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Abstract

Placenta accreta spectrum (PAS) in parturients with significant cardiovascular disease presents major
anesthetic and hemodynamic challenges, particularly when complicated by obesity and a high risk of
hemorrhage. We report the successful perioperative management of a 42-year-old parturient at 35 weeks of
gestation with repaired patent foramen ovale, hypertensive cardiomyopathy with reduced left ventricular
ejection fraction (40%), regional left ventricular wall motion abnormalities, moderate mitral regurgitation,
obesity, and lumbar degenerative disc disease who underwent cesarean delivery under advanced
hemodynamic monitoring.

Regional anesthesia was selected over general anesthesia to minimize myocardial depression, sympathetic
stimulation, and postoperative respiratory complications. A low-dose combined spinal-epidural technique
was administered with gradual epidural extension to a T4 sensory level. Continuous invasive hemodynamic
monitoring using the Hypotension Prediction Index (HPI; HemoSphere, 7.6 advanced monitoring platform
from BD; software version 3.1) provided continuous assessment of cardiac output, stroke volume, systemic
vascular resistance, dynamic arterial elastance, and left ventricular contractility (dP/dt). Norepinephrine was
initiated immediately following intrathecal anesthesia and titrated to maintain arterial pressure and
systemic vascular resistance close to baseline values, thereby minimizing the risk of neuraxial anesthesia-
induced hypotension and potential myocardial hypoperfusion.

The surgical procedure was complicated by dense pelvic adhesions, difficult bladder mobilization, and a
prolonged skin-to-delivery interval of 12 minutes. Despite these challenges, hemodynamic stability was
maintained throughout the procedure. Cardiac output increased from 5.5 L/min at baseline to 6.9 L/min
following completion of epidural dosing, while stroke volume remained close to baseline. Although this
change occurred temporally after completion of epidural dosing, a direct causal relationship could not be
established from the available data. Following delivery, cardiac output decreased to 5.8 L/min without
significant hemodynamic instability. Estimated blood loss was 1000 mL, and one unit of packed red blood
cells was administered. Rotational thromboelastometry (ROTEM) analysis demonstrated preserved clot
firmness and adequate fibrinogen contribution, with no evidence of clinically significant coagulopathy
based on the available assessment. The neonate was delivered with an Apgar score of 8.

This case highlights the potential value of combining carefully titrated neuraxial anesthesia with advanced
hemodynamic monitoring in high-risk obstetric patients with cardiomyopathy and PAS. HPI-guided
monitoring facilitated proactive vasopressor therapy and individualized hemodynamic management in a
patient with limited cardiovascular reserve. Together, continuous hemodynamic assessment and point-of-
care ROTEM provided complementary information for cardiovascular and coagulation management. Further
studies are needed to determine the role of HPI-guided management in parturients at high risk for
hemorrhage and cardiovascular instability.
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Introduction

The integration of Hypotension Prediction Index (HPI)-guided hemodynamic monitoring and rotational
thromboelastometry (ROTEM)-guided hemostatic management may represent a rational approach in high-
risk obstetric patients, such as placenta accreta spectrum (PAS) complicated by maternal cardiac disease and
elevated body mass index (BMI). This approach may support individualized fluid management and targeted
transfusion, potentially mitigating the adverse effects of hypotension and myocardial strain in parturients
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with limited physiological reserve [1]. However, the effect of HPI-guided hemodynamic management on
blood loss and transfusion requirements in patients with PAS remains uncertain [2].

PAS is associated with a substantial risk of obstetric hemorrhage [3,4]. In patients with impaired cardiac
function, significant blood loss and abrupt changes in preload and afterload may be poorly tolerated, while
excessive fluid administration may increase the risk of volume overload [5]. HPI uses arterial pressure
waveform analysis to provide information on the risk of impending hypotension, whereas ROTEM enables
rapid point-of-care assessment of clot formation and strength to support targeted hemostatic management.

In our case, the coexistence of PAS, cardiomyopathy, impaired left ventricular function, and mitral
regurgitation complicated the management of anticipated major hemorrhage. To the best of our knowledge,
this is the first reported case describing the anesthetic management of a parturient with placenta accreta,
cardiomyopathy, and elevated BMI using advanced hemodynamic monitoring with HPI and ROTEM.

