systolic velocity and resistive index could be measured in 43 cases (9 in noninvasive group, 34 in

invasive group)

Bold value indicates statistical significant p < 0.05
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Table 3 Sensitivity, specificity, positive predictive value, and negative predictive value of three imaging features in predicting successful nonin-
vasive management (expectant or medical treatment)

Thin Absence of endome- Absence of EMV  All three features favor- At least two features
endometrium trial vascularity (0 vs. ing noninvasive manage- favoring noninvasive
<10 mm 1-3) ment management

Sensitivity 62% 88% 88% 58% 85%

Specificity 90% 57% 58% 93% 61%

Positive predictive value 88% 71% 72% 90% 73%

Negative predictive 66% 79% 80% 65% 77%

value

Positive likelihood
ratio (95% confidence
interval)

5.91 (2.87-12.16) 2.03 (1.52-2.70)

2.10 (1.56-2.81)

7.78 (3.28-18.43) 2.20 (1.60-3.01)

EMYV enhanced myometrial vascularity

for each of these features (Table 3). Endometrial stripe was
considered thin if it was measured less than 10 mm. Endo-
metrial vascularity was considered absent for type 0, and
present for types 1-3. Of the three features, endometrial
thickness demonstrated the highest specificity of 90%, PPV
of 88%, and positive likelihood ratio of 5.91 in predicting
successful noninvasive management. In combination, the
three features of thin endometrium, absence of endometrial
vascularity, and absence of EMV yielded a PPV of 90%,
specificity 93%, and likelihood ratio 7.78.

Subset of cases with pathologic confirmation

Pathology results were available in 58 cases; in two patients,
tissue from D&C was not sent for formal pathologic evalu-
ation. 12 were negative for RPOC; 46 were positive. Of the
imaging features, greater endometrial thickness and EMV

were significantly associated with pathology-proven RPOC
(p <0.05) (Table 4). Using 10 mm as the cut-off for endo-
metrial thickness, thick endometrial stripe was 98% sensitive
for RPOC on pathology, with PPV of 87% and NPV of 83%;
however, it demonstrated poor specificity of 42%. In three
cases, pathology revealed RPOC with placenta accreta.

Discussion

In our single institution experience of patients presenting
with suspected RPOC, imaging findings were better pre-
dictors of conservative management than clinical features.
Endometrial thickness < 10 mm, absence of endometrial vas-
cularity, and absence of EMV were the sonographic findings
that predicted successful management without procedural
intervention and thus presumably represented patients who

Table 4 Correlation of imaging

RPOC No RPOC Overall p-value
features and the presence or
absence of RPOC on pathology Endometrial thickness (mm) 213(9.0-78.0)  12.8(1.0-50.0)  19.3 (1.0-78.0)  0.002
Endometrial echogenicity 0.048
Hyperechoic 22 (47.8%) 10 (83.3%) 32 (55.2%)
Isoechoic 24 (52.2%) 2 (16.7%) 26 (44.8%)
Endometrial vascularity type 0.162
0 16 (34.8%) 9 (75.0%) 285(43.1%)
1 11 (23.9%) 1(8.3%) 12 (20.7%)
2 10 21.7%) 1(8.3%) 11 (19.0%)
3 9 (19.6%) 1(8.3%) 10 (17.2%)
Enhanced myometrial vascularity® 0.018
Absent 15 (32.6%) 9 (75.0%) 24 (41.4%)
Present 31 (67.4%) 3 (25.0%) 34 (58.6%)

Means and ranges are presented for endometrial thickness. Number of cases and percentages are presented
for endometrial echogenicity, endometrial vascularity type, and enhanced myometrial vascularity

RPOC retained products of conception

Bold value indicates statistical significant p < 0.05
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either did not have RPOC or had mild disease that could be
managed conservatively. When combined, these 3 findings
predicted successful conservative management with 93%
specificity and 90% PPV.

Of the 3 imaging features that most significantly corre-
lated with management strategies, thin endometrial stripe
proved the most useful. Durfee et al. previously concluded
that a thin endometrial stripe, less than 10 mm, without an
endometrial mass or fluid excludes the presence of RPOC
[19]. This cut-off of 10 mm was closely aligned with our
threshold value of 9.5 mm on ROC analysis (AUC 0.809,
specificity of 89.6%) and resulted in a high specificity of
90% and PPV 88%. This supports that noninvasive manage-
ment can be pursued for endometrial thicknesses less than
10 mm. It should be noted that the endometrial thickness
cut-off should only be applied to symptomatic patients in
the appropriate clinical setting, as the endometrial stripe can
measure up to 16 mm in normal premenopausal women [20].

Endometrial vascularity was assessed by implement-
ing a grading system as defined by Kamaya et al. [16]. By
stratifying endometrial vascularity to avascular (type 0) or
vascular (types 1-3), absence of endometrial vascularity
yielded a specificity 57%, and PPV 71%, lower than those
of endometrial thickness. Our study results are similar with
Kamaya et al. whereby increased endometrial stripe thick-
ness and endometrial vascularity scores were predictive of
invasive management, with an odds ratio of 1.08 and 1.77,
respectively [21]; in their experience, the presence of any
vascularity in the endometrium (types 1-3) had a high likeli-
hood of representing RPOC, with a PPV of 96%. This is in
comparison to our experience where just under half (43.3%)
of the patients who underwent invasive management had no
detectable vascularity within the endometrial stripe; in the
subset of cases with available pathology results, 34.8% of
pathology-proven RPOC cases did not demonstrate endo-
metrial vascularity (type O avascular). While endometrial
vascularity may be a helpful predictive measure, the absence
of vascularity did not exclude RPOC and did not deter D&C
or other procedures for management.

