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Placenta accreta spectrum (PAS) is an increasingly significant obstetric complication associated with rising cesarean delivery rates and advanced maternal age. It is characterized by abnormal placental adherence or invasion into the uterine wall and is associated with severe maternal morbidity and mortality, particularly in advanced forms such as placenta percreta.
This review was conducted to synthesize current evidence on the pathophysiology, diagnosis, and management of PAS. A comprehensive literature search was performed using PubMed, Scopus, and Web of Science databases for studies published between 2000 and 2025. Relevant articles, including original studies, systematic reviews, meta-analyses, and clinical guidelines, were selected based on predefined inclusion criteria and analyzed qualitatively.
The findings indicate that early antenatal diagnosis using ultrasound and magnetic resonance imaging (MRI) plays a critical role in improving maternal and fetal outcomes. While cesarean hysterectomy remains the standard treatment for PAS, conservative and fertility-preserving approaches such as one-step conservative surgery and leaving the placenta in situ are emerging as viable alternatives in selected cases. However, these approaches are associated with variable outcomes and require careful patient selection and multidisciplinary expertise. Advances in imaging techniques, perioperative management, and the integration of telemedicine in resource-limited settings have further contributed to improved clinical decision-making and outcomes.
In conclusion, effective management of PAS requires early diagnosis, standardized classification, and a multidisciplinary approach tailored to disease severity and patient needs. Although significant progress has been made, further research is needed to refine conservative strategies, improve diagnostic accuracy, and develop standardized management protocols to enhance maternal and neonatal outcomes globally.
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Introduction

Placenta accreta spectrum (PAS), formerly termed “morbidly adherent placenta,” encompasses abnormal placental attachment disorders, including placenta accreta, increta, and percreta [1]. Placenta previa, previous cesarean delivery, prior uterine surgery, multiparity, advanced maternal age, and in vitro fertilization are key contributors to the global rise in PAS. Because the placenta cannot detach normally at delivery, PAS can lead to massive hemorrhage, often necessitating cesarean hysterectomy to control bleeding. Intraoperative blood loss typically ranges from 2,000 to 5,000 mL, and transfusion is commonly required. In the most severe cases, PAS can be fatal, with reported maternal mortality rates reaching 6–7% [2].
Maternal morbidity is significantly higher in placenta percreta than in placenta accreta, with reported rates of 86.3% compared with 26.7%. These data emphasize the need to reassess management strategies to reduce maternal complications. Early antenatal diagnosis remains essential for preoperative optimization, enabling improved surgical planning and better overall outcomes [3].
This review provides an updated synthesis of current evidence on the diagnosis, surgical management, and emerging conservative approaches for placenta accreta spectrum. It highlights evolving prenatal imaging standards, recent advances in operative techniques, and the growing emphasis on uterus-preserving strategies. By examining both high-resource and resource-limited settings, the review aims to clarify ongoing challenges, identify gaps in existing guidelines, and outline future directions for improving maternal outcomes in PAS.
Objectives of the Review
The present review aims to provide a comprehensive overview of PAS by integrating current evidence on its pathophysiology, risk factors, and clinical implications. It seeks to evaluate the diagnostic accuracy and clinical utility of imaging modalities, particularly ultrasound and magnetic resonance imaging (MRI), in the early detection and assessment of disease severity. Additionally, the review compares existing management strategies, including radical surgical approaches and conservative, fertility-preserving techniques, with a focus on their outcomes and associated complications. Finally, this review aims to identify existing gaps in knowledge and highlight emerging trends and future directions to improve the diagnosis, management, and overall maternal–fetal outcomes in PAS.
Methodology
A comprehensive literature search was performed using electronic databases including PubMed, Scopus, and Web of Science. Relevant articles published between 2000 and 2025 were identified using keywords such as “placenta accreta spectrum,” “placenta accreta,” “placenta increta,” “placenta percreta,” “diagnosis,” “ultrasound,” “magnetic resonance imaging,” “management,” “cesarean hysterectomy,” and “conservative treatment.”
Eligible studies included original research articles, systematic reviews, meta-analyses, and clinical guidelines published in English. Articles focusing on the pathophysiology, risk factors, diagnostic approaches, and management strategies of PAS were included. Case reports, conference abstracts, and studies with insufficient methodological detail were excluded.
Relevant data were extracted and synthesized qualitatively, with emphasis on recent advances in diagnostic imaging and evolving surgical and conservative management approaches. Priority was given to high-quality studies, including guideline-based recommendations and recent systematic reviews. The findings were organized thematically to provide a structured overview of current evidence and to identify gaps for future research.
Prevalence

The incidence of PAS is closely tied to increasing cesarean section rates. Between 1990 and 2014, cesarean deliveries rose from 6.7% to 19.1%, a trend mirrored by the global increase in

PAS. Numerous studies show that the risk of PAS rises in direct proportion to the number of prior cesarean sections, and a large meta-analysis of cohort and case–control studies confirms that previous uterine surgery markedly increases the likelihood of PAS disorders, including placenta percreta [3].
The global incidence of PAS now accounts for 1 in 5 births worldwide. Historically rare (1 in 20,000 births in 1951), PAS incidence rose to 1 in 2,500 and later 1 in 533 births between 1982 and 2002. This trend is expected to continue, with projections indicating that nearly 29% of all births will occur by cesarean section by 2030 [4]. Previous research has shown that PAS is associated not only with prior cesarean sections but also with repeated surgical abortions. A
U.S. study reported that by 2017, PAS occurred in approximately 1 in 313 cesarean deliveries.
The rising global prevalence of PAS has become a significant concern, underscoring the need for standardized terminology and uniform diagnostic criteria to reduce study variability and improve comparability across populations [5].
Classification

In 2018, the International Federation of Gynecology and Obstetrics (FIGO) introduced a standardized classification system for PAS disorders to unify terminology and improve consistency in diagnosis and reporting across clinical and research settings. This system integrates clinical, imaging, surgical, and histopathological findings and emphasizes the importance of pathological examination of suspected PAS placentas whenever possible to enhance diagnostic accuracy and reduce heterogeneity in research studies [1]. Chinese expert consensus statements also recommend adherence to the FIGO terminology and grading system to ensure consistency in diagnosis, reporting, and management of PAS disorders [6].
According to the FIGO classification, PAS disorders are categorized into three grades based on the depth of trophoblastic invasion into the uterine wall and adjacent structures.