Case Presentation

A 42-year-old woman (weight: 124 kg; height: 174 cm), gravida 3, para 2, presented for an elective cesarean
section at 35 weeks' gestation. Her first child was delivered vaginally in 2008, and the second via cesarean
section in 2013. The current pregnancy was complicated by placenta accreta. PAS was suspected based on
magnetic resonance imaging (MRI) performed at 31 weeks and three days of gestation. The examination
demonstrated a low-lying, marginally previa placenta with areas of abnormal myometrial invasion along its
anterior lower uterine attachment. Focal irregularity of the underlying bladder dome contour was also
described, raising concern for deeper placental invasion and possible placenta percreta.

The patient had a history of patent foramen ovale, surgically repaired during childhood. Transthoracic
echocardiography revealed left ventricular dilation (65 mm) with eccentric hypertrophy and regional wall
motion abnormalities. The left ventricular ejection fraction was estimated at 40%, with moderate systolic
and diastolic dysfunction. It also demonstrated dilation of the ascending aorta (39 mm) and left atrium, as
well as moderate mitral regurgitation. Lung auscultation was unremarkable. She also had a history of
chronic hypertension. Despite the documented left ventricular systolic and diastolic dysfunction, the patient
was clinically asymptomatic from a cardiovascular perspective during the preoperative assessment, with no
reported symptoms suggestive of heart failure.

A previous lumbar spine MRI report from 2021 described degenerative changes with disc protrusions at the
L3-L4, L4-L5, and L5-S1 levels, as well as findings suggestive of a lipoma of the filum terminale. This MRI
was performed when the patient presented with neurological symptoms attributed to these findings. The
patient had no neurological symptoms or clinical neurological deficits at the time of the preoperative
assessment. These findings were taken into consideration during the pre-anesthesia evaluation before
neuraxial anesthesia.

Her medication regimen included methyldopa, labetalol (100 mg), and enoxaparin (6000 IU). The last dose of
enoxaparin was administered 24 hours before neuraxial anesthesia. On the day of surgery, laboratory tests
revealed a high-sensitivity cardiac troponin T level of 7.7 ng/L (reference range: <14 ng/L) and an NT-
proBNP level of 14.3 pg/mL (reference range: <125 pg/mL).

In the operating room, standard monitoring, including six-lead electrocardiography and pulse oximetry, was
applied. Radial artery catheterization was performed for invasive arterial blood pressure monitoring using a
20-gauge arterial cannula. Additionally, two 17-gauge and one 18-gauge peripheral intravenous lines were
inserted.

Combined spinal-epidural anesthesia (CSE) was performed with initial intrathecal administration of 1.2 mL
of ropivacaine 0.75%, plus 15 mcg fentanyl. An epidural catheter was successfully placed without
complications at the L3-L4 lumbar interspace. The decision to proceed with neuraxial anesthesia was based
on the clinical assessment, taking into consideration the previously documented MRI findings and the
absence of neurological manifestations at the time of surgery. After positioning the patient supine with left
uterine displacement, the following hemodynamic variables were continuously recorded directly from the
HemoSphere Platform at 20-second intervals: cardiac output (CO), stroke volume (SV), dynamic arterial
elastance (Eadyn), systemic vascular resistance (SVR), HPI, and left ventricular contractility (dP/dt). Invasive
arterial blood pressure was also continuously monitored using an arterial pulse contour monitoring system
(HemoSphere 7.6 advanced monitoring platform from BD; software version 3.1).

Five minutes after intrathecal administration, sensory block assessment revealed a sensory level of T10.
Subsequently, a mixture containing 8 mL of lidocaine 2% and 2 mL of 4% sodium bicarbonate was
administered via the epidural catheter, resulting in extension of the sensory block to T6 after five minutes.
An additional 3 mL of 0.75% ropivacaine was administered to achieve a T4 sensory level.

Baseline pre-anesthesia hemodynamic parameters were as follows: SBP/DBP: 155/90 mm Hg; HR: 87 bpm;
CO0: 5.5 L/min; SV: 63 mL; SVR: 1542 dyne-sec-cm™®; HPI: 2/100; dp/dt: 1112 mmHg/sec; Eadyn: 1.1.
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Premedication included intravenous cimetidine 200 mg and metoclopramide 10 mg. She was also given 1 g
tranexamic acid. Immediately following intrathecal administration of ropivacaine and fentanyl, a
continuous intravenous infusion of norepinephrine (8 mcg/mL) was initiated at 0.05 mcg/kg/min and
titrated to maintain systolic and diastolic blood pressure within 20% of baseline values. Changes in HPI
provided an early warning of impending hypotension, allowing timely recognition of evolving hemodynamic
changes before significant reductions in blood pressure occurred. Norepinephrine infusion was titrated in
response to changes in HPI, interpreted in conjunction with the other continuously monitored
hemodynamic parameters, including systemic vascular resistance, blood pressure, heart rate, and left
ventricular contractility. Treatment adjustments were therefore based on the hemodynamic profile rather
than on HPI values alone. The norepinephrine infusion was continued until the end of surgery.

