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HIGHLIGHTS

« Surgical morbidity at cesarean hysterectomy for PAS was evaluated per surgeon's specialty.
» Gynecologic oncologists appear to manage more severe forms of PAS.
* Regardless of surgeon's specialty, surgical morbidity of cesarean hysterectomy for PAS was significant.
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the attending surgeon.

Methods. The Premier Healthcare Database was queried retrospectively to study patients with placenta
accreta spectrum who underwent cesarean delivery and concurrent hysterectomy from 2016 to 2020. Surgical
morbidity was assessed with propensity score inverse probability of treatment weighting based on surgeon spe-

ﬁzﬁfﬁgzmm spectrum cialty for hysterectomy: general obstetrician-gynecologists, maternal-fetal medicine specialists, and gynecologic
Cesarean hysterectomy oncologists.

Gynecologic oncologist Results. A total of 2240 cesarean hysterectomies were studies. The most common surgeon type was general
Ureteral stent obstetrician-gynecologist (n = 1534, 68.5%), followed by gynecologic oncologist (n = 532, 23.8%) and
Tranexamic acid maternal-fetal medicine specialist (n = 174, 7.8%). Patients in the gynecologic oncologist group had the highest
Uterine arterial embolization rate of placenta increta or percreta, followed by the maternal-fetal medicine specialist and general obstetrician-

gynecologist groups (43.4%, 39.6%, and 30.6%, P < .001). In a propensity score-weighted model, measured surgi-
cal morbidity was similar across the three subspecialty groups, including hemorrhage / blood transfusion
(59.4-63.7%), bladder injury (18.3-24.0%), ureteral injury (2.2-4.3%), shock (8.6-10.5%), and coagulopathy
(3.3-7.4%) (all, P> .05). Among the cesarean hysterectomy performed by gynecologic oncologist, hemorrhage
/ transfusion rates remained substantial despite additional surgical procedures: tranexamic acid / ureteral
stent (60.4%), tranexamic acid / endo-arterial procedure (76.2%), ureteral stent / endo-arterial procedure
(51.6%), and all three procedures (55.4%). Tranexamic acid administration with ureteral stent placement was
associated with decreased bladder injury (12.8% vs 23.8-32.2%, P < .001).

Conclusion. These data suggest that patient characteristics and surgical procedures related to cesarean hyster-
ectomy for placenta accreta spectrum differ based on surgeon specialty. Gynecologic oncologists appear to
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manage more severe forms of placenta accreta spectrum. Regardless of surgeon's specialty, surgical morbidity of
cesarean hysterectomy for placenta accreta spectrum is significant.

© 2024 Elsevier Inc. All rights reserved.

1. Introduction

Placenta accreta spectrum refers to a morbidly adherent placenta to
the gravid uterus [1,2]. While optimal treatment is currently under
active evaluation, pregnant patients with suspected placenta accreta
spectrum frequently undergo hysterectomy for the en-bloc removal of
in-situ placenta altogether with the uterus immediately following
cesarean delivery of the fetus [1]. This surgical procedure, however, is
associated with significant maternal morbidity and mortality [3].
Improving perioperative outcomes of cesarean hysterectomy for pla-
centa accreta spectrum is therefore of utmost importance and an
unmet-need for surgeons and patients.

Various approaches and surgical techniques have been proposed
previously to minimize surgical morbidity of cesarean hysterectomy
for placenta accreta spectrum [4-8]. Focused areas of evaluation include
a multidisciplinary team approach [9,10], prophylactic ureteral stent
placement [11,12], endo-arterial procedures such as uterine arterial bal-
loon occlusion [13] and resuscitative endovascular balloon occlusion of
the aorta [14], and combination of antifibrinolytic agent use with endo-
arterial embolization [15]. It is recommended that experienced pelvic
surgeons perform cesarean hysterectomy for placenta accreta spectrum
[8,16].

The majority of prior studies examining the surgeon's role and out-
comes of cesarean hysterectomy for placenta accreta spectrum have fo-
cused on gynecologic oncologists [17-20]. In addition, the sample sizes
of these past studies were low-to-modest (100-150 cases of cesarean
hysterectomy, including 60-70 cases performed by gynecologic oncolo-
gists) [18,19]. Studies to assess surgical practice and outcomes among
other subspecialities such as maternal-fetal medicine specialists were
single center experiences [9,21] and comparison to other surgeon's
subspeciality were limited. As there is a wide range of practice variabil-
ity for placenta accreta spectrum across single centers [22], extrapolat-
ing specialty-based outcomes is difficult.