Grade 1 (Placenta accreta):

This represents an abnormally adherent placenta, in which chorionic villi attach directly to the myometrium due to partial or complete absence of the decidua basalis, without invasion into the myometrial tissue [1].
Grade 2 (Placenta increta):

This form involves abnormally invasive placentation, where the chorionic villi penetrate the myometrium, resulting in deeper anchoring of placental tissue within the uterine wall [1].
Grade 3 (Placenta percreta):

This represents the most severe form of PAS, characterized by deep placental invasion through the entire thickness of the myometrium, extending to or beyond the uterine serosa and sometimes involving adjacent organs. FIGO further subdivides this category into Grade 3a, where the villi reach the serosal surface; Grade 3b, where invasion extends into the urinary bladder; and Grade 3c, where other pelvic organs, such as the bowel, are involved [1].
The FIGO classification has improved standardization of PAS diagnosis and reporting, facilitated better comparison of clinical outcomes and contributing to improved multidisciplinary management of this potentially life-threatening obstetric condition (Table 1) [7].
Table 1: FIGO Classification of Placenta Accreta Spectrum (PAS)

	Grade
	Type
	Definition
	Depth	of
Invasion
	Key Features / Clinical
Implications



	Grade 1
	Placenta accreta
	Abnormally adherent
placenta with chorionic villi attached directly to	the
myometrium

due to absent or deficient
decidua basalis
	No invasion into myometrium
	Difficult placental
separation, moderate
hemorrhage risk

	Grade 2
	Placenta increta
	Chorionic villi invade into the myometrium
	Partial
myometrial invasion
	Increased
bleeding risk, often requires surgical
intervention

	Grade 3a
	Placenta
percreta (serosal involvement)
	Villi penetrate through the full thickness of the myometrium
reaching   the

uterine serosa
	Full-thickness invasion up to serosa
	Severe
hemorrhage risk, complex surgical management

	Grade 3b
	Placenta percreta (bladder
involvement)
	Placental invasion
extends into the
urinary bladder
	Beyond	serosa into bladder
	High risk of urologic injury, requires



	
	
	
	
	multidisciplinary
surgery

	Grade 3c
	Placenta
percreta	(other organ
involvement)
	Invasion
extends into adjacent pelvic organs  (e.g.,
bowel)
	Beyond uterus into	other organs
	Highest morbidity,
complex surgery,
possible	organ resection




Pathophysiology

The condition is believed to result from disruption of the endometrial–myometrial interface, usually at sites of uterine scarring, which impairs decidualization and permits deeper invasion of placental villi into or beyond the myometrium [1, 8]. Placenta percreta represents the most severe and least common form, often extending into the bladder and creating marked pelvic hypervascularity. These features significantly complicate cesarean delivery and heighten surgical risk. The incidence of PAS has increased in recent decades, driven largely by rising cesarean delivery rates and advanced maternal age. Although still uncommon, it affects a growing proportion of pregnancies. Despite improvements in prenatal detection and multidisciplinary management, placenta percreta continues to carry a disproportionately high risk of severe maternal morbidity compared with less invasive forms of PAS [3].
Placenta accreta, increta, and percreta are distinguished by the depth of placental invasion into the uterine wall: accreta involves attachment to the myometrium, increta reflects invasion into the myometrium, and percreta occurs when villi penetrate through the myometrium and potentially beyond the serosa. These abnormalities can cause severe maternal morbidity due to impaired placental separation, leading to massive hemorrhage and often necessitating

hysterectomy. The underlying pathophysiology is linked to abnormal trophoblastic invasion at sites of defective decidualization, most associated with previous uterine surgery such as cesarean delivery. Prior cesarean scars create areas of deficient decidua, promoting deeper trophoblastic invasion and increasing the likelihood of abnormal placental adherence. The risk rises sharply in women with placenta previa: PAS occurs in 3% after one cesarean delivery, increasing to 11%, 40%, 61%, and 67% after two, three, four, and five or more cesarean deliveries, respectively [4].
At a molecular level, abnormal placentation in PAS is increasingly linked to dysregulation of angiogenic factors. Elevated expression of vascular endothelial growth factor (VEGF) and placental growth factor (PlGF) has been associated with excessive neovascularization and enhanced trophoblastic invasion, contributing to abnormal adherence and deep myometrial penetration [9]. These angiogenic pathways promote the formation of fragile, disorganized vascular networks, which partly explain the severe hemorrhagic complications observed in PAS.
In addition, immune dysregulation at the maternal–fetal interface has been proposed as a contributing factor. Altered activity of uterine natural killer (uNK) cells, macrophages, and cytokine signaling pathways may impair normal decidualization and facilitate unchecked trophoblast invasion [10]. This disruption of immune tolerance mechanisms may further exacerbate abnormal placental embedding within the myometrium.
There remains ongoing debate regarding whether PAS primarily results from defective decidualization or represents an intrinsic abnormality of trophoblastic invasion. The “decidual deficiency theory” suggests that the absence or thinning of the decidua basalis at scar sites permits passive over-invasion of otherwise normal trophoblasts. In contrast, the “trophoblast over- invasion theory” proposes that invasive trophoblastic behavior itself is dysregulated,