Despite the preoperative MRI findings raising suspicion of placenta percreta, cesarean delivery was
ultimately performed without hysterectomy. Intraoperatively, placental tissue was identified along the
anterior uterine wall. A live female neonate was delivered in breech presentation. The placenta was
subsequently separated and delivered using the Crede maneuver, followed by thorough uterine cavity
inspection and cleaning.

Following delivery of the neonate and umbilical cord clamping, the patient received one unit of packed red
blood cells (RBCs) and calcium chloride, paracetamol 1 g, ondansetron 4 mg, oxytocin 3 IU as a bolus, and a
continuous infusion of oxytocin 17 IU administered slowly to minimize hemodynamic instability. ROTEM
analysis was performed before and after transfusion, demonstrating normal coagulation parameters. The
neonate had an Apgar score of 8 at one minute [6]. Total crystalloid administration was 2400 mL, estimated
blood loss was 1000 mL, and urine output was 300 mL following administration of 5 mg intravenous
furosemide.

Cardiac output increased to 6.6 L/min following intrathecal anesthesia and further increased to 6.9 L/min
after completion of epidural dosing and achievement of a T4 sensory block. After delivery, CO decreased to
5.8 L/min. Stroke volume was maintained near baseline (71 mL) after intrathecal administration and
increased to 75 mL after epidural supplementation, and subsequently decreased slightly to 68 mL after
delivery. Heart rate and mean arterial pressure remained stable throughout the procedure (Figure /).
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FIGURE 1: Intraoperative hemodynamic monitoring using the Acumen
platform

CO: cardiac output; SVR: systemic vascular resistance; dP/dt: left ventricular contractility; SV: stroke volume;
HPI: Hypotension Prediction Index

The main intraoperative events occurred at the following times: baseline recording, 08:46; intrathecal
administration, 09:00; epidural top-up doses, 09:05 and 09:10; skin incision, 09:38; and fetal delivery, 09:50

(A) Continuous trends in CO, SVR, and dP/dt during the intraoperative period. (B) SV, dynamic arterial elastance
(Eadyn), and HPI trends demonstrating overall hemodynamic stability throughout the procedure

ROTEM analyses were performed before transfusion and at the end of the surgical procedure to evaluate
coagulation status. EXTEM analysis demonstrated preserved clot initiation and clot firmness, while FIBTEM
findings suggested adequate fibrinogen contribution to clot strength. Overall, the findings did not

indicate clinically significant coagulopathy (Figures 2-3).
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FIGURE 2: ROTEM analysis performed before transfusion

CT: clotting time; CFT: clot formation time; MCF: maximum clot firmness; ROTEM: rotational thromboelastometry

EXTEM demonstrated a CT of 48 s, CFT of 54 s, A5 of 59 mm, and A10 of 69 mm. FIBTEM demonstrated a CT of
50 s, CFT of 203 s, A5 of 21 mm, and MCF of 23 mm. The results indicated preserved clot formation and fibrin-
based clot firmness, without evidence of clinically significant hypocoagulability
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FIGURE 3: ROTEM analysis performed at the end of the surgical

procedure.

CT: clotting time; CFT: clot formation time; ROTEM: rotational thromboelastometry

EXTEM demonstrated a CT of 54 s, CFT of 46 s, and A5 of 56 mm. FIBTEM demonstrated a CT of 47 s, CFT of
203 s, A5 of 21 mm, and A10 of 23 mm. These findings, obtained following transfusion of one unit of packed red
blood cells, indicated preserved clot firmness and fibrin-based clot strength, without evidence of clinically

significant hypocoagulopathy

The postoperative course was uneventful for both the mother and neonate, with no complications
reported. The mother remained clinically stable and was transferred to the high-dependency unit for 24
hours before being discharged to the general ward on postoperative day one. The neonate also had an

uneventful postnatal course.

Discussion
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This case describes the use of advanced hemodynamic monitoring in a parturient with a history of surgically
repaired patent foramen ovale, cardiomyopathy with reduced ejection fraction, regional left ventricular wall
motion abnormalities, elevated BMI, and coexisting lumbar spine degenerative disease undergoing cesarean
section for placenta accreta.

Regional anesthesia is frequently used in patients undergoing cesarean hysterectomy for PAS, although
anesthetic management varies according to patient characteristics and surgical considerations [7]. In the
present case, regional anesthesia was selected to allow gradual titration of the neuraxial block while
avoiding airway instrumentation and the potential myocardial depressant effects of general anesthetic
agents. Despite being clinically asymptomatic preoperatively, the patient's reduced left ventricular ejection
fraction and associated systolic and diastolic dysfunction indicated limited cardiovascular reserve, making
careful control of preload, afterload, and heart rate particularly important. Regional anesthesia may also
offer neonatal benefits by avoiding transplacental exposure to general anesthetic agents before delivery,
which may be particularly relevant when delivery is delayed. Low-dose combined spinal-epidural anesthesia
was administered, with the norepinephrine infusion titrated according to hemodynamic monitoring using
the HPI on the HemoSphere Platform. Concurrent initiation of a norepinephrine infusion allowed
maintenance of baseline systemic vascular resistance and mean arterial pressure while keeping the HPI
values low. To avoid organ and coronary hypoperfusion, arterial blood pressure was maintained within 20%
of baseline values. Gradual extension of the sensory block to the T4 dermatome was achieved via slow
incremental epidural administration of local anesthetics, without inducing hemodynamic instability. The
sensory block was successfully established and gradually extended, despite the history of lumbar
degenerative disc disease and previous radiculopathy, with no neurological symptoms or deficits at the time
of surgery.

General anesthesia was avoided because of concerns regarding its potential myocardial depressant effects.
Sympathetic stimulation during laryngoscopy and tracheal intubation could have resulted in significant
hemodynamic instability in this patient. Although increased heart rate may shorten the duration of mitral
regurgitation, concomitant left ventricular dilation and systolic dysfunction made the overall hemodynamic
response less predictable. Additionally, general anesthesia in a parturient with elevated BMI may increase
the risk of postoperative respiratory complications and difficult airway management [8]. Placenta accreta
and prior cesarean section increased surgical complexity, and the urinary bladder was not easily mobilized.
Extensive adhesions led to a prolonged skin-to-delivery interval of 12 minutes. Nevertheless, the neonate
had an Apgar score of 8 at one minute.

Neuraxial anesthesia in a 35-week parturient with obesity, cardiomyopathy, and placenta accreta requires
meticulous hemodynamic monitoring. Previous studies have demonstrated the value of continuous blood
pressure monitoring during cesarean delivery under neuraxial anesthesia [9]. Other noninvasive
hemodynamic indices, such as the perfusion index, have also been investigated for the prediction of
hypotension following spinal anesthesia in parturients undergoing cesarean delivery [10]. Some pregnant
patients have poorly developed collateral circulation and abnormally reduced baroreceptor reflexes,
predisposing them to severe hypotension in the supine position. It is extremely challenging to identify in
advance which patients are at risk. Additionally, pregnancy-related cardiovascular adaptations, including
increased cardiac output and reduced systemic vascular resistance, increase sensitivity to iatrogenic
sympathectomy [11]. The HPI, derived from arterial pressure waveform analysis, has demonstrated high
accuracy in predicting impending hypotension in awake patients undergoing cesarean delivery under spinal
anesthesia [1]. Recent studies have also evaluated HPI-guided management during obstetric neuraxial
anesthesia and demonstrated the feasibility of proactive hypotension prevention [12]. In this case, changes
in HPI provided an early warning of impending hypotension, allowing proactive adjustments of
norepinephrine infusion before significant reductions in arterial blood pressure occurred. Importantly, HPI
trends were interpreted in conjunction with SVR, blood pressure, heart rate, and dP/dt, rather than being
used as an isolated therapeutic threshold. This integrated approach facilitated timely hemodynamic
intervention while maintaining stable arterial pressure and preserving cardiac output throughout the
procedure.

After delivery, the expected increase in cardiac output associated with uterine contraction and
autotransfusion was not observed, likely due to careful titration of norepinephrine and restricted fluid
administration before delivery. Despite these expected post-delivery hemodynamic changes, stroke volume
did not show a substantial increase. This finding may reflect the limited cardiovascular reserve in the setting
of reduced left ventricular systolic function. Furthermore, oxytocin was administered as a slow infusion over
10 minutes in order to maintain hemodynamic stability and to avoid cardiac decompensation [5].
Throughout the procedure, left ventricular contractility was closely monitored, and no additional
intervention specifically targeting myocardial contractility was required. Fluid therapy and vasoactive
agents were carefully titrated according to continuous hemodynamic monitoring, while ROTEM was used to
assess coagulation and clot firmness.

In parturients with elevated BMI, the risk of hemorrhage is higher due to uterine atony, more frequent
comorbidities such as hypertension and diabetes, and placental abnormalities. In our case report, exposure
of the uterus for suture placement and manual uterine massage to achieve adequate contraction was limited
due to the patient’s obesity. These factors may have contributed to increased blood loss. In placenta accreta,
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significant bleeding can occur in the pelvis and retroperitoneal space without being clinically visible [3]. In
this case, the urinary bladder was difficult to mobilize, complicating the surgical approach and elevating the
risk of trauma to the Santorini venous plexus and subsequent life-threatening bleeding.

In cases of PAS, maintaining stable blood pressure is critical for adequate organ perfusion (kidneys, brain)
and for avoiding the 'lethal triad' of acidosis, hypothermia, and coagulopathy triggered by massive blood
loss. Continuous hemodynamic monitoring, such as with HPI, provides a reliable method to detect
impending hypotension and identify the underlying cause of hypotension. This is particularly important in
parturients, as compensatory mechanisms can mask blood pressure decreases, despite substantial blood
loss. In this case, continuous hemodynamic monitoring using HPI allowed timely intervention, preventing
these potential complications. Although previous literature has not demonstrated superiority of
hypotension prediction devices over standard blood pressure monitoring, in this particular high-risk case,
involving obesity, cardiomyopathy, and PAS, HPI provided valuable additional information for the early
recognition of evolving hemodynamic instability and supported timely therapeutic intervention. Further
studies are needed to establish the impact of HPI monitoring on outcomes for parturients with PAS.

In placenta accreta, rapid depletion of fibrinogen and clotting factors is common. Abnormal trophoblast
invasion and enhanced trophoblastic activity in placenta accreta increase tissue factor levels and the
consumption of coagulation factors prior to cesarean section. For this reason, the risk of intraoperative
coagulopathy is increased [4]. Prolonged surgical time and significant occult blood loss increase the risk of
hypofibrinogenemia and coagulopathy. Dense adhesions between the bladder and the uterus result in an
extended surgical duration and persistent microvascular oozing, which may lead to fibrinogen consumption.
In our case, point-of-care ROTEM assessment demonstrated preserved clot firmness and adequate
fibrinogen contribution, without evidence of clinically significant coagulopathy.

This report has several limitations. First, as a single case report, it cannot establish a causal relationship
between HPI-guided monitoring and the maintenance of hemodynamic stability or improved clinical
outcomes. HPI was used as an adjunct to conventional hemodynamic assessment rather than as an
independent trigger for therapeutic interventions. Furthermore, arterial waveform-derived hemodynamic
measurements, including cardiac output (CO), stroke volume (SV), systemic vascular resistance (SVR), and
left ventricular contractility (dP/dt), are estimated values rather than direct measurements. Therefore, these
parameters should be interpreted cautiously and in conjunction with the overall clinical and hemodynamic
profile.

Conclusions

PAS is associated with a high risk of massive hemorrhage and abrupt hypotension. The HPI may provide
additional information to help early recognition of impending hypotension and can complement
conventional hemodynamic monitoring. In this case, combined spinal-epidural anesthesia, carefully titrated
norepinephrine infusion, and continuous hemodynamic assessment were associated with stable
intraoperative hemodynamics despite the patient's significant cardiovascular comorbidities. Stroke volume
remained relatively stable throughout the procedure, while ROTEM assessment demonstrated preserved clot
firmness without evidence of clinically significant coagulopathy. This case highlights the importance of
individualized, multimodal anesthetic management in complex obstetric patients and illustrates the
feasibility of incorporating HPI into perioperative hemodynamic monitoring. Further studies are needed to
determine the clinical impact of HPI-guided management in PAS.
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