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1. Introduction

ABSTRACT

Introduction: The convergence of a large, uncorrected atrial septal defect (ASD)
with secondary pulmonary hypertension (PH) in pregnancy creates a high-risk
hemodynamic environment. The physiological stresses of parturition can
precipitate cardiovascular collapse. Anesthetic management for cesarean
delivery must be meticulously planned to preserve the delicate balance between
systemic and pulmonary vascular resistance, with the primary goal of
maintaining systemic vascular resistance to prevent exacerbation of the
intracardiac shunt. Case presentation: We present the case of a 28-year-old
primigravida at 37+2 weeks' gestation with a known large secundum ASD and
moderate PH (echocardiographically estimated sPAP of 50.2 mmHg), who
required an emergency cesarean section. A comprehensive, multidisciplinary
plan was formulated, prioritizing maternal hemodynamic stability. The patient
was successfully managed with a carefully titrated, graded lumbar epidural
anesthetic using 0.5% levobupivacaine. Advanced invasive monitoring,
including arterial and central venous catheters, guided the slow induction of a
T6 sensory block. This strategy resulted in hemodynamic parameters being
maintained within a clinically acceptable range, obviating the need for
vasopressor support. The postoperative course in the cardiovascular ICU was
uneventful. Conclusion: This case provides compelling evidence that a graded
epidural blockade, executed with vigilance and supported by a robust, team-
based safety framework, is a highly effective anesthetic technique for cesarean
delivery in parturients with ASD and moderate PH. The ability to exert temporal
control over the onset of sympathetic blockade is paramount to preventing
abrupt hemodynamic shifts, thereby protecting the vulnerable right ventricle
and ensuring maternal safety.

obstetricians, cardiologists, and anesthesiologists.

The landscape of obstetric medicine is increasingly
populated by parturients with complex adult congenital
heart disease (CHD).! Medical and surgical
advancements have allowed a growing cohort of women
with significant structural cardiac anomalies to reach

childbearing age, presenting unique challenges to

Pregnancy itself is a state of profound cardiovascular
stress, characterized by a 40-50% increase in plasma
volume, a commensurate rise in cardiac output, and a
significant decrease in systemic vascular resistance
(SVR).2 While a healthy heart adapts to these changes,

a structurally abnormal heart may lack the reserve to
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do so, leading to a high risk of maternal and fetal
morbidity and mortality. Among the forms of CHD
encountered in adults, the atrial septal defect (ASD) is
one of the most prevalent.3 A small, isolated ASD may
be hemodynamically insignificant, but a large,
uncorrected defect creates a chronic left-to-right
shunt.# This imposes a state of continuous volume
overload on the right atrium, right ventricle (RV), and
pulmonary circulation.5 Over decades, this relentless
volume burden can trigger a cascade of maladaptive
remodeling, culminating in the development of
(PH). The

combination of a large intracardiac shunt and PH in a

secondary pulmonary hypertension

pregnant patient represents a clinical scenario of the
highest acuity. The World Health Organization (WHO)
classifies pregnancy with any form of severe PH as Class
IV, where the risk of maternal mortality is prohibitive.6

The peripartum period is particularly fraught with
peril. The hemodynamic fluctuations associated with
labor, delivery, and the immediate postpartum period
can overwhelm a compromised RV.7 A critical and often
underappreciated concept in this pathophysiology is
ventricular interdependence.8 In a patient with chronic
RV pressure and volume overload, the RV dilates and
the interventricular septum flattens, bulging into the
left ventricle (LV). This septal shift mechanically impairs
LV diastolic filling, reducing LV preload and its ability
to generate adequate cardiac output. Consequently, the
stability of the entire circulatory system becomes
critically dependent on the function of the already-
strained right ventricle. Any event that abruptly
decreases SVR (worsening the shunt) or increases
pulmonary vascular resistance (PVR) (impeding RV
ejection) can trigger a vicious cycle of RV failure,
reduced LV output, systemic hypotension, and
cardiovascular collapse.® Therefore, the anesthetic
management for cesarean delivery in this population is
a decision of paramount importance. General
anesthesia carries risks of myocardial depression and
PVR elevation, while single-shot spinal anesthesia is
relatively  contraindicated due to its rapid,
uncontrollable, and profound sympathectomy. A
graded epidural anesthetic, with its slow, titratable
onset, emerges as a theoretically ideal technique. While

the principles of managing parturients with PH are

established, detailed reports illustrating the titratable
hemodynamic control of a graded epidural in the
specific context of a large, un-shunted ASD with
moderate PH remain scarce, representing a critical
knowledge gap for clinicians.10