resembling tumor-like properties in its capacity for deep tissue infiltration [11]. Current evidence supports a multifactorial model in which both mechanisms interact, influenced by local uterine environment and prior surgical injury.
Combined imaging and pathology studies have further advanced understanding of PAS mechanisms. Jauniaux et al. demonstrated that extravillous trophoblasts may extend toward large uterine arteries and that thick fibrinoid deposits can separate villi from scarred myometrium at the Rohr layer. These findings, together with edema and disordered myofibers, illustrate abnormal placental–myometrial interaction. The authors proposed that deep EVT invasion is not a tumor-like process but is driven by high-velocity maternal blood flow entering the intervillous space from radial arteries [1]. Additional evidence indicates that altered fibrinolytic activity may worsen disease severity. Coagulation markers such as prothrombin time, fibrinogen, D-dimer, and fibrin degradation products correlate with blood loss, underscoring the need for thorough coagulation assessment in severe PAS.
Although no clinical biomarkers have been validated for routine diagnosis, several investigational strategies show promise. Methods isolating circulating trophoblast clusters and proteomic platforms identifying PAS-specific plasma signatures are emerging diagnostic tools. Molecular technologies, including single-cell sequencing and placental villous organoids, provide advanced models for studying trophoblast behavior and maternal–fetal interface biology. These tools reveal disrupted differentiation pathways and altered signaling networks, providing important insights that may guide future diagnostic and therapeutic approaches [12]. Figure 1 shows the pathophysiology of PAS.
Figure 1. Pathophysiology of PAS.
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Clinical features and diagnosis

The clinical presentation of placenta accreta spectrum (PAS) varies widely, but common features include antepartum hemorrhage (APH) and a history of previous cesarean deliveries. APH is frequently associated with PAS because abnormal placental adherence disrupts normal uterine contractility, leading to bleeding or partial placental separation. In some cases, patients may remain asymptomatic until delivery, highlighting the importance of antenatal risk assessment. Additional clinical indicators include placenta previa, unexplained vaginal bleeding in the second or third trimester, and a history of uterine surgeries such as curettage or myomectomy [13].
Diagnosis relies on careful evaluation of clinical risk factors in conjunction with advanced imaging techniques. Ultrasound remains the first-line modality due to its accessibility and cost- effectiveness, while magnetic resonance imaging (MRI) is considered the gold standard for assessing the depth and topography of placental invasion, particularly in posterior placentation or equivocal ultrasound findings. Ultrasound findings suggestive of PAS include loss of the

retroplacental hypoechogenic zone and increased placental vascularity [13]. Additional sonographic features include the presence of multiple placental lacunae (“Swiss cheese” appearance), thinning or disruption of the myometrium, bridging vessels extending to adjacent organs, and turbulent blood flow on color Doppler imaging [14].
Recent evidence indicates that many PAS cases go unrecognized before delivery, with up to two-thirds identified only postpartum due to retained placenta. Prenatal detection relies heavily on subjective interpretation of ultrasound features, and reported sensitivities and specificities vary considerably depending on operator expertise and diagnostic criteria. Meta-analyses have reported ultrasound sensitivity ranging from 80% to 90% and specificity between 90% and 97%, although these values may be lower in non-specialized settings [15]. MRI provides complementary information, particularly in assessing parametrial invasion, bladder involvement, and the extent of placental infiltration, thereby improving preoperative planning [16].
The key sonographic indicators of PAS are an irregular placental–myometrial interface, absence of the clear zone, and the presence of placental lacunae [1]. However, these findings are not entirely specific and may also be observed in patients with prior cesarean scars without true placental invasion, contributing to false-positive diagnoses. Emerging diagnostic approaches, including standardized scoring systems that combine imaging findings with clinical risk factors, have shown promise in improving diagnostic accuracy and risk stratification [17]. These models may facilitate earlier referral to specialized centers and enable better multidisciplinary planning, ultimately improving maternal and fetal outcomes.
Role of imaging in PAS management

Accurate diagnosis and meticulous preoperative planning are essential in PAS management. Ultrasound remains the first-line tool for identifying at-risk patients due to its accessibility,

safety, and cost-effectiveness, while MRI provides a more detailed evaluation of placental invasion and surrounding structures. Studies highlight MRI’s strong predictive value, with a myometrial invasion depth of 2.5 cm showing 96% sensitivity for major complications [18]. In addition to conventional grayscale imaging, color Doppler ultrasound enhances diagnostic accuracy by demonstrating abnormal vascular patterns such as bridging vessels, subplacental hypervascularity, and turbulent lacunar flow [19].
As with other obstetric complications, management of PAS can be significantly improved through high-quality prenatal assessment using ultrasound and MRI to identify high-risk pregnancies early. Expert groups in China have proposed scoring systems that integrate maternal risk factors (e.g., prior cesarean delivery, placenta previa) with ultrasound findings to stratify PAS severity more accurately. In 2019, the International Society for Placenta Accreta Spectrum (IS-PAS) issued evidence-based guidelines, and its 2020 Online International Workshop with Peking University First Hospital emphasized the need for uniformity in PAS classification and reporting. The workshop also highlighted the risks of both underdiagnosis and overdiagnosis, even when using standard two-dimensional and color Doppler ultrasound criteria. When combined with prenatal imaging, histopathological examination remains the diagnostic gold standard for PAS and helps minimize surgical confirmation bias [20].
Fiocchi et al. demonstrated that MRI is highly accurate in diagnosing PAS and is particularly valuable in cases with posterior placentation or inconclusive ultrasound findings. MRI allows precise delineation of placental boundaries, depth of myometrial invasion, and involvement of adjacent organs such as the bladder, thereby facilitating improved surgical planning. Reported sensitivity and specificity of MRI range from 80–94% and 65–100%, respectively, depending on operator expertise and imaging protocols [21].