Collectively, there is a scarcity of surgeon subspecialty-type specific
data to examine patterns of care and outcomes of cesarean hysterec-
tomy for placenta accreta spectrum. The objective of this study was
thus to assess (i) clinical and pregnancy characteristics, (ii) pattern of
surgical procedures, and (iii) surgical morbidity associated with cesar-
ean hysterectomy for placenta accreta spectrum based on the subspe-
cialty of the attending surgeon in the United States.

2. Materials and methods
2.1. Database

The Premier Healthcare Database was queried for this retrospective
study [23]. This program captures both inpatient and outpatient ser-
vices across >700 hospitals in the United States. The de-identified infor-
mation that the program collects include patient clinical characteristics,
diagnoses and procedures during the hospital encounter, hospital
parameters, and outcome endpoints. The Columbia University
Institutional Review Board determined the current study exempt as
non-human subject research.

2.2. Cohort selection

Patients with a diagnosis of placenta accreta spectrum who under-
went cesarean delivery and concurrent hysterectomy at the time from
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2016 to 2020 were evaluated. Planned delayed hysterectomy following
cesarean delivery [24] and expectant conservative management with-
out hysterectomy following cesarean delivery [25] were possible alter-
native treatment approaches for placenta accreta spectrum, but these
two options were excluded in this study.

The starting point of year 2016 was chosen due to the introduction of
the World Health Organization's International Classification of Disease
10th revision Clinical Modification code for placenta accreta spectrum,
including three subtypes (accreta, increta, and percreta) (Supplemen-
tary Table S1). Performance of cesarean delivery and hysterectomy
followed the International Classification of Disease 10th revision Proce-
dure Classification System and Clinical Modification codes, the
American Medical Association's Current Procedural Terminology
codes, and Diagnosis-Related Group codes (Supplementary Table S1)
[3,26].

2.3. Exposure

All the eligible cases were then assessed for surgeon's specialty type
for the cesarean delivery and the hysterectomy components of the pro-
cedure, separately; and this study focused on three most frequent sur-
geon's subspeciality types for hysterectomy (Supplementary Table S1).
These included general obstetrician-gynecologists, gynecologic oncolo-
gists, and maternal-fetal medicine specialists.

In the United States, subspeciality training for gynecologic oncology
(3-4 years) follows the completion of general obstetrician-gynecologist
training (4 years) [27]. Likewise, subspeciality training for maternal-
fetal medicine (3 years) follows the completion of general
obstetrician-gynecologist training (4 years) [28]. Cesarean hysterec-
tomy for placenta accreta spectrum is not specifically described in the
current training program requirements for these two subspecialities
[27,28].

2.4. Outcome measures

The main outcomes assessed in this study were surgical morbidity
associated with cesarean hysterectomy for placenta accreta spectrum.
The morbidity indicators followed prior analysis for cesarean hysterec-
tomy for placenta accreta spectrum, including hemorrhage / transfu-
sion, bladder injury, ureteral injury, shock, and coagulopathy
(Supplementary Table S1) [3].

The secondary outcomes included three targeted-surgical proce-
dures at the time of cesarean hysterectomy: intravenous administration
of tranexamic acid, cystoscopic ureteral stent placement, and arterial
embolization or balloon catheter placement. These were pre-selected
in a view of relevance to cesarean hysterectomy for placenta accreta
spectrum [11,15,29]. Text search in patients' billing file was conducted
(screened a total of 2493 terms) in addition to the coding schema (Sup-
plementary Table S1).

Additionally, severe maternal morbidity per the Centers for Disease
Control and Prevention definition (a total of 21 indicators) [30], surgical
reoperation, and surgical site complication were assessed as the second-
ary outcome measures (Supplementary Table S1).

2.5. Study variables

Patient demographics, pregnancy characteristics, and hospital pa-
rameters pertinent to placenta accreta spectrum were preselected.
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Patient demographics and general clinical factors included maternal age
at delivery (25-29, 30-34, 35-39, and >40 years), year of delivery
(2016, 2017, 2018, 2019, and 2020), race (Asian, Black, Other, and
White) determined by the program, primary payer (Medicaid or com-
mercial), marital status (married, single, or other), admission via emer-
gent care (yes or no), and medical comorbidity (obesity, pregestational
hypertension, and pregestational diabetes mellitus). Race was exam-
ined in this study due to possible association for placenta accreta spec-
trum characteristics and outcomes [31].

