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Background. To establish the usefulness of placental magnetic resonance in patients with
a diagnosis of placenta accreta through the correlation of diagnostic images and surgical
findings.

Methods. Three hundred patients with ultrasound signs of placenta accreta were studied.
In 252 patients, magnetic resonance imaging (MRI) was performed in a closed 1.5
T-resonator, and in 48 patients, open 0.23 T-set was used. T1 and T2 slices in the three
planes were performed, and placental invasion was classified in depth levels and topo-
graphic areas in relation to the posterior vesical wall. The final degree of invasion was
established during surgery according to clinical and anatomical criteria. The information
obtained with MRI was analyzed, thus establishing its relevance to the change in surgical
technique.

Results. In 286 cases, MRI provided topographic information of placental invasion, and
in 90 patients, it modified invasion levels. Undiagnosed parametrium extent was deter-
mined in 11 cases, and 11 other cases were reclassified as placenta previa. Changes in
conduct following MRI study included: recommendation to modify surgery date at week
35, recommendation for prophylactic ureteral catheterization, recommendation for the
use of intraoperative blood salvage, possibility of approach through Pfannenstiel incision,
probability of segmental myometrial approach, probability of aortic clamping, need to
investigate subclinical disseminated intravascular coagulation, need of posterior pelvic
dissection, and the possibility of uterine conservation.

Conclusions. Magnetic resonance imaging turned out to be essential to define the topography
and area of placental invasion. New findings modified surgical tactic and technique, allowing
a reduction in historical morbidity and a significant increase in conservative surgeries.
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Placenta accreta, increta and percreta are entities of
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PMRI: placental magnetic resonance imaging; PAD: placental
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development of adherent placenta (2). This asso-
ciation constitutes the most important clinical
risk factor to suspect placental invasion. Sec-
ondly, curettage, previous uterine surgeries, and
infections can be included.

Ultrasound is the first-rate method to diagnose
placental invasion (3). However, it is usual to
notice discrepancies between ultrasound diagno-
sis and surgical complexity, which make adequate
therapeutic planning difficult. Therefore, it is
believed that an accurate presurgery diagnosis
would make it possible to minimize risks and
plan a safer surgery.

Color Doppler and power Doppler were used
in order to reduce the diagnostic error of conven-
tional ultrasound (4,5). These techniques opti-
mized the detail of the uterine—placental
interface and, consequently, its diagnosis. Never-
theless, when it was necessary to characterize the
lesion topography in relation to soft pelvic tis-
sues, a placental magnetic resonance imaging
(pMRI) was required (6).

Even though each type of placental adherence
has a certain surgical tactic and technique, from a
diagnostic point of view, we could group placenta
accreta and its varieties under the label placental
adhesive disorders (PAD).

Studies that have correlated pMRI and PAD
are limited to small series, case presentations,
retrospective analyses, or to variations in image
acquisition (7-9). However, due to its excellent
definition, several authors considered it necessary
to make studies of statistical value to determine
PMRTI’s real value in PAD diagnosis. It was
thought that accurate diagnosis would undoubt-
edly imply a better surgical opportunity (10).

This study aims at establishing pMRI’s useful-
ness in the diagnosis and treatment of PAD and
at determining the correlation between diagnostic
images and surgical results.

Materials and methods

Between May 1994 and May 2004, 300 pregnant women
with ultrasound signs of placenta accreta were studied
before MRI was performed between the 25th and 28th
gestation weeks. These patients were referred from hospitals
and private health care centers belonging to an estimated
population area of 11000000 inhabitants, with an average
of 40000 living newborns per year, and a cesarean rate
between 30 and 60%.

Diagnostic ultrasounds were performed at private medical
institutions (79%) and at university centers (21%). All the
studies were obtained and informed by well-known opera-
tors, with over 5 years experience. Ultrasound scanners with
linear and sectorial 3.5 and 5 MHz transducers and also 5
and 7 MHz transvaginal transducers were employed. Ultra-
sound characterization for placenta accreta and its varieties
was generally established according to Finberg and Williams
(11) diagnostic criteria.
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Ultrasound results were compared with those of pMRI in
order to establish the usefulness of the new information in
connection with the final surgical outcome.

In 252 patients, pMRI was performed in a Picker Edge™
1.5 closed resonator (Picker, Cleveland, Ohio, USA).
Sequences T1: SE, TE 8, TR 140, FOV 45-50, TK 8, RES
160 x 256, PS 0.602, FLIP 120°, and SAR 1.81. Breath hold
and sequences T2: FSE 32; TE 168; TR 3500; FOV 28;
THCK 8; GAP 1.5; RES 192 x 256; PS 1.328; FLIP 90;
NSA 1; SAR 2.25. In the remaining 48 patients, a 0.23 T
open Picker Outlook Proview™ resonator was used (Mar-
coni, Vantaa, Finland) HOLD FE-92/6.0, FA 90°, SI. Thk/
sep: 10/11 mm, FOV 200 x 256, Phase enc: HOR, ETL 1. All
patients ingested 750 ml of water 45 min before the study,
and slices in the three spatial planes were used. All pMRI
were performed between the 30th and the 33rd gestation
weeks. The examination time was nearly 30 min and almost
always well tolerated, and approximately only 12% of the
patients suffered from claustrophobia and requested the
open resonator.

Sagittal images obtained through pMRI allowed the divi-
sion of anterior placental invasion into two sectors (12). Both
were delimited by a plane perpendicular to the upper bladder
axis, and the uterine sector bordering con the upper posterior
bladder wall is called S1, and the uterine sector adjacent to the
lower posterior wall, S2 (Figs 1 and 2). The levels of placental
invasion determined by pMRI were labeled: 0, for absence of
invasion; A, for partial myometrial invasion; B, for total

Fig. 1. Sagittal cut of pelvis. The division plane can be seen in
sectors S1 (upper uterine segment) and S2 (lower uterine
segment). P, pubis; VA, vagina; B, bladder.
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Fig. 2. Frontal view of pelvis. Both types of anterior invasion
S1 (upper uterine segment) and S2 (lower uterine segment) can be
observed. VA, Vagina.

myometrial invasion; and C, for invasions that involved the
whole of the myometrium and that included one or both
parametriums (seen in the pMRI’s coronal and axial slices).
For the case of combined S1 and S2 invasions, groups were
formed according to the highest percentage of invasion.

The final degree of placental penetration and its specific
topography were established in the operating room accord-
ing to clinical and anatomical criteria. With that purpose,
placenta accreta was defined as that which adhered itself
firmly to the endometrium, and that which, when detached,
showed non-self-controlled bleeding, placenta increta as that
which required curettage to remove invasive tissue deeply
implanted in the myometrium, and placenta percreta as that
invasion which involved all uterine layers, being able to
exceed the uterus and invade neighboring organs.

Information that had not been provided by previous stud-
ies was considered new, and data which modified surgical
tactic or technique were considered relevant information.

pMRI findings were compared with final surgical results.
With that aim, specific surgery was performed following a pre-
established protocol (13). There, laparotomy and myometrial
approach was considered according to the area and depth of
placental invasion, being fit for uterine reconstructive surgery
those placental invasions which did not affect more than 50%
of uterine axial circumference. The surgical protocol included
precise parameters for vascular control which, according to
the case, would be performed in the pelvic vessels (parame-
trium) or in the infrarenal abdominal aorta. Once fetal extrac-
tion and pelvic fascial dissection were concluded,
myometrium and vesical reconstruction was made according
to specific technique or to hysterectomy when necessary.

Tests of statistical significance Chi-square were per-
formed, between S1 and S2 levels established by pMRI
topographic classification. Parameters of comparison
included the possibility of uterine conservation, hysterec-
tomy, and the volume of transfused blood.
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Results

Mother’s age ranged between 16 and 46 years.
Patients reported 87 miscarriages, 61 of which
where solved without curettage. Myomectomy
background was recorded in 29 patients, 14
cases belonging to corporal myomas and 8 to
fundal myomas. In the seven remaining cases,
their exact location could not be defined due to
lack of reliable documentation.

Placental implantation corresponded to 206
previous locations, 69 anterior ones, and 25 to
lower anterior ones.

Analysis of the relation between the number of
cesarean and invasion levels can be examined in
Table I. The most frequent invasion was the A type
with 72.88%, and B and C invasions were for one
to two cesareans in 5.42% and for three or more
in 19%, respectively. C invasions (parametrium inva-
sions) were evidenced only through pMRI. Ultra-
sound type, its diagnosis, and also the new inform-
ation obtained by pMRI can be seen in Table I1.

pMRI modified the interpretation of invasion
degree in 90 patients (30%), and classified inva-
sion topography in 286 patients (95.33%). In 14
cases, invasion anatomy through studies with
incomplete series could not be defined, caused
by fetal movement or intolerance to study.

Surgical results were closely related to the kind
and level of invasion evidenced through pMRI
(TableIlI). Changes in conduct secondary to
pMRI study included: surgery rescheduling at
week 35 (68 cases), ureteral catheterization (11
cases), indication of intraoperative blood salvage
(43 cases), presence of specialists (43 cases), pos-
sibility of Pfannenstiel incision (19 cases), seg-
mental myometrial approach (34 cases), aortic
vascular control (22 cases), detection of subclini-
cal disseminated intravascular coagulation (21
cases), posterior pelvic dissection (15 cases), and
possibility of uterine conservation (236 cases).

In 281 patients (93.66%), direct and personal cor-
relation was made between images and surgical
findings. In the 19 remaining cases, surgical correla-
tion was performed by others.

Table!l. Previous cesarean and degree of invasion (regardless of pMRI
classification)

pMRI 0 A B C

One cesarean 5 22 3 1
Two cesarean 6 38 9 3
Three cesarean 0 73 16 2
Four or more 0 82 27 13
Total 300 11 215 55 19

pMRI, placental magnetic resonance imaging. 0, no invasion; A, partial
invasion; B, total invasion; C, parametrial invasion.



Table Il. Previous diagnosis and pMRI new information
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pMRI NF
AB US TV US DP US US diagnosis Degree $1/82 location
Group 1 Placenta accreta: 26 Invasion 0: 7 $1:20
(n=138) 38 0 0 Placenta increta: 12 Invasion B: 11 S2: 11
Invasion C: 3
Group 2 Placenta accreta: 102 Invasion 0: 4 §$1: 79
(n=134) 134 43 0 Placenta increta: 30 Invasion B: 17 S2: 47
Placenta percreta: 2 Invasion C: 3
Group 3 Placenta accreta: 88 Invasion B: 40 S1: 82
(n=128) 128 102 97 Placenta increta: 38 Invasion C: 5 S2: 45
Placenta percreta: 2
Total 300 145 97 300 NF: 90 (30%) NF: 284 (94.66%)

AB US, abdominal ultrasound; D US: Doppler ultrasound; pMRI, placental magnetic resonance imaging; NF, new findings; TV US, transvaginal ultrasound. 0, no
invasion; A, partial invasion; B, total invasion; C, parametrial invasion. Group 1, AB US; group 2, AB US+ TV US; group 3, AB US + TV US + Doppler.

Total hysterectomy was indicated in 30 patients,
out of which, 22 cases corresponded to massive
myometrial destruction (over 50% of uterine axial
circumference). In the other eight cases, hysterect-
omy was advised because of coagulopathy.

pMRI accurately characterized the level and
topography of invasion in 97.66% of the cases.
Four false positives for placenta percreta (1.33%)
and three false negatives for placental invasion
(1%) were recorded.

Because the uterine conservation was performed
in most cases, the histology of placental invasion
was enable only in 30 cases, 20 of them were pla-
centa percretas (B and C invasion), and the other 10
were classified as placenta accretas (A invasion).

Chi-square test-established significant differences
(P<0.001) between SI and S2 invasion levels
(PMRI) related to the possibility of uterine conser-
vation, hysterectomy, and transfused blood volume.

Discussion

It is usual to observe discrepancies among the
ultrasound report, histology, and surgical com-
plexity of PAD (14,15). Repetition of these
differences would imply the usefulness of repla-

Table I1l. Analysis by localization and outcome (pMRI classification)

cing the morphological classification with a topo-
graphic one. This change would allow the
analysis of diagnostic information with the main
aim of planning the surgery.

The division into S1 and S2 topographic areas
is directly related to the degree of local irrigation
(16). Sector S1 is irrigated by the uterine and
upper vesical arteries, vessels which are generally
of easy access and which promote quick hemos-
tasis. However, sector S2 has anastomotic irriga-
tion and originated in multiple pedicles (Fig. 3).
The visceral intersection formed among the
vesical trigonum, the uterine cervix, and the
vagina is irrigated by deeply located vessels (pelvic
subperitoneal), a fact which significantly increases
S2’s surgical complexity and the possibility of
hemorrhage.

S2 B and C invasions imply a higher probabil-
ity of using specific procedures, such as aortic
clamping (17) or posterior ureteral dissection
that is mainly due to the difficulty to perform a
bloodless dissection or at least controlled within a
vascular magma located deeply inside the pelvis.
Besides, and because of, its higher hemorrhagic
probability, it is convenient to use intraoperative
blood salvage in this kind of invasions. This

0 A B C
S1 136 49 5
UC (%) 136 (100) 47 (95.9) 3 (60)
TAH (%) 0(0) 2 (4.1) 2 (40)
TR 0-1U (0.25 median) 1-3U (1.79 median) 1-4 U (2.2 median)
S2 70 23 6
UC (%) 60 (85.7) 12 (52.17) 1(16.6)
TAH (%) 10 (14.3) 11 (47.83) 5(83.4)
TR 2-5U (3.2 median) 5-10U (6.9 median) 3-7U (5.16 median)

Total (n=2300) 11 (UC 100%) 206

72 11

TAH, total abdominal hysterectomy; UC, uterine conservation. 0, no invasion; A, partial invasion; B, total invasion; C, parametrial invasion; TR, transfusions.
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Fig. 3. Upper view of vesical-vaginal space: To the front, the
posterior bladder side can be seen, with the delimitation of S1
and S2 sectors. Behind, the homonymous sector corresponding
to S2 (lower uterine segment, cervix, and vagina) can be
observed. S1 pedicles: SVA, superior vesical artery; UA,
uterine artery. S2 pedicles: IVA, inferior vesical artery; VA:
vaginal artery from (1) IPA, inferior pudendal artery; (2) IIA:
iliac internal artery; (3) UA, uterine artery. CA, cervical artery
from the uterine artery; LUS: lower uterine segment; UR: Ureter.

recommendation may be deemed invaluable
when availability of the specific group is limited.
The sum of particular difficulties and the reduced
circumference area cause most S2 B and C inva-
sions to usually require resection procedures and
a higher number of transfusions.

It has been observed that S2 B and C invasions
may be accompanied by subclinical hemostatic
alterations, such as fibrinogen consumption,
high levels of fibrinogen-degradation product,
or a combination of both. Even though presur-
gery incidence of these disorders is low (10-15%),
prediction of complications (hematologist and
resources in the operating room) has allowed a
significant decrease of surgical morbidity (perso-
nal unpublished data).

Specific topographic knowledge of placental
invasion (S1 A, B and S2 A) provides the possibi-
lity of performing a segmental approach and also
of performing a Pfannenstiel incision using prede-
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termined dissecting vascular control techniques. In
this respect, neither ultrasound nor Doppler could
delimit the invasion area per regions or indicate
lines for a differential approach.

Presurgery localization of B and C invasions
(percreta and parametrial invasions) turned out
to be vital to plan surgery on week 35. This fact is
usually essential, because after that date, a higher
number of complications have been proved (18).

Axial and coronal slices obtained by pMRI
have made it possible to evidence parametrial
invasion in 100% of the cases. This finding, so
far unique for pMRI, would make it possible in
S2 B and C lesions to suggest the placement of a
urinary catheter in order to prevent possible uret-
eral injuries during deep pelvic dissection (19),
which is, topographically, a hard-access area
and noticeably irrigated (Fig.4). For this reason,
pPMRI constitutes a best topographic study for
the surgical planning of PAD (20).

Invasion topography (S1 and S2) showed signi-
ficant differences in both groups in relation to the
possibility of uterine conservation, hysterectomy,
and hematological resources. Characterization of
the degree of invasion was particularly efficient
when the study was associated to topographic
parameters. Changes in surgical tactic and techni-
que were a direct consequence of the additional
and suitable information provided by pMRI.

Despite the evidence collected, pMRI in itself
should neither establish nor determine unavoid-
able therapeutic techniques. On the contrary, it is
a study that would allow the planning of options
and resources to reduce or avoid PAD’s inherent
complications. Due to the current impossibility of
setting a diagnostic ‘gold standard’ for PAD, it is
advisable that the last therapeutic decision should
always be made in the operating room, according
to an actual estimation of the damage, to vascular

Fig. 4. Parametrial invasion of S2. A close connection between
placental invasion (PLi) with the pelvic ureter can be noticed.
UR,ureter; F, fetus; UC, uterine cervix; VA: vagina.



control probabilities, and to the ability to per-
form adequate tissue reconstruction.

As 30% of the patients have been relocated to
0, B or C types, it is advisable not to establish
definitive actions before the topographic study
(pMRI) has been completed and the final diag-
nosis through direct inspection has been verified.

The number of false positives observed in the
series was low (four cases). Diagnostic error was a
result of noticing thick vessels in the vesical-seg-
mental interface, which gave the diagnostic impres-
sion of placenta percreta (21). In these cases, the
absence of clinical background cast doubt on the
veracity of the diagnosis by pMRI, and the four
cases were approached through a Pfannenstiel inci-
sion. However, the identification of the vascular
pattern mentioned enabled a conditioned wide
exposition and ligature of the intramyometrial ves-
sels (Fig.5), a tactic that avoided an additional
hemorrhage during hysterectomy. The three false
negatives were due to studies with incomplete
sequences, generally caused by intolerance to the
study or by fetal movement. In these cases, and
despite the fact that we could not define the mor-
phological characteristics with certainty, the
patients were operated on as B invasions (classical
percretas) due to their clinical background.

From a technical point of view, slice thickness
and the use of image filters can also be regarded as
causes of pMRI’s diagnostic error. In our teams,
the use of slice thickeners under 7 mm caused over-
gaining (false positives), and interfered in the
valuation of the vesical-placental interface. In
contrast, the use of high- and mid-image filters
eliminates the faint image produced by the neo-
formation vessels (false negatives), and it leads to
underestimation of the actual degree of invasion.

pMRI has proved to be innocuous during preg-
nancy (22,23), and so far, its indications in PAD
cases used to be limited to cases with a diagnostic
doubt or with the suspicion of posterior placental
invasion (24). This study would allow the recom-
mendation of pMRI in patients with a diagnosis
of placenta increta or percreta, especially if they
experience low pelvic pain or irradiated to the
back, both usual symptoms of C invasions.
Besides, pMRI is recommended in patients with
PAD and who are eager to keep the uterus, or
interested in a future pregnancy. In these
patients, sectional lesion anatomy is particularly
useful to plan the approach (25), vascular
control, and possible uterine reconstruction.

As other authors have already stated, a precise
diagnosis has improved the actual possibilities to
treat PAD. Non-gestational functions of the uterus
are beginning to be revealed, and they appear to be
remarkable (26,27). Therefore, we consider it useful
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Fig. 5. Upper view of the vesical-vaginal space: thick intramyo-
metrial vessels (IMV) in the thickness of the uterine segment can be
observed, simulating neo-formation vessels of placenta percreta.
SH, segmental hysterotomy; UR, ureter; UA, uterine artery.

to have any resource that can make uterine con-
servation easy or that can promote it. In this
respect, the topographic characterization per-
formed by pMRI, together with the use of specific
surgical techniques, has made it possible to achieve
a high rate of uterine conservation with minimal
complications.

Image gallery

A 1: Axial slice; A type C (parametrial) placental
invasion can be identified. Behind and on the
right, thick neo-formation vessels (NFV) can
be identified marked with an asterisk.
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A 2: Axial slice; placental invasion (PLi) of the 1 C: Coronal slice; in the vesical-placental interface
posterior bladder region. areas of placental invasion (PLi) can be
observed. On the picture’s right margin, images
of flow vacuum can be identified (with an aster-
isk) due to the neo-formation vessels (NFV).

2 C: Coronal slice; 19-week pregnancy, fetus (F).
A type C placental invasion (PLi) can be
seen, which infiltrates into all uterine layers
and reaches the pelvic lateral wall.

A 3: Axial slice; retrovesical rupture of the uterine
segment. Placenta has invaded (PLi) the vesi-
cal seromuscular and protrudes into the
vesical mucosa. The absence of neo-formation
vessels is an indicator of a good surgical prog-
nosis.

BLADDER )
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3 C: Coronal slice; massive invasion of bladder S 1: Sagittal slice; vesical delimitation of S1 and S2
and of both parametriums (PLi). Images of invasion areas. NFV, neo-formation vessels.
flow vacuum characteristic of neo-formation
vessels (NFV) have been marked with an
asterisk. (B) Bladder.

4 C: Coronal slice; the way the placenta invades
(PLi) and protrudes into the bladder (B) can
be_observed here. Fetal head (F).

S 2: Sagittal slice; placental invasion of all the
posterior side of the bladder (PLi), B, bladder.

4 D: Coronal slice; on the left side (with an aster-
isk), vascular infiltration of the vesical ser-
omuscular can be observed. PLi, placental
invasion; NFV, neo-formation vessels.
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S 3: Sagittal slice; placental invasion (PL1i) in dif-
ferent sectors of the vesical posterior wall
can be noticed.
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