Despite advances in imaging, challenges remain due to variability in interpretation and lack of standardized diagnostic criteria across centers. Emerging technologies, including three- dimensional power Doppler imaging and artificial intelligence-based diagnostic models, have shown promise in improving diagnostic consistency and early detection of PAS [22]. These tools may help reduce interobserver variability and enhance decision-making in complex cases.
The complexity of PAS management reinforces the need for coordinated multidisciplinary care. Clinical guidelines consistently recommend collaboration among obstetricians, anesthesiologists, urologists, interventional radiologists, and neonatologists to optimize maternal and fetal outcomes. Early referral to specialized centers equipped with experienced surgical teams and adequate blood bank support has been shown to significantly reduce morbidity and mortality [23].
Conservative management, involving manual removal or surgical excision of adherent placenta, has been proposed by some studies as an alternative to radical surgery [24]. Expectant management, in which the placenta is left in situ and managed with adjunct therapies such as methotrexate, is described as an investigational approach and requires careful patient selection and prolonged follow-up due to the risk of delayed complications [25].
Maternal and Fetal Complications of Placenta Accreta Spectrum

PAS is associated with significant maternal and fetal morbidity due to abnormal placental adherence and impaired placental separation at delivery. The most serious maternal complication is massive obstetric hemorrhage, which may occur during attempts to detach the placenta or during surgical management. Blood loss in PAS cases often exceeds 2,000 mL and may require massive transfusion protocols. Severe hemorrhage can lead to hypovolemic shock, disseminated intravascular coagulation (DIC), and multi-organ failure if not managed promptly [7].

In addition to hemorrhage, PAS is frequently associated with surgical complications, particularly in cases of placenta increta or percreta where placental tissue invades deeply into surrounding structures. Injury to adjacent organs such as the urinary bladder, ureters, and bowel may occur during surgical dissection or cesarean hysterectomy. Urologic injuries are especially common in placenta percreta due to placental invasion into the vesicouterine space. Patients may also require prolonged operative time, large-volume blood transfusion, and postoperative admission to the intensive care unit (ICU) [1].
Other maternal complications include infection, thromboembolic events, postoperative ileus, and delayed hemorrhage, particularly in women managed with conservative treatment where the placenta is left in situ. These complications may necessitate additional interventions such as uterine artery embolization, secondary hysterectomy, or prolonged hospitalization. Furthermore, the psychological impact of PAS should not be underestimated, as emergency hysterectomy and severe obstetric morbidity may contribute to long-term mental health effects, including anxiety, depression, and post-traumatic stress disorder [26].
PAS also has important fetal and neonatal implications, primarily related to the need for planned preterm delivery. To reduce the risk of catastrophic hemorrhage associated with labor, delivery is often scheduled between 34 and 36 weeks of gestation. Consequently, neonates born to mothers with PAS are at increased risk of prematurity-related complications, including respiratory distress syndrome, low birth weight, and admission to neonatal intensive care units (NICU). In severe cases, placental dysfunction and maternal instability may also contribute to adverse perinatal outcomes [3].
Given these significant maternal and fetal risks, early antenatal diagnosis and management in specialized centers with multidisciplinary teams are critical for improving outcomes and reducing complications associated with PAS.

Perioperative Management

Perioperative management is a cornerstone in optimizing outcomes for patients with PAS and requires meticulous planning within a coordinated multidisciplinary framework. Given the high risk of massive obstetric hemorrhage, early preparation and activation of massive transfusion protocols (MTP) are essential. These protocols emphasize balanced resuscitation using packed red blood cells, fresh frozen plasma, and platelets in fixed ratios to prevent dilutional coagulopathy and improve hemostasis [22]. Preoperative blood typing, cross- matching, and ensuring immediate availability of blood products are critical, particularly in patients with suspected placenta increta or percreta.
Adjunctive pharmacologic strategies also play an important role. Tranexamic acid, an antifibrinolytic agent, has demonstrated significant reduction in mortality due to postpartum hemorrhage when administered early and is increasingly incorporated into PAS management protocols [27]. In addition, fibrinogen replacement using cryoprecipitate or fibrinogen concentrates may be required in cases of severe bleeding, as hypofibrinogenemia is an early predictor of adverse outcomes in obstetric hemorrhage [28].
Anesthesia management should be individualized based on disease severity and anticipated surgical complexity. While regional anesthesia may be considered in carefully selected stable cases, general anesthesia is often preferred in moderate-to-severe PAS due to the risk of rapid hemodynamic instability, prolonged operative duration, and need for airway control. Advanced monitoring, including arterial line placement and central venous access, is frequently required to guide fluid resuscitation, transfusion, and vasopressor support [29]. Point-of-care coagulation testing, such as thromboelastography (TEG) or rotational thromboelastometry (ROTEM), may further aid in targeted transfusion therapy and improve outcomes [30].

Preoperative planning should also include readiness for interventional radiology techniques, such as balloon occlusion of pelvic vessels, when available, as these may help reduce intraoperative blood loss in selected cases [31]. Furthermore, clear communication among team members, including obstetricians, anesthesiologists, urologists, interventional radiologists, and neonatologists, is essential for anticipating complications and ensuring coordinated intraoperative management [23].
Postoperatively, patients often require admission to an intensive care unit (ICU) for close monitoring of hemodynamic status, ongoing bleeding, and end-organ function. Early identification and management of complications such as coagulopathy, hypovolemic shock, and organ dysfunction are critical. Implementation of standardized perioperative care pathways and multidisciplinary protocols has been associated with reduced maternal morbidity, decreased transfusion requirements, and improved overall outcomes in PAS [32].
Management and surgical approach

Management of PAS is highly complex and requires a coordinated multidisciplinary approach to reduce maternal and fetal risks [33]. Decisions regarding timing and mode of delivery, as well as the choice of surgical technique, depend on the extent of placental invasion and the likelihood of complications such as hemorrhage or preterm birth. Planned cesarean delivery at 34–36 weeks is generally recommended to avoid spontaneous labor and reduce the risk of uncontrolled bleeding. In this case, the patient was counseled regarding potential complications, including massive hemorrhage and the possibility of hysterectomy, before proceeding with an elective cesarean section.
Intraoperatively, a transverse uterine incision was made through the placenta to facilitate delivery. Bilateral uterine artery ligation was performed before placental removal to mitigate hemorrhage, a common risk in PAS. The placenta was manually removed, and the focal area

of adherence was sent for histopathological evaluation. This strategy aligns with current best practices, as uterine artery ligation can effectively control bleeding and may allow uterine preservation in selected cases [4].
Cesarean hysterectomy remains the standard method of delivery for women with PAS. However, conservative options, such as leaving the placenta in situ to allow natural resorption, are used to preserve fertility. This approach has been promoted mainly in France to reduce maternal morbidity in cases of placenta percreta. A 2018 French study reported higher perioperative and postoperative complication rates than earlier accounts and noted that 86% of delayed hysterectomies occurred in cases of percreta, even though this condition is considered the best indication for the conservative method. In 2004, a new conservative technique called “one-step conservative surgery” was introduced, which we adopted with modifications. This method preserves the uterus while avoiding the complications associated with leaving the placenta in situ.
Management of PAS disorders remains challenging and requires an individualized approach based on the severity of placental invasion, maternal condition, desire for future fertility, and available multidisciplinary expertise. Over the years, two principal management strategies have been widely described in the literature: the radical surgical approach and the conservative approach [1].
American radical approach:

The radical management strategy, commonly practiced in the United States, involves planned cesarean hysterectomy with the placenta left in situ, performed immediately after delivery of the fetus. Attempting to remove the placenta before hysterectomy is generally avoided because it may trigger massive hemorrhage due to the abnormal placental attachment to the myometrium. Planned cesarean hysterectomy performed in a controlled setting with a

multidisciplinary team has been shown to reduce maternal morbidity compared with attempts at placental removal. However, this approach results in loss of fertility, which can be a significant concern for younger women who desire future pregnancies. In addition, the procedure is associated with potential complications such as massive hemorrhage, bladder injury, ureteric injury, and the need for large-volume blood transfusion [34].
Conservative method:

The conservative management strategy, more commonly described in France and some European centers, aims to preserve the uterus and future fertility. In this technique, the placenta is intentionally left in situ after cesarean delivery, allowing it to gradually resorb over time. Adjunctive measures such as uterotonics, uterine artery embolization, methotrexate therapy, and careful imaging follow-up may be used to facilitate placental involution and reduce complications. Although this approach may preserve reproductive potential, it is associated with several risks, including delayed hemorrhage, infection, sepsis, DIC, and the need for prolonged monitoring. Studies have reported that secondary hysterectomy may still be required in approximately 20–25% of cases due to complications such as severe bleeding or infection. Furthermore, women managed conservatively have a higher risk of recurrent PAS disorders in subsequent pregnancies, necessitating careful counseling and follow-up [26].
Both approaches require careful patient selection and multidisciplinary management, including obstetricians, anesthesiologists, interventional radiologists, and neonatologists, to minimize maternal morbidity and mortality associated with PAS disorders [34].
One-step conservative surgery:

First described by Palacios-Jaraquemada in 2004, this method offers significant blood-sparing advantages while addressing reproductive concerns. Its uptake has remained limited due to perceived complexity and a steep learning curve. However, simplified and stepwise adaptations

have enhanced its feasibility, and techniques such as the Triple P and modified one-step conservative surgery (MOSCUS) represent ongoing refinements to improve safety and efficacy [35].
Importance of a Novel Conservative Method

According to FIGO guidelines, the main strategy to prevent severe hemorrhage in PAS is to leave the placenta in situ and perform a primary peripartum hysterectomy. However, hysterectomy is often unacceptable for women wishing to preserve fertility and is associated with significant long-term effects on the pelvic floor, bowel, and physical functioning. In some cultural settings, loss of the uterus may also diminish a woman’s perceived social status, affecting her self-esteem.
The impact of hysterectomy extends beyond fertility. Evidence shows a marked decline in pelvic floor function, with urinary incontinence risk increased by about 40% compared with women who have not undergone the procedure. Sexual dysfunction and psychological consequences, including PTSD, are also reported, particularly following emergency postpartum hysterectomy. Given these wide-ranging physical, emotional, and cultural implications, uterus-preserving approaches offer important advantages and may better support long-term quality of life for affected women [36].
Traditional conservative methods, meanwhile, often require additional interventions due to retained placental tissue, infection, or delayed complications. The MOSCUS technique proposes a structured, stepwise approach designed to simplify the procedure, minimize complications, and preserve reproductive potential. Evidence from the PACCRETA study supports the value of conservative management, demonstrating reduced blood loss and decreased transfusion needs, although it also noted increased risks of embolization and postpartum complications [26]. Table 2 combines the management of PAS.