Pregnancy characteristics included past history of cesarean delivery,
placenta previa, maternal gestational diabetes, gestational hyperten-
sion, multi-fetal gestation, and gestational age at delivery (<28,
28-31, 32-36, and >37). Hospital parameters included bed capacity
(<400, 400-499, or >500), location type (urban or rural), teaching sta-
tus (yes or no), U.S. region (Northeast, Midwest, South, or West), and
annualized mean delivery volume (quarterized).

2.6. Statistical analysis

Baseline clinical and demographic data were aggregated and pre-
sented as percentage by surgeon's sub-specialty groups, and statistical
differences were assessed using chi-square tests. Surgeons' subspecialty
distribution and utilization rates of the three targeted procedures
(tranexamic acid administration, ureteral stent placement, and endo-
arterial embolization / balloon occlusion) were summarized per calen-
dar year and temporal trends assessed with the Cochran-Armitage
trend test.

The comparison of surgical morbidities across surgeons' subspe-
cialty groups was assessed using propensity score inverse probability
of treatment weighting [32]. A multinomial logistic regression model
was fitted to calculate predicted probability of being assigned to each
surgeon subspecialty group and the weights were calculated to bal-
ance and mitigate the difference in the baseline clinical and demo-
graphic data across the three surgeon's subspecialty groups. All the
measured study covariates were considered in the multinomial logis-
tic regression model, while hospital location setting and gestational
age were excluded due to multicollinearity with other variables.
Trimming was used for the extreme weights. In the weighted cohort,
surgical morbidity rates were assessed in the three surgeon's subspe-
cialty groups.

In sensitivity analyses, patients who had placenta previa with either
increta or percreta were evaluated. This group can be a surrogate of an-
tenatally suspected severe form of placenta accreta spectrum [4,8]. In
addition, the measured surgical morbidities were assessed based on
the performance of three targeted procedures at cesarean hysterectomy
(tranexamic acid administration, ureteral stent placement, and endo-
arterial embolization / balloon occlusion), evaluated in each surgeons'
subspecialty group (general obstetrician-gynecologists, maternal-fetal
medicine specialists, and gynecologic oncologists). This was based on
the notion that surgical practice patterns may differ across surgeon's
specialty [20,33]. Last, surgery setting was compared for the measured
morbidity (emergency vs non-emergency).

A P-value of <0.05 was considered statistically significant (2-tailed
hypothesis). SAS Software version 9.4 (SAS Institute Inc., Gary, NC,
USA) was used for analysis. The results were reported in accord with
the STROBE reporting guidelines for observational study [34].

3. Results
3.1. Demographic characteristics

A total of 2240 cesarean hysterectomies met the study inclusion
criteria. Hysterectomy following cesarean delivery was most frequently
performed by general obstetrician-gynecologists that accounted for
nearly two-thirds of the study population (N = 1534, 68.5%). This was
followed by gynecologic oncologists (N = 532, 23.8%). Hysterectomy
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following cesarean delivery was infrequently performed by maternal-
fetal medicine specialists, representing <10% of study population
(N =174, 7.8%).

During the study period, the distributions of surgeon's subspecialty
were overall unchanged (Fig. 1). These included general obstetrician-
gynecologists (66.4% to 70.0%, P-trend = 0.097), gynecologic oncolo-
gists (22.3% to 22.6%, P-trend = 0.465), and maternal-fetal medicine
specialist (11.3% to 7.4%, P-trend = 0.086).

Patients in the maternal-fetal medicine specialist group were more
likely to be obese (28.7% vs 18.3-23.7%), admitted to the hospital
through emergent care (56.3% vs 38.0-41.7%), and have had prior cesar-
ean delivery (82.8% vs 74.6-79.1%) compared to the other two
subspeciality groups (all, P < .05; Table 1).

Patients in the gynecologic oncologist group had the highest rate of
placenta increta or percreta (43.4%), followed by maternal-fetal medi-
cine specialists (39.7%) and general obstetrician-gynecologists (30.6%)
(P <.001). The results were consistent for placenta percreta: 26.5%,
24.1%, and 17.4% for the gynecologic oncologist, maternal-fetal medi-
cine specialist, and general obstetrician-gynecologist groups, respec-
tively (Table 1).