Absent EMV performed similarly to absent endometrial
vascularity in predicting successful noninvasive manage-
ment with a sensitivity of 88%, low specificity 58%, and
moderate PPV of 72%. The presence of EMV was corre-
lated with more invasive management approaches. Previous
work has shown EMV to be a common transient finding in
postpregnancy patients [17]. In fact, three cases from our
study with EMV did not have pathologic evidence of RPOC,
which supports that EMV reflects isolated placental site sub-
involution or EMV persistence from minute quantities of
RPOC which can resolve without intervention. More com-
monly, EMV was associated with pathology-proven RPOC
(67.4%) and is thought to reflect preserved vascular supply

to the retained tissue [22]. RPOC likely inhibits the involu-
tion of the placental site.

In our experience, most of the positive EMV cases
were successfully managed conservatively or with surgical
removal. No AVM or fistula was found in the 7 cases that
underwent diagnostic angiography. While other authors [12]
have previously suggested an EMV velocity cut-off to guide
surgical versus embolization management, we found signifi-
cant overlap in both PSV and RI measurements between
patients who were managed expectantly versus those who
required surgical or angiographic measures. Our findings
are concordant with other published data (with the largest
sample size to date of 43 patients, to our knowledge) show-
ing that there is no correlation between PSV and clinical
management [11, 17]. While the high flow, low resistance
waveform pattern of EMYV is difficult to distinguish from
other types of vascular malformations based on imaging, it
is our proposal that in the postpregnancy state, these com-
monly encountered myometrial vascular changes seen in
isolation or associated with RPOC should be referred to
as EMV to avoid mismanagement and confusion with the
exceedingly rare true congenital AVM or post-procedure
AVF/AVM spectrum.

Further studies are needed to assess longitudinal patient
outcomes and the natural progression of imaging and clini-
cal findings in such cases. In our experience, there was sub-
stantial inter-reader agreement for the assessment of EMV
and endometrial vascularity grading, which was not previ-
ously reported [11, 17, 21, 23]. Few cases with inter-reader
variability may have been affected by technical parameters
at the time of image acquisition such as color scale and color
gain. Adopting standardized imaging technique and interpre-
tation can facilitate future research.

Limitations of our study include its retrospective design
and small sample size. Some parameters were not consist-
ently available for analysis due to the retrospective design.
For example, PSV and RI are not routinely performed in our
standard protocol for pelvic sonography. Only a small subset
of patients had beta-HCG information as our institution’s
referring providers do not use this data to guide manage-
ment for suspected RPOC. In fact, we had 4 patients with
subthreshold beta-HCG levels (<5 mIU/mL) but had RPOC
by pathology. If there is imaging or clinical suspicion for
gestational trophoblastic disease (none in our study popula-
tion), beta-HCG evaluation is helpful. Pathological analy-
sis from tissue sampling was only available for a subset of
patients. We also recognize there is a significant selection
bias, as only patients with significant concerns of PPH or
suspicion for RPOC were referred to radiology, and only
reports containing keywords of “PPH” or “R/O RPOC” were
analyzed. This would incur a selection bias for patients with
mild and moderate symptoms, stable enough to obtain an
ultrasound, and exclude those with severe symptoms who are
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treated immediately without formal imaging by the Radiol-
ogy Department. This, however, closely simulates clinical
radiology practice, as radiologists often only receive refer-
rals for cases where management may change based on
imaging findings. Our keyword-based search resulted in a
heterogeneous study population, including cases with sus-
pected endometritis or PASD. Our study is also significantly
impacted by variability in clinical management; for example,
personal preference from both provider and patient and/or
socioeconomic factors may have driven management deci-
sions. The original US interpretation also likely influenced
treatment approach.

RPOC remains a challenging clinical and imaging diag-
nosis to make as shown by our pathology sub-analysis. Our
results indicate that not all patients who underwent D&C
had pathology-proven RPOC. Thus defining those US fea-
tures which lead to successful noninvasive management
helps avoid unnecessary procedure-related complications.
Determination of what imaging findings truly necessitate
an intervention was not possible based on the retrospec-
tive nature of our study. However, through chart review, we
were able to identify those imaging findings most associated
with conservative management without need for subsequent
intervention.

Conclusion

Thin endometrial stripe < 10 mm is a useful criterion to pre-
dict successful noninvasive management in patients with
suspected RPOC. The absence of endometrial vascularity
and EMV were also associated with conservative manage-
ment, but to a slightly lesser degree. While a vascular endo-
metrium was more frequently intervened on, its absence did
not exclude RPOC. RPOC is a difficult diagnosis to make
based on clinical and imaging findings. In such challenging
situations, US can play a key role by identifying patients
who can undergo expectant or medical treatment.
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