This case report aimed to provide a comprehensive,
methodologically rigorous description of the successful
perioperative management of an emergency cesarean
section in such a patient. The novelty of this work is not
merely in the reporting of a successful outcome, but in
the detailed, transparent deconstruction of the entire
perioperative process. We aim to present a narrative
that integrates complex pathophysiology with practical
anesthetic technique, extensive multidisciplinary safety
protocols, and a critical analysis of monitoring data. In
doing so, we seek to offer a robust and replicable
framework that can inform and guide clinicians faced
with this formidable clinical challenge, contributing
valuable, high-fidelity data to the body of knowledge on

high-risk obstetric anesthesia.

2. Case Presentation

The timeline commences with the foundational event
in the patient's medical history: the initial diagnosis of
a large secundum atrial septal defect (ASD) at age 19.
This early entry establishes the chronic nature of her
condition and notes a critical decision point—her
preference for medical follow-up over percutaneous
closure. This information is vital, as it frames the
subsequent events within the context of an uncorrected
congenital heart lesion. The timeline then progresses to
the antepartum period, highlighting the high-risk
nature of her pregnancy. The description of co-
management by both obstetrics and cardiology
underscores the necessity of a collaborative, expert-led
approach from the outset. Her stable NYHA Class II
functional status and the mention of a transthoracic
echocardiogram (TTE) performed seven days prior to
admission indicate a period of diligent monitoring and
baseline assessment before the acute presentation, as
depicted in Figure 1. The timeline pivots to the acute
phase on Day 0, detailing the critical 60-minute window
between 08:00 and 09:00. This period encapsulates the
acute presentation and decision-making process: the

patient's arrival with premature rupture of membranes
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(PROM), the unfortunate confirmation of intrauterine
fetal demise (IUFD), and the swift convocation of a
multidisciplinary team. This milestone emphasizes the
emergency context and the rapid, coordinated response
required. Following this, Figure 1 clearly delineates the
anesthetic and surgical phase, spanning from 09:45 to
11:45. This entry is particularly informative,
summarizing a complex sequence of events—the team
briefing, the institution of invasive monitoring, the
carefully executed graded epidural induction, and the
ultimate successful completion of the surgery. This
phase represents the successful application of the
meticulously planned anesthetic strategy, which is the
central focus of the case report. The final stages of the
patient's journey, as illustrated in Figure 1, focus on the
critical recovery period. The timeline shows the
transition to critical postoperative care in the
Cardiovascular ICU (CVICU) from Day O to Day 2. This
entry highlights the necessity of continued high-level
monitoring after the surgery and notes a key step in
recovery—the removal of the epidural catheter on the
second day. The narrative concludes with the final
milestone on Day 4 at 11:00: the patient's discharge
and follow-up. This entry signifies the successful
completion of the care episode, with the patient
returning home in stable condition and with a clear
plan for ongoing obstetric and cardiologic surveillance.
Collectively, Figure 1 provides a concise yet
comprehensive overview, effectively communicating the
seamless and successful management of a highly
complex and challenging clinical case from start to
finish.

A 28-year-old primigravida was admitted at 37
weeks and 2 days of gestation. Her cardiac history was
significant for a large secundum ASD diagnosed at age
19, for which she had consistently opted for medical
management over percutaneous closure, remaining free
of cardiac-related hospitalizations. Throughout her
pregnancy, her functional status remained stable at
NYHA Class II. On admission, her physical examination
and baseline ECG were consistent with her known
diagnosis. The cornerstone of her diagnostic
assessment was a recent echocardiogram, which