Patients in the gynecologic oncologist and maternal-fetal medicine
specialist groups were more likely to have placenta previa
(62.4-63.2% vs 49.4%) including placenta previa with either increta or
percreta (27.0-27.4% vs 16.2%) (both, P < .001; Table 1). Patients in
the general obstetrician-gynecologist group were more likely to deliver
at term gestation (23.5% vs 10.3%, P < .001, Table 1), and this group was
also characterized by small bed capacity, rural setting, non-teaching sta-
tus, and lower delivery volume centers compared to other groups (all,
P < .001; Table 1).

3.2. Targeted procedures

At the study population-level, the utilization of all three targeted
procedures at cesarean hysterectomy increased during the 5-year
study period from 2016 to 2020 (Fig. 2). The largest relative-increase
was the administration of tranexamic acid from 11.5% to 37.5% (3.3-
fold increase; P-trend < 0.001). The relative-increase in the remaining
two targeted procedures were modest: ureteral stent placement
(16.9% to 23.4%, 1.4-fold increase, P-trend = 0.014) and endo-arterial
embolization / balloon occlusion (15.9% to 20.7%, 1.3-fold increase,
P-trend = 0.018).
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Fig. 1. Distribution of surgeon's subspeciality.

Proportional distributions of three measured surgeon's subspecialities (OBGYN, GO, and
MFM) for cesarean hysterectomy performed for placenta accreta spectrum are shown
from 2016 to 2020. Abbreviations: OBGYN, general obstetricians and gynecologists; GO,
gynecologic oncologists; and MFM, maternal-fetal medicine specialists.
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Table 1
Clinico-pregnancy characteristics and hospital parameters by surgeon subspecialty.
Characteristic OBGYN GO MFM P-value
N (%) N (%) N (%)

Total Number 1534 (100) 532 (100) 174 (100)

Age (y) 0.266
25-29 340 (22.2) 116 (21.8) 35 (20.1)
30-34 554 (36.1) 179 (33.7) 70 (40.2)
35-39 450 (29.3) 173 (32.5) 57 (32.8)
>40 190 (12.4) 64 (12.0) 12 (6.9)

Year >0.05%
2016 259 (16.9) 87 (16.4) 44 (25.3)
2017 290 (18.9) 130 (24.4) 34 (19.5)
2018 351 (22.9) 102 (19.2) 29 (16.7)
2019 301 (19.6) 105 (19.7) 30(17.2)
2020 333 (21.7) 108 (20.3) 37 (21.3)

Race 0.332
Asian 71 (4.6) 21 (4.0) *
Black 290 (18.9) 101 (19.0) 34 (19.5)
Other 233 (15.2) 106 (19.9) 32 (18.4)
Unknown 59 (3.9) 25 (4.7) *
White 881 (57.4) 279 (52.4) 92 (52.9)

Payer type 0.992
Medicaid 779 (50.8) 267 (50.2) 87 (50.0)
Commercial 669 (43.6) 233 (43.8) 76 (43.7)
Unknown 86 (5.6) 32 (6.0) 11 (6.3)

Marital status 0.021
Married 818 (53.3) 293 (55.1) 95 (54.6)
Single 549 (35.8) 202 (38.0) 70 (40.2)
Other’ 167 (10.9) 37 (7.0) *

Emergent care <0.001
No 822 (53.6) 315 (59.2) 72 (41.4)
Yes 640 (41.7) 202 (38.0) 98 (56.3)
Unknown 72 (4.7) 15(2.8) *

Obesity 0.001
No 1253 (81.7) 406 (76.3) 124 (71.3)
Yes 281 (18.3) 126 (23.7) 50 (28.7)

Pregestational hypertension 0.827
No 1456 (94.9) 506 (95.1) 167 (96.0)
Yes 78 (5.1) 26 (4.9) *

Pregestational diabetes 0.115
No 1482 (96.6) 508 (95.5) 163 (93.7)
Yes 52 (3.4) 24 (4.5) 11 (6.3)

Gestational hypertension 0.165
No 1449 (94.5) 512 (96.2) 162 (93.1)
Yes 85 (5.5) 20 (3.8) 12 (6.9)

Gestational diabetes 0.345
No 1327 (86.5) 447 (84.0) 151 (86.8)
Yes 207 (13.5) 85 (16.0) 23 (13.2)

Multifetal gestation 0.816
No 1476 (96.2) 509 (95.7) 168 (96.6)
Yes 58 (3.8) 23 (4.3) *

Prior cesarean delivery 0.012
No 390 (25.4) 111 (20.9) 30(17.2)
Yes 1144 (74.6) 421 (79.1) 144 (82.8)

Placenta previa <0.001
No 777 (50.7) 200 (37.6) 64 (36.8)
Yes 757 (49.4) 332 (62.4) 110 (63.2)

Placental accreta subtype <0.001
Accreta 1064 (69.4) 301 (56.6) 105 (60.3)
Increta 203 (13.2) 90 (16.9) 27 (15.5)
Percreta 267 (17.4) 141 (26.5) 42 (24.1)

Previa with increta / percreta <0.001
No 1286 (83.8) 386 (72.6) 127 (73.0)
Yes 248 (16.2) 146 (27.4) 47 (27.0)

Gestational age (w) <0.001
>37 360 (23.5) 55 (10.3) 18 (10.3)
32-36 921 (60.0) 358 (67.3) 116 (66.7)
28-31 147 (9.6) 69 (13.0) 28 (16.1)
<28 96 (6.3) 45 (8.5) 11(6.3)

Unknown * * *

Hosp bed capacity <0.001
<400 479 (31.2) 60 (11.3) 13(7.5)
400-499 171 (11.2) 108 (20.3) 24 (13.8)
>500 884 (57.6) 364 (68.4) 137 (78.7)

Hosp location setting <0.001
Urban 1422 (92.7) 507 (95.3) 174 (100)
Rural 112 (7.3) 25 (4.7) 0
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Characteristic OBGYN GO MFM P-value
N (%) N (%) N (%)
Hosp teaching setting <0.001
No 466 (30.4) 85 (16.0) 14 (8.1)
Yes 1068 (69.6) 447 (84.0) 160 (91.9)
Hosp region <0.001
Northeastern 259 (16.9) 112 (21.1) 28 (16.1)
Midwest 307 (20.0) 90 (16.9) 30(17.2)
South 718 (46.8) 235 (44.2) 31(17.8)
West 250 (16.3) 95 (17.9) 85 (48.9)
Hosp delivery volume <0.001
QT1 (lowest) 435 (28.4) 112 (21.1) 15(8.6)
QT2 405 (26.4) 104 (19.6) 41 (23.6)
QT3 413 (26.9) 142 (26.7) 22 (12.6)
QT4 (highest) 281 (18.3) 174 (32.7) 96 (55.2)

Number (percentage per column) is shown. * Small number suppressed. { Including unknown. § Cochran-Armitage trend test for all 3 groups. Abbreviations: OBGYN, general obstetricians
and gynecologists; GO, gynecologic oncologists; MFM, maternal-fetal medicine specialists; QT, quartile.

When examined the three surgeon's subspeciality groups, the utili-
zation rates of all three targeted procedures at cesarean hysterectomy
were higher among the patients in the maternal-fetal medicine special-
ist group compared to those in the other groups (Table 2). These in-
cluded administration of tranexamic acid (47.7% vs 22.2-26.5%),
ureteral stent placement (44.8% vs 14.8-22.0%), and endo-arterial em-
bolization or balloon occlusion (38.5% vs 11.6-19.6%) (all, P < .001).

The results were consistent when examined for the patients who
had placenta previa either with increta or percreta: administration of
tranexamic acid (72.3% vs 24.6-34.3%), ureteral stent placement
(59.6% vs 27.4-38.4%), and endo-arterial embolization or balloon occlu-
sion (66.0% vs 18.9-26.0%) (all, P < .001).

3.3. Surgical morbidities by surgeons' subspecialty

In the propensity score-weighted cohort, the study covariates were
well-balanced across the three surgeons' subspecialty groups (all,

P > .05; Supplementary Table S2). The measured surgical morbidities
were overall similar across the three surgical specialty groups
(Table 3). These included the incidence rates of hemorrhage / blood
transfusion ranging between 59.4% and 63.7% (P = .688), bladder injury
ranging between 18.3% and 24.0% (P = .453), ureteral injury ranging be-
tween 2.2% and 4.3% (P = .502), shock ranging between 8.6% and 10.5%
(P = .794), and coagulopathy ranging between 3.3% and 7.4% (P =
.227). The results remained consistent for severe maternal morbidity,
surgical site complication, and reoperation (Table 3).

Among cesarean hysterectomies performed by general obstetrician-
gynecologists, the incidence rates of measured outcomes were overall
lowest among those with tranexamic acid administration and ureteral
stent placement across the observed targeted procedure patterns
(Table 4).

Among cesarean hysterectomies performed by gynecologic oncolo-
gists, the incidence of hemorrhage / blood transfusion was overall sub-
stantial but was lowest with ureteral stent placement and endo-arterial
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Fig. 2. Temporal trends of utilization of targeted procedures.

Temporal trends of utilization rates of three targeted procedures (TXA use, ureteral stent insertion, and endo-arterial procedure) at cesarean hysterectomy for placenta accreta spectrum
are shown from 2016 to 2020. * Cochran-Armitage trend test. Observed value and corresponding standard error are displayed. Abbreviations: TXA, tranexamic acid; and endo-arterial,

uterine arterial embolization / balloon occlusion.
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Table 2
Targeted procedures at hysterectomy.
OBGYN GO MFM P-value
Entire cases Tranexamic acid <0.001
No 1193 (77.8) 391 (73.5) 91 (52.3)
Yes 341 (22.2) 141 (26.5) 83 (47.7)
Ureteral stent <0.001
No 1307 (85.2) 415 (78.0) 96 (55.2)
Yes 227 (14.8) 117 (22.0) 78 (44.8)
Arterial occlusion <0.001
No 1356 (88.4) 428 (80.5) 107 (61.5)
Yes 178 (11.6) 104 (19.6) 67 (38.5)
Previa (increta / percreta) Tranexamic acid <0.001
No 187 (75.4) 96 (65.8) 13 (27.7)
Yes 61 (24.6) 50 (34.3 34 (723
Ureteral stent <0.001
No 180 (72.6) 90 (61.6) 19 (40.4)
Yes 68 (27.4) 56 (38.4 8 (59.6)
Arterial occlusion <0.001
No 201 (81.1) 108 (74.0) 16 (34.0)
Yes 47 (18.9) 38 (26.0) 31 (66.0)
Other Cases™ Tranexamic acid <0.001
No 1006 (78.2) 295 (76.4) 78 (61.4)
Yes 280 (21.8) 91 (23.6) 49 (38.6)
Ureteral stent <0.001
No 1127 (87.6) 325(84.2) 77 (60.6)
Yes 159 (12.4) 61 (15.8) 50 (394)
Arterial occlusion <0.001
No 1155 (89.8) 320 (82.9) 91 (71.7)
Yes 131 (10.2) 66 (17.1) 36 (284)

Number (percentage per column) is shown. * Other than placenta previa with increta / percreta. Abbreviations: OBGYN, general obstetricians and gynecologists; GO, gynecologic oncol-

ogists; MFM, maternal-fetal medicine specialists;.

embolization across the observed targeted procedure patterns although
remained considerably high (51.6% vs 55.4-76.2%, P = .007; Table 4).
The bladder injury rate was 10%-point lower with tranexamic acid ad-
ministration and ureteral stent placement compared to other proce-
dural patterns (12.8% vs 23.8-32.2%, P < .001). Surgery setting was
not associated with the measured morbidity (Supplementary Table S3).

4. Discussion
4.1. Principal findings

Key results of this study were as follows: First, maternal-fetal medi-
cine specialists infrequently performed cesarean hysterectomy for pla-
centa accreta spectrum. Second, gynecologic oncologists were more
likely to be involved in cesarean hysterectomy for more severe forms
of placenta accreta spectrum. Third, maternal-fetal medicine specialists
were more likely to perform additional surgical procedures at cesarean
hysterectomy for placenta accreta spectrum. Lastly, across the three sur-
geon's subspecialties, surgical morbidity rates of cesarean hysterectomy
for placenta accreta spectrum were substantial.

Table 3
Surgeon type-specific surgical morbidity in PS-IPTW cohort.
OBGYN GO MFM
% (SE) % (SE) % (SE) P-value
PPH / transfusion 63.7 (1.0) 59.4 (1.1) 60.5 (1.1) 0.688
Bladder injury 18.3(0.8) 22.3(0.9) 24.0 (0.9) 0.453
Ureteral injury 2.9 (04) 2.2 (0.3) 4.3 (0.4) 0.502
Shock 8.6 (0.6) 9.3 (0.6) 10.5(0.7) 0.794
Coagulopathy 7.4 (0.6) 6.1 (0.5) 3.3 (04) 0.227
Severe maternal morbidity 49.2 (1.1) 49.0 (1.1) 51.0 (1.1) 0.926
Surgical site complication 9.9 (0.6) 10.3 (0.6) 9.9 (0.6) 0.989
Reoperation 2.0 (0.3) 2.5(0.3) 3.0 (0.4) 0.848

Percentage (standard error) per surgeon subspeciality are shown. Abbreviations: PS-
IPTW, propensity score inverse provability of treatment weighting; OBGYN, general obste-
tricians and gynecologists; GO, gynecologic oncologist; MFM, maternal-fetal medicine
specialists; PPH, postpartum hemorrhage.

4.2. Clinical / research implications

Overall, <10% of patients in this study population underwent imme-
diate hysterectomy for placenta accreta spectrum were performed by
maternal-fetal medicine specialists. This may in part reflect a 2012 prac-
tice survey of maternal-fetal medicine specialists in the United States
that reported that they have low-to-modest case-volume for placenta

Table 4
Outcomes stratified by targeted procedures per subspecialty groups.

Combination of targeted procedures

Tranexamic acid (+) (+) (+)
Ureteral stent (+) (+) (+)
Endo-arterial (+) (+) (+)
% % % % P-value
OBGYN
PPH / transfusion 61.4 73.4 62.6 66.1 0.006
Bladder injury 14.0 16.5 293 275 <0.001
Ureteral injury 1.5 o o 7.3 <0.001
Coagulopathy 5.2 9.7 o 12.8 <0.001
Shock 7.1 12.7 o 10.1 0.035

Severe maternal morbidity 46.4 54.4 52.8 49.1 0.116
GO

PPH / transfusion 60.4 76.2 51.6 55.4 0.007
Bladder injury 12.8 23.8 25.8 322 <0.001
Ureteral injury * * * * 0.010
Coagulopathy 49 * * * 0.006
Shock 10.2 143 * * 0.054

Severe maternal morbidity 54.0 524 452 471 0.463
MFM

PPH / transfusion 70.3 * * 304 <0.001
Bladder injury * * * 27.8 <0.001
Ureteral injury * 0 * * 0.453
Coagulopathy * * 0 * 0.017
Shock * * * * 0.001
Severe maternal morbidity 57.8 * * 21.5 <0.001

Percentage per column is shown. * Suppressed small number. Bonferroni correction for the
significant level = 0.0006. Abbreviations: OBGYN, general obstetricians and gynecolo-
gists; GO, gynecologic oncologists; MFM, maternal-fetal medicine specialists; PPH, post-
partum hemorrhage.
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accreta spectrum [22]; the majority considered hysterectomy as the
mainstay of management for placenta accreta spectrum but nearly
one-third of responders experienced conservative management [22].

Moreover, a 2023 survey for maternal-fetal medicine fellows in the
United States reported that only 26% were comfortable performing ce-
sarean hysterectomy without gynecologic oncologist assistance [35].
While not examined in the current study, the concept of conservative
management without immediate hysterectomy for placenta accreta
spectrum is increasing in recent years that may possibly have attributed
the statistics of this study [36].

Rates of placenta increta or percreta, severe forms of placenta
accreta spectrum, were highest in the gynecologic oncologist group
followed by the maternal-fetal medicine specialist group in the current
study. This trend was similar to a 2022 retrospective study demonstrat-
ing that gynecologic oncologists were more likely to be involved in
suspected placenta percreta (37.1% vs 11.7%) [17].

Furthermore, gynecologic oncologist's surgical experiences for pla-
centa accreta spectrum appear significant. A 2022 practice survey for
gynecologic oncologists in the United States showed that 71.6% and
36.6% of responders have experienced greater than 5 and 10 liters of
blood loss at placenta accreta spectrum surgery, respectively [20]. Ce-
sarean hysterectomy case-volume for placenta accreta spectrum is
also modest for gynecologic oncologists in the United States. The afore-
mentioned practice survey suggested that only 35.5% perform 6 or more
surgeries a year [20]. Notably, 50.3% of responders expressed interests
in placenta accreta spectrum management [20].

Utilization of additional surgical procedures at cesarean hysterec-
tomy for placenta accreta spectrum differed across the surgeon's
subspecialities. Of the three groups, maternal-fetal medicine specialists
were more likely to administer tranexamic acid, insert ureteral stents,
and arrange endo-arterial occlusion or embolization at cesarean hyster-
ectomy for placenta accreta spectrum. Available prior data for surgeon
type-specific practice were mainly practice surveys but not patient-
level assessment [20,22].

Despite the inter-societal joint consensus between the American
College of Obstetricians and Gynecologists and the Society of
Maternal-Fetal Medicine, endorsed by the Society of Gynecologic
Oncologists for the management of placenta accreta spectrum [7], the
current patient-level study of real-world practice demonstrates wide
practice variability that needs further evaluation. Rapid uptick in the
administration of tranexamic acid at the study cohort-level may be pos-
sibly due to the influence of cesarean delivery data rather placenta
accreta specific [37].

The most notable results of this study were that across the three sur-
geon's subspecialities surgical morbidities of immediate hysterectomy
for placenta accreta spectrum following cesarean delivery were sub-
stantially high. Irrespective to surgeon's subspeciality, more than half
of the patients had hemorrhage or received blood transfusion, and
nearly one in four to five had urinary tract injury and one tenth had
shock. These results echo global view of surgical outcomes of immediate
hysterectomy performed for placenta accreta spectrum
[3,17,19,24,25,38].

4.3, Strengths and limitations

Inclusion of large sample size, assessment of surgeons' subspecialty,
evaluation of detailed surgical procedures, and corroboration of demo-
graphic difference to assess surgical morbidity strengthened the inter-
pretation of the study findings.

There were several limitations in the study. First, information on sur-
geon's details including surgical experience and case-volume regarding
cesarean hysterectomy for placenta accreta spectrum was not available
in the database. A 2021 multicenter study led by the International Soci-
ety for Placenta Accreta Spectrum suggested that inexperience in pla-
centa accreta spectrum surgery was associated with large blood loss
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[38]. Second, measured surgical morbidities were not able to be segre-
gated for the cesarean delivery part and the hysterectomy part, limiting
the granularity to interpret the hysterectomy morbidity. Chronology be-
tween surgical morbidity and targeted surgical procedures was also not
segregated.

Third, despite the inclusion of more than 2000 cases, sample size
may not reflect the nationwide statistics of cesarean hysterectomy for
placenta accreta spectrum. For example, the estimated annual number
of cesarean hysterectomies performed for placenta accreta spectrum
was nearly 1900 nationwide in the recent years in the United States
[3]. Fourth, center-of-excellence criteria for placenta accreta spectrum
was not available in the program but can possibly impact treatment
approach and outcomes.

Fifth, preoperative diagnosis, exact surgical blood loss, and opera-
tive time were not available in the program but these were important
outcome information in this type of study. Sixth, accuracy of data was
not assessable due to lack of actual medical record review. Lastly, the
program captures only one surgeon's subspecialty per surgical proce-
dure, resulting in possible misclassification if there was a second
subspeciality surgeon involved in the hysterectomy part
(e.g., gynecologic oncologist participated during the surgery started
with general obstetrician-gynecologist and consulted intraopera-
tively for surgical morbidity).

4.4. Conclusion

This study suggests that patient characteristics and surgical proce-
dures related to cesarean hysterectomy for placenta accreta spectrum
differ based on surgeon specialty. Regardless of surgeon's specialty, sur-
gical morbidity of cesarean hysterectomy for placenta accreta spectrum
is significant, suggesting the necessity of developing a strategic
approach to improve surgical outcomes.

Several expert panels have called for action to fill a gap between
decreasing surgical volumes and increasing cases of placenta accreta
spectrum for graduating general obstetrician-gynecologists from
training programs [39]. While decreasing surgical experience for
complex pelvic surgery that can be vital for placental accreta spec-
trum surgery was noted in gynecologic oncology fellows in the
United States [40], management of pregnant patients with suspected
placenta accreta spectrum can be a possible future practice for gyne-
cologic oncologists [16,41,42]. Going forward, this may be the oppor-
tunity to propose the core surgical training curriculum specific to
placenta accreta spectrum across the three societies for general
obstetrician-gynecologists, gynecologic oncologists, and maternal-
fetal medicine specialists as the next direction.
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