Table 2. Management of PAS

	Approach
	Technique
	Indications
	Advantages
	Limitations

	Planned Cesarean
	Delivery at 34–
36 weeks
	All PAS cases
	Reduces risk of labor-related
hemorrhage
	Risk	of
prematurity

	Intraoperative Measures
	Uterine
incision,	artery ligation,
placental

removal
	Selected cases
	Controls
bleeding;	may preserve uterus
	Not	always feasible

	Cesarean Hysterectomy
	Placenta left in situ	with
hysterectomy
	Severe PAS, completed
family
	Standard, definitive
treatment
	Loss of fertility; surgical risks

	Conservative	(In situ)
	Placenta left for resorption
	Fertility
preservation
	Avoids hysterectomy
	Hemorrhage,
infection;	may need
hysterectomy

	Radical Approach (US)
	Planned hysterectomy after delivery
	Severe PAS
	Reduces
morbidity	vs removal
attempts
	Major	surgery; fertility loss

	Conservative Approach
(Europe)
	Placenta left + adjunct
therapies
	Selected stable cases
	Preserves uterus
	Delayed
complications; recurrence risk



	One-step Conservative
Surgery
	Resection	+ uterine repair
	Selected cases
	Reduces
complications vs in situ
	Technically complex

	Triple	P	/ MOSCUS
	Stepwise
conservative method
	Specialized centers
	Less blood loss; fertility
preserved
	Requires expertise

	Multidisciplinary Care
	Team-based management
	All
moderate– severe PAS
	Improves outcomes
	Resource intensive


Postoperative Care and Follow-up

Postoperative care in patients with PAS is critical due to the high risk of ongoing hemorrhage, coagulopathy, and multisystem complications. Many patients, particularly those undergoing cesarean hysterectomy or experiencing significant intraoperative blood loss, require admission to an ICU for close monitoring of hemodynamic status, urine output, and organ function. Continuous assessment allows early detection of complications such as hypovolemic shock, DIC, and respiratory compromise [37].
Delayed hemorrhage remains a major concern, especially in patients managed conservatively with the placenta left in situ. Secondary bleeding may occur days to weeks after delivery and may necessitate interventions such as uterine artery embolization or delayed hysterectomy [38]. Infection and sepsis are additional risks in retained placental tissue, with clinical features ranging from low-grade fever to severe systemic infection requiring broad-spectrum antibiotics and intensive support [39].
Follow-up imaging plays an important role in conservatively managed cases. Serial ultrasound and, when indicated, MRI are used to monitor placental involution and detect complications

such as retained vascular tissue or abscess formation. The duration of follow-up may extend over several weeks to months, depending on the rate of placental resorption [40].
The timing of secondary hysterectomy is individualized and depends on clinical stability, persistence of symptoms, and complications such as hemorrhage or infection. Studies suggest that approximately 20–30% of patients managed conservatively may ultimately require delayed surgical intervention [41].
In addition to physical recovery, attention to psychological well-being is essential. Women who undergo complicated PAS management, particularly emergency hysterectomy, are at increased risk of anxiety, depression, and post-traumatic stress disorder (PTSD), underscoring the importance of counseling and long-term follow-up [42]. Structured postoperative care pathways and multidisciplinary follow-up have been shown to improve both clinical outcomes and patient quality of life [43].
Surgical Challenges in Placenta Percreta

Placenta percreta represents the most severe form of PAS and poses significant intraoperative challenges due to extensive placental invasion beyond the myometrium. In these cases, chorionic villi penetrate through the entire uterine wall and may involve adjacent pelvic organs, most commonly the urinary bladder. Bladder invasion occurs in a considerable proportion of placenta percreta cases because of the close anatomical relationship between the anterior uterine wall and the bladder. This invasion can result in dense adhesions between the placenta, uterus, and bladder, making surgical dissection technically demanding and increasing the risk of cystotomy and urinary tract injury during cesarean hysterectomy [1].
Another major challenge is pelvic hypervascularity, which results from abnormal placental vascularization and extensive collateral circulation in the pelvis. These enlarged and tortuous vessels can be present in the lower uterine segment, vesicouterine space, and surrounding

pelvic tissues. During surgical intervention, disruption of these vessels may lead to massive hemorrhage, often requiring rapid transfusion of blood products and complex hemostatic strategies. Studies have shown that patients with placenta percreta frequently experience greater intraoperative blood loss and higher transfusion requirements compared with less invasive forms of PAS [3].
The risk of ureteric injury is also increased during surgery for placenta percreta, particularly when the placenta extends laterally into the broad ligament or pelvic sidewall. Distortion of pelvic anatomy due to adhesions, neovascularization, and placental invasion can obscure normal surgical landmarks, making identification of the ureters difficult. Consequently, careful dissection and, in some cases, intraoperative assistance from urologists may be required to reduce the risk of ureteral damage [7].
In addition to organ injury and hemorrhage, surgeons often encounter marked difficulty in tissue dissection due to inflammatory changes, fibrosis, and abnormal vascular connections between the placenta and surrounding structures. These factors prolong operative time and increase the complexity of cesarean hysterectomy. As a result, management of placenta percreta typically requires a multidisciplinary surgical approach, involving obstetricians, anesthesiologists, urologists, and interventional radiologists, to optimize maternal outcomes and reduce perioperative morbidity [1].
The role of clinical evaluation in the selection of surgical strategy

Both conservative and nonconservative (hysterectomy) surgical options for PAS must be individualized, especially because many cases remain undetected until delivery. In practice, clinical and intraoperative assessment often guides the final management approach.
From a public health perspective, diagnosing PAS is difficult due to frequent missed cases and variable treatment strategies, particularly in low- and middle-income settings. Aryananda et al.

described 29 unexpected PAS cases managed in resource-limited hospitals, where approaches ranged from non-cesarean delivery and leaving the placenta in situ to partial removal or post- cesarean hysterectomy. Maternal morbidity was lower when cesarean delivery was deferred or delayed. However, five maternal deaths occurred, largely attributed to the absence of telemedicine support, an intervention the authors believed could have prevented these deaths and significantly improved outcomes [44].
Because repeated cesarean sections can weaken the lower uterine segment and cause dense pelvic adhesions, clinicians must remain cautious about false-positive PAS diagnoses. A prospective study evaluated how cesarean scarring affects perinatal PAS detection, comparing prenatally diagnosed PAS cases with non-PAS controls in a 1:1 ratio. The goal was to identify ultrasound descriptors that reliably correlate with pathological PAS. Intraoperatively, however, findings such as uterine dehiscence, densely tangled vasculature, and multiple serosal vessels running laterally or vertically were not specific to PAS. The study also noted that loss of the clear zone and myometrial thinning, features often used to suspect PAS, were frequently present even in women without PAS, underscoring the challenge of accurately differentiating true pathology from changes attributable to prior cesarean scars [45].
A more specific ultrasound presentation of PAS includes higher-grade placental lacunae, marked hypervascularity of the uterovesical or subplacental region, and the presence of bridging and feeder vessels. Following the release of the FIGO guidelines in 2018, an expert panel proposed standardized criteria for the pathological diagnosis of PAS disorders. These recommendations emphasized the use of consistent terminology and detailed reporting for delivered placentas, hysterectomy specimens (total or partial), and curettage samples used to remove retained products of conception. The guidelines also introduced distinct nomenclature for hysterectomy and placental specimens, providing a clearer and more uniform framework for pathological assessment of PAS [46].

Prevention Strategies for Placenta Accreta Spectrum

Given the rising global incidence of PAS, preventive strategies have become an important focus of obstetric practice. Since the strongest risk factor for PAS is previous cesarean delivery, efforts aimed at reducing unnecessary cesarean sections represent the most effective preventive measure. Studies have consistently demonstrated a direct relationship between the number of prior cesarean deliveries and the risk of PAS, particularly when placenta previa is present. Therefore, reducing the rate of primary cesarean sections through careful patient selection and adherence to evidence-based labor management guidelines may significantly decrease the future burden of PAS [7].
Another important strategy involves the promotion of vaginal birth after cesarean (VBAC) in appropriately selected patients. Successful VBAC reduces the cumulative number of uterine scars and thereby lowers the risk of abnormal placentation in subsequent pregnancies. Several obstetric organizations advocate offering VBAC to eligible women in facilities equipped to manage potential complications, as it is associated with lower maternal morbidity compared with repeat cesarean delivery in many cases [47].
Avoidance of unnecessary uterine procedures, such as repeated dilatation and curettage, surgical termination of pregnancy, and other invasive intrauterine interventions, also plays a role in PAS prevention. These procedures may damage the endometrial–myometrial interface and lead to defective decidualization in future pregnancies, increasing the likelihood of abnormal placental implantation. Evidence suggests that repeated uterine instrumentation contributes to uterine scarring and may predispose patients to abnormal trophoblastic invasion [48].
Early antenatal screening of high-risk pregnancies is another key component of PAS prevention and risk reduction. Women with known risk factors, particularly placenta previa combined with

previous cesarean delivery, should undergo targeted ultrasound evaluation during pregnancy. Early identification of suspected PAS allows referral to tertiary care centers with specialized multidisciplinary teams capable of managing complex obstetric cases. Timely diagnosis improves surgical planning, reduces the risk of catastrophic hemorrhage, and ultimately contributes to improved maternal outcomes [1].
Collectively, these preventive measures, including limiting unnecessary cesarean deliveries, promoting VBAC when appropriate, minimizing avoidable uterine interventions, and ensuring early antenatal screening, may help mitigate the growing global burden of PAS while improving maternal safety and reproductive outcomes.
Limitations and future directions

Intraoperative decision-making depends heavily on the depth of myometrial invasion and severity of hemorrhage, which may necessitate cesarean hysterectomy in selected cases. Because PAS is frequently first recognized during cesarean delivery, real-time telemedicine support can aid surgeons in critical choices, including whether to perform an “open-close” procedure or leave the placenta in situ. In 2023, the Colombian PAS development group issued a consensus for resource-limited settings that outlined care pathways, levels of care, the structure of interdisciplinary teams, training requirements, surgical approaches, and management when prenatal diagnosis is unavailable. This framework underscores the need for structured training, stronger local expertise, inter-hospital collaboration, and reduction of administrative barriers that impede timely communication.
The same group subsequently developed a conservative surgical training model aimed at reducing blood transfusion requirements and the need for vascular interventions. Using intraoperative staging and PAS topography, they identified candidates for one-step conservative surgery based on three criteria: absence of vesicouterine fibrosis, at least 2 cm of

preserved myometrium above the cervix, and more than 50% of intact uterine axial circumference. The second criterion aligns with evidence linking PAS with placenta previa to higher maternal morbidity.
With 3,793 PAS cases reported in the National Inpatient Sample Database, targeted strategies are urgently needed to reduce morbidity in this high-risk population. Continued research, validation of surgical stratification tools, and global alignment of conservative management protocols are essential to expand safe, fertility-preserving options and address the variability in current treatment [2].
In China, PAS Referral Centers employ multiple surgical strategies, including conservative techniques for women wishing to preserve fertility. One such method is block resection followed by uterine reconstruction. Building on the FIGO 2018 recommendations, Wei et al. proposed modifications to Chandraharan’s Triple P technique. Their adapted approach maintains core elements, accurate perioperative placental localization and avoidance of placental separation, but replaces pelvic devascularization via interventional radiology with bundling of the lower uterine segment using a Foley catheter. This substitution offers a practical and effective solution in environments where interventional radiology is not readily available [36].
Population-based observational cohort studies may offer a practical and scalable framework for evaluating PAS management strategies in real-world settings. Additionally, evidence from historic studies and randomized trials has challenged the effectiveness of traditional interventions, such as bilateral internal iliac artery ligation, which provides only limited and transient reductions in pelvic blood flow. These findings further support the shift toward tailored surgical approaches, such as MOSCUS, that aim to balance hemostatic efficacy, procedural safety, and fertility preservation [35].

Translating Evidence into Clinical Practice

The growing body of research on PAS has significantly improved understanding of its diagnosis and management; however, translating these findings into routine clinical practice remains a major challenge. Evidence-based guidelines emphasize the importance of early antenatal identification of high-risk pregnancies, standardized diagnostic criteria, and referral to specialized centers with experience in managing PAS. Implementation of these recommendations has been associated with improved maternal outcomes, particularly when care is provided in tertiary facilities equipped with multidisciplinary teams and adequate surgical and transfusion resources [48].
One of the most important steps in translating evidence into practice is integrating standardized imaging protocols, particularly targeted obstetric ultrasound and MRI for high-risk patients. Early recognition of PAS enables clinicians to plan delivery in a controlled environment, arrange appropriate surgical expertise, and ensure the availability of blood products. Studies have shown that prenatal diagnosis significantly reduces maternal morbidity by allowing planned cesarean delivery with appropriate surgical preparation rather than emergency management during labor [13].
Another key aspect involves the adoption of multidisciplinary management models, which have become the cornerstone of modern PAS care. Collaborative involvement of obstetricians, anesthesiologists, urologists, neonatologists, interventional radiologists, and blood bank services improves intraoperative coordination and facilitates timely management of complications such as hemorrhage and organ injury. Institutions that have implemented structured PAS care pathways and specialized surgical teams have reported improved outcomes and reduced complication rates [7].

Despite these advances, translating evidence into practice can be particularly difficult in low- and middle-income countries, where access to advanced imaging, specialized surgical expertise, and blood transfusion services may be limited. In such settings, strategies such as regional referral networks, targeted training programs, and telemedicine support have been proposed to bridge gaps in expertise and improve clinical decision-making. Strengthening health systems and promoting adherence to international guidelines are therefore essential steps toward reducing the global burden of PAS and improving maternal and neonatal outcomes [45].
Critical Appraisal of Current Evidence
Despite advances in the understanding and management of placenta accreta spectrum (PAS), several limitations and gaps persist in the current evidence base. A key concern is the heterogeneity in study designs, diagnostic criteria, and outcome reporting, which limits comparability across studies and weakens the overall strength of evidence. Although standardized classification systems such as those proposed by FIGO have improved consistency, their implementation remains variable across clinical and research settings [1,8, 46].
Most studies evaluating diagnostic modalities, particularly ultrasound and magnetic resonance imaging (MRI), are conducted in specialized tertiary care centers, introducing potential selection and performance bias. As a result, the high diagnostic accuracy reported in these settings may not be generalizable to low-resource or non-specialized environments. In addition, subjective interpretation of imaging findings contributes to interobserver variability, highlighting the need for validated and standardized scoring systems [8, 15,17,22,47].
In terms of management, cesarean hysterectomy remains the standard approach due to its effectiveness in preventing life-threatening hemorrhage [33,34]. However, evidence supporting conservative and fertility-preserving strategies is largely derived from observational studies and case series, limiting the strength of recommendations. These approaches, including leaving the placenta in situ, are associated with risks such as delayed hemorrhage, infection, and secondary hysterectomy [2,24,26,33, 38]. The lack of high-quality randomized controlled trials further restricts definitive comparisons between management strategies, largely due to ethical and practical challenges in conducting such studies in PAS [33, 48].
Another important limitation is the variability in clinical guidelines and management protocols across regions and institutions. Differences in diagnostic approaches, timing of delivery, and surgical techniques contribute to inconsistencies in clinical practice and hinder comparison of outcomes, underscoring the need for globally standardized, evidence-based protocols [33, 49].
Additionally, there is limited representation of low- and middle-income countries in PAS research. Most available data originate from high-resource settings with access to advanced imaging and multidisciplinary care, which may limit the applicability of findings in resource-constrained environments where delays in diagnosis and limited infrastructure significantly affect outcomes [50].
Furthermore, long-term maternal outcomes, including reproductive health and psychological impact following different management strategies, remain insufficiently studied [40]. Emerging diagnostic tools, such as biomarkers and artificial intelligence-based imaging models, show promise but are still under validation and not yet widely applicable in routine clinical practice [22, 8].
Overall, while existing literature provides important insights into PAS, there remains a need for well-designed multicenter studies, standardized diagnostic protocols, and robust comparative analyses. Greater inclusion of diverse healthcare settings and long-term outcome data will be essential to strengthen the evidence base and improve global maternal and fetal outcomes in PAS [8, 33].
This review has certain limitations. As a narrative review, it is subject to potential selection bias and does not follow a systematic review protocol. The studies included are heterogeneous in design, population, and outcome measures, which may limit comparability. Additionally, most available evidence comes from observational studies and high-resource settings, potentially limiting generalizability to low-resource settings. Finally, limited data on long-term maternal outcomes and conservative management strategies restrict the ability to draw definitive conclusions.
Conclusion

PAS is an increasingly prevalent obstetric condition driven by rising cesarean delivery rates and remains a major cause of severe maternal morbidity and mortality. Early and accurate antenatal diagnosis using ultrasound and magnetic resonance imaging is essential for optimizing outcomes through timely referral and multidisciplinary planning. While cesarean hysterectomy remains the standard and most definitive management approach, conservative and fertility-preserving strategies are emerging in selected cases, although their safety and long-term outcomes remain uncertain. Despite advances in diagnosis and management, variability in clinical practice, limited high-quality evidence, and disparities in resource availability continue to pose challenges. Emerging technologies, including advanced imaging, artificial intelligence, and telemedicine, offer potential to improve diagnostic accuracy and decision-making, particularly in low-resource settings. Future efforts should focus on developing standardized protocols, strengthening multidisciplinary care, and generating robust multicenter evidence to refine management strategies and improve maternal and neonatal outcomes in PAS.
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