provided a detailed, non-invasive evaluation of her

cardiac morphology  and the hemodynamic
consequences of her lesion. It is critical to note that the
pulmonary pressure was an estimate, as a right heart
catheterization had been deferred during
pregnancy.The preoperative diagnostic assessment,
presented graphically in Figure 2, offers a
comprehensive and scientifically detailed narrative of
the patient's complex cardiac state. At the core of the
patient’s condition is the Primary Defect & Shunt
Dynamics, as detailed in Figure 2. The echocardiogram
identified a large secundum atrial septal defect, with a
substantial diameter ranging from 3.2 to 4.8
centimeters. The sheer size of this defect is
hemodynamically significant, creating a low-resistance
pathway for blood to flow between the atria. Under
normal physiological conditions, the left atrium has a
slightly higher pressure than the right atrium. This
pressure gradient drives a significant left-to-right
shunt, a phenomenon visually confirmed by the
Doppler echocardiography image in Figure 2. This
image captures the abnormal flow of oxygenated blood
from the left atrium back into the right atrium, where it
mixes with deoxygenated systemic venous return. The
clinical implication of this persistent shunt, as stated in
Figure 2, is the establishment of chronic right
ventricular (RV) volume overload. This is the primary
driver of the patient's entire pathophysiology. The right
heart, which is designed to propel the systemic venous
return through the low-resistance pulmonary circuit, is
now burdened with recirculating a significant extra
volume of blood with every beat. This relentless volume
challenge, sustained over many years, forces the right-
sided heart chambers into a state of chronic
compensation, leading to the profound structural
changes identified elsewhere in the assessment. The
echocardiogram revealed severe right atrial and
ventricular dilatation, a finding visually corroborated by
the second image in Figure 2, which shows the
profound enlargement of these chambers. This
remodeling is the heart's attempt to accommodate the
excessive blood volume. However, this compensation

comes at a high physiological cost and leads to a critical

phenomenon known as ventricular interdependence.
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Clinical Events

HISTORICAL BASELINE: AGE 19
Initial Diagnosis
Diagnosis of large secundum ASD. Patient

declined percutaneous closure, opting for
medical follow-up.

DAY 0: 08:00 - 09:00
Acute Presentation & Decision
Patient presents with PROM; IUFD

confirmed. Multidisciplinary team
convenes for emergency C-section.

DAY 0 - DAY 2
Critical Postoperative Care
Stable transfer to CVICU for continued

monitoring. Epidural catheter removed on
Day 2.

(7]
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ANTEPARTUM PERIOD
High-Risk Pregnancy Management
Co-managed by obstetrics and

cardiclogy. Remained NYHA Class Il. TTE
performed on Day -7.

DAY 0: 09:45 - 11:45
Anesthetic & Surgical Phase
Team briefing, invasive monitoring,

graded epidural induction, and successful
completion of surgery.

DAY 4:11:00
Discharge & Follow-Up
Patient discharged home in stable

condition with scheduled cardiology and
obstetric follow-up.

Figure 1. Timeline of clinical events.

As detailed in Figure 2, the severely dilated and
high-pressure right ventricle causes interventricular
septal flattening, resulting in a characteristic "D-
shaped" left ventricle (LV). The interventricular septum,

which is normally convex toward the right ventricle, is

pushed leftward, encroaching upon the LV cavity. This
septal shift is not merely an incidental finding; it is a
direct mechanical consequence of RV distress that
actively impairs the function of the otherwise healthy

left ventricle. Reducing the space available for the LV to
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fill during diastole limits LV preload and, consequently,
its ability to generate adequate systemic cardiac output.
This finding confirms that the patient's right-sided
pathology is directly compromising the left side of the
heart, making the entire circulatory system critically
dependent on the stability of the struggling right
ventricle. The constant recirculation of high volumes of
blood through the pulmonary arteries is not a benign
process. Over time, it leads to pulmonary vascular
remodeling and an increase in pulmonary vascular
resistance. The pulmonary pressure assessment in
Figure 2 quantifies this downstream consequence,
revealing an estimated systolic pulmonary artery
pressure (sPAP) of 50.2 mmHg. This value is consistent
with a diagnosis of moderate pulmonary hypertension.

This development fundamentally alters the patient's

hemodynamic state. The right ventricle, already
struggling with a chronic volume load, is now forced to
contract against a significantly elevated afterload
(pressure). This creates what Figure 2 aptly describes
as a "double-loaded" ventricle. This dual burden of both
pressure and volume places the right ventricle at an
extremely high risk of failure, as it has minimal
physiological reserve to tolerate any further stress, such
as changes in afterload or preload. The final component
of the diagnostic assessment, valvular & LV function,
provides crucial context. The finding of moderate
tricuspid regurgitation is a direct consequence of the
severe RV dilatation, which has stretched the tricuspid
annulus and prevented the valve leaflets from
coaptating effectively. Importantly, the assessment

confirms a preserved LV ejection fraction of 60%.

Preoperative Diagnostic Assessment

Key Echocardiographic Findings

Image showing severe enlargement of the right atrium and right ventricle.

(@ Primary Defect & Shunt Dynamics

Finding: Large secundum ASD (3.2 - 4.8 cm) with a
significant left-to-right shunt.
Clinical Implication: Establishes the substrate for chronic right

ventricular volume overload, the primary driver of the patient's
pathophysiology.

-» Right Heart Morphology & Interdependence

La

Finding: Severe right atrial and ventricular dilatation with
interventricular septal flattening ("D-shaped" LV).
Clinical Implication: Confirms long-standing volume burden and

demonstrates ventricular interdependence, where RV pathology
mechanically impairs LV filling.

Pulmonary Pressure Assessment
Finding: Estimated sPAP of 50.2 mmHg, consistent with
moderate Pulmonary Hypertension.

Clinical Implication: Introduces a significant pressure load on the RV,
creating a "double-loaded" ventricle with minimal reserve and high
sensitivity to afterload changes.

Valvular & LV Function
Finding: Moderate tricuspid regurgitation with a preserved LV
Ejection Fraction (60%).

Clinical Implication: The TR is a consequence of RV dilatation. The
preserved LVEF indicates that intrinsic LV contractility is normal,
focusing the primary clinical problem on the right heart.

Figure 2. Preoperative diagnostic assessment.
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The decision for an emergency cesarean section
immediately triggered a formal multidisciplinary
briefing. This huddle was central to our systems-based
approach to safety, establishing clear goals, roles, and
contingency plans before the patient entered the
operating room. The team established precise
hemodynamic targets and a detailed rationale for the
use of invasive monitoring. The core of this briefing was
the development of exhaustive contingency plans for

the most feared complications. This proactive

preparation transformed potential crises into
manageable, protocol-driven events. The entire
perioperative  strategy was anchored by the

Multidisciplinary Team Briefing, as shown in the upper
left quadrant of Figure 3. This was not a cursory
conversation but a formal, pre-operative huddle
designed to create a shared mental model and establish
psychological  safety. The listed
Anesthesiology, Obstetrics, Cardiology, and CVICU

attendees—

Nursing—underscore the collaborative nature of the
plan, ensuring that expertise from every critical
specialty was integrated from the outset. Central to this
briefing was the establishment of a clear
Communication Protocol, which included a designated
team leader and the mandate for closed-loop
communication. This protocol is a cornerstone of high-
reliability organizations, designed to prevent errors by
ensuring that every critical message is sent, received,
and explicitly acknowledged, eliminating ambiguity
during high-stress moments. Hemodynamic Goals
quadrant in Figure 3 details these quantifiable
objectives, which were designed to maintain
cardiovascular stability and specifically protect the
patient's vulnerable right ventricle. The goals were
threefold: Mean Arterial Pressure (MAP) was to be
maintained within 20% of the patient's baseline, with
an absolute target of greater than 65 mmHg. This goal
aimed to ensure adequate systemic and coronary
perfusion without imposing excessive afterload on the
left ventricle; Heart Rate was targeted at less than 100
beats per minute. For a patient with a pressure-loaded,

non-compliant right ventricle, avoiding tachycardia is

crucial to allow adequate time for diastolic filling;
Central Venous Pressure (CVP) was targeted between 8-
12 mmHg to ensure the preload-dependent right
ventricle was adequately filled but not over-distended.
These goals transformed the anesthetic from a
subjective art into a data-driven science, providing
clear, objective metrics for success. The Invasive
Monitoring Plan, detailed in the bottom left of Figure 3,
outlines the tools used to acquire this information. An
Arterial Line was deemed essential for continuous,
beat-to-beat blood pressure assessment, providing
immediate feedback on the patient's response to
anesthetic agents and surgical stimuli. A Central
Venous Line served a dual purpose: it allowed for the
trending of right-sided filling pressures to guide fluid
therapy and provided secure, reliable vascular access
for the potential administration of potent vasoactive
drugs. This advanced monitoring was the sensory
apparatus of the clinical team, providing the actionable
data necessary to make informed, instantaneous
decisions. The final and perhaps most critical pillar of
the framework was the Emergency Contingency
Planning, highlighted in red in Figure 3. This quadrant
represents the team's proactive approach to risk
management. Rather than waiting for a crisis to occur,
the team pre-planned protocol-driven responses and
ensured all necessary equipment and medications were
immediately at hand. The plan addressed the most
likely and most dangerous scenarios: For Hypotension,
a pre-mixed infusion of Phenylephrine was ready. This
choice reflects a sophisticated understanding of the
patient's pathophysiology, as phenylephrine increases
systemic vascular resistance with minimal effect on
heart rate; For RV Failure, both inotropes
(Dobutamine/Milrinone) and a potent pulmonary
vasodilator (inhaled Nitric Oxide) were on standby,
providing a multi-pronged approach to supporting
contractility and reducing afterload; For Hemorrhage,
the plan included a critical contraindication of specific
uterotonics—Carboprost and Methylergometrine—
which are known to increase pulmonary vascular

resistance and could have been fatal in this patient.
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Pre-Anesthetic Preparation & Multidisciplinary Planning Framework

4= Multidisciplinary Team Briefing

A formal, pre-operative huddle to establish a unified strategy and
ensure psychological safety.

Attendees
Anesthesiology, Obstetrics, Cardiology, CVICU Nursing.

+
Communication Protocol
Designated team leader and mandatory closed-loop communication.

1r Invasive Monitoring Plan

Advanced monitoring to provide real-time, actionable data on the
patient's hemodynamic status.

.
Arterial Line
For continuous, beat-to-beat blood pressure assessment.

L
Central Venous Line
To trend RV filling pressures and for secure vascular access,

©® Hemodynamic Goals

Precise, quantifiable targets to maintain cardiovascular stability
and protect the right ventricle.

« @
Mean Arterial Pressure (MAP)
Maintain within 20% of baseline (Target > 65 mmHg).

* v

Heart Rate
Maintain < 100 bpm to optimize diastolic filling time.

Central Venous Pressure (CVP)
Maintain 8-12 mmHg to ensure adequate RV preload.

A Emergency Contingency Planning

Proactive, protocol-driven responses for high-risk scenarios, with
all necessary equipment and drugs immediately available.

o 4
For Hypotension
Pre-mixed Phenylephrine infusion.

- Q
For RV Failure
Dobutamine/Milrinone infusions and iNO on standby.

- &
For Hemorrhage
Contraindication of Carboprost and Methylergometrine.

Figure 3. Pre-anesthetic preparation and multidisciplinary planning.

Figure 4 provides a scientifically detailed and
visually intuitive narrative of the patient's entire
intraoperative journey. It masterfully synthesizes two
critical domains of information: the procedural timeline
of the anesthetic management and the corresponding
real-time physiological response of the patient. The
timeline begins at T=0 with a Test Dose, a critical safety
step to confirm correct epidural catheter placement.
This is immediately followed by a 15-minute period of
Incremental Dosing, from T=5 to T=20 minutes. This
phase is the cornerstone of the entire anesthetic
technique; rather than administering a single large
bolus, the anesthetic was titrated in small, repeated
aliquots, allowing the clinical team to observe the
physiological effects in real-time and avoid abrupt

changes. The goal of this careful titration was achieved

at T=25 minutes, when the Target Block—a T6 sensory
level—was confirmed. This specific dermatomal level is
required to ensure complete surgical anesthesia for a
cesarean section. Once the desired block was
established, the management shifted to a Maintenance
phase, with the start of a continuous infusion to ensure
a stable plane of anesthesia for the remainder of the
procedure, which concluded at the End Surgery point.
This timeline clearly visualizes a methodical and
unhurried approach, prioritizing physiological stability
over speed. The line graph in the lower portion of Figure
4 translates this anesthetic strategy into a clear
physiological outcome, plotting three key hemodynamic
parameters against the major intraoperative
milestones. The most striking feature of the graph is the

remarkable stability of all three variables, which remain

954



within tight, predictable ranges despite the profound
physiological trespass of major abdominal surgery.
Starting from a healthy Baseline of approximately 83
mmHg, the MAP exhibits a modest and controlled
descent to its nadir of 72 mmHg Post-Induction. This
gentle decline is the expected and intended effect of the
epidural's sympathetic blockade; its controlled nature
is a direct result of the incremental dosing strategy.
Crucially, as highlighted by the shaded green MAP
Stability Zone, the blood pressure remained well within
the pre-defined target range (£20% of baseline) for the
entire duration of the procedure. During moments of
intense surgical stimulus, such as the Incision and the
Delivery of the infant, the MAP remained exceptionally
stable, demonstrating that the anesthetic block was
profound enough to blunt the body's natural stress
response. The pink line, tracking the patient's heart
rate, further reinforces the theme of stability. The HR
fluctuates minimally around the baseline of 78 bpm,
never exceeding 82 bpm and showing no signs of the
reflex tachycardia that can often accompany a drop in
blood pressure. For a patient with a compromised right
ventricle, avoiding tachycardia is a primary goal, as a

rapid heart rate reduces diastolic filling time and

increases myocardial oxygen demand. The f{flat
trajectory of the HR line in The teal line, representing
the CVP, offers insight into the patient's volume status
and right-sided cardiac function. The line remains
remarkably flat, hovering between 8 and 10 mmHg
throughout the entire case. This indicates meticulous
fluid management, successfully avoiding both
hypovolemia (which would have caused a drop in CVP)
and fluid overload (which would have caused a sharp
rise in CVP). The slight, transient increase at the time
of Delivery is a predictable physiological response to the
autotransfusion of blood from the contracting uterus,
and its small magnitude confirms that the patient's
right heart tolerated this fluid challenge without any
sign of decompensation. Figure 4 provides a powerful,
data-rich visualization of a successful high-risk
anesthetic. It demonstrates a clear correlation between
a controlled, graded anesthetic technique and the
achievement of profound hemodynamic stability. The
absence of any sharp peaks or troughs in the data lines,
particularly within the clearly defined stability zone,
serves as a graphical testament to a well-planned and

flawlessly executed clinical course.

Anesthetic Management and Intraoperative Hemodynamic Course

Test Dose Incremental Dosing
T=0 min T=5-20 min

Target Block
T6 Level @ 25

] [ ] ]
Maintenance End Surgery

Infusion Start Stable
min

MAP Stability Zone

80 a\.ﬁ:———#:\*——\‘=

60

40

20

Baseline Post-Induction

@ Anesthetic Management Event

@ Mean Arterial Pressure (MAP)

Incision Delivery End of Surgery

@ HeartRate (HR) @ Central Venous Pressure (CVP)

Figure 4. Anesthetic management and intraoperative course.
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Figure 5 showed a clear, progressive, and well-
structured postoperative recovery course, detailed
through a day-by-day timeline of key management goals
and patient milestones. The timeline commences on
Postoperative Day 0, a phase appropriately titled
Intensive Monitoring. This initial 24-hour period was
critical for ensuring a smooth transition from the
operating room and for vigilance against the immediate
physiological stresses following surgery. The key
milestones achieved during this phase were the
patient's stable transfer to the CVICU, the maintenance
of continued invasive monitoring, and the use of an
epidural infusion for analgesia. This focus on intensive
monitoring highlights the team's awareness of the high-
risk nature of the patient's condition, particularly
during the period of significant fluid shifts that occur
after delivery. The continuation of the epidural for pain
management was a crucial element, as it blunted the
stress response and its associated adverse
hemodynamic consequences. The subsequent days, as
depicted in Figure 5, illustrate a carefully managed
progression toward recovery. On Postoperative Day 1,
the focus shifted to Early Mobilization. The patient was
mobilized to a chair, a significant step in preventing
complications such as deep vein thrombosis and
atelectasis. Her diet was also advanced, and she
remained hemodynamically stable, indicating that her
cardiovascular system was successfully adapting to the
postoperative state. Postoperative Day 2 marked a
pivotal moment in the patient's recovery, characterized
by Care De-escalation. This phase involved the
deliberate withdrawal of intensive interventions,
signaling the patient's consistent improvement. Key
events included the removal of the epidural catheter,
the transition to oral analgesia, and the discontinuation
of invasive monitoring lines. This de-escalation of care
is a critical milestone, reflecting the clinical team's
confidence in the patient's stability and her progression
from intensive to standard care. The final phase of the
patient's in-hospital recovery is detailed over the next
two days. On Postoperative Day 3, the emphasis was on
Functional Recovery. The patient was ambulating

independently, a key indicator of returning strength

and a milestone for discharge readiness. Concurrently,
discharge planning was initiated, and the patient
reported excellent pain control, demonstrating the
success of the transition from epidural to oral
analgesia. This smooth progression culminated on
Postoperative Day 4, with the final phase of Discharge
& Follow-Up. The patient was discharged home in a
stable condition, with both cardiology and obstetric
follow-up appointments scheduled, ensuring a safe and
transition back to her home

well-supported

environment.

3. Discussion

The successful outcome in this high-acuity case was
not a matter of chance, but the direct result of a strategy
founded on three pillars: a deep, functional
understanding of the patient's unique pathophysiology;
a meticulous, titratable anesthetic technique designed
to control hemodynamic variables; and a robust,
systems-based approach to safety centered on
multidisciplinary planning and exhaustive preparation
for complications.!! The central anesthetic challenge in
this parturient was the state of her right ventricle. It
was a ventricle subjected to a chronic "double load": a
relentless volume load from the large left-to-right shunt,
and a significant pressure load from the secondary
pulmonary hypertension. Understanding the distinct
consequences of each load is critical. Chronic volume
overload forces the RV into eccentric hypertrophy and
severe dilatation, as seen on this patient's
echocardiogram. This remodeling allows the RV to
handle a large stroke volume, but it does so at the cost
of becoming highly dependent on adequate preload to
function on the steep portion of its Frank-Starling
curve.12 Simultaneously, the pressure overload from PH
forces the RV into concentric hypertrophy, leading to a
stiff, non-compliant chamber with impaired diastolic
function. This makes the ventricle exquisitely sensitive
to any acute increase in its afterload (PVR). The
combination of these two pathologies creates a ventricle
with minimal physiological reserve, operating on a

hemodynamic knife's edge.
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Postoperative Management & Recovery
Milestones

3

Postoperative Day 0
Intensive Monitoring

@ Stable transfer to CVICU

@ Continued invasive monitoring

@ Epidural infusion for analgesia

.

Postoperative Day 1

Early Mobilization

© Mobilized to chair

© Diet advanced as tolerated

© Remained hemodynamically stable

Postoperative Day 2
Care De-escalation

Epidural catheter removed
Transition to oral analgesia

Invasive lines discontinued

.

Postoperative Day 3
Functional Recovery

© Ambulating independently
@ Discharge planning initiated

© Excellent pain control

cé Postoperative Day 4

Discharge & Follow-Up
@ Discharged home in stable condition
@ cardiology follow-up scheduled

© Obstetric follow-up scheduled

Figure 5. Postoperative management & recovery.

This precarious state is further complicated by the
phenomenon of ventricular interdependence, the
clinical manifestation of which was the "D-shaped" left

ventricle. The severely dilated and high-pressure RV

caused the interventricular septum to bulge leftward,
physically encroaching upon the LV cavity.!13 This septal
shift has two devastating consequences. First, it directly

impedes LV diastolic filling, reducing LV end-diastolic
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volume and, by extension, LV preload. Second, it alters
the geometry of the LV, reducing its systolic efficiency.
The critical implication is that LV cardiac output—and
therefore systemic blood pressure and organ
perfusion—becomes a direct hostage to the function of
the right ventricle. Any event that causes the RV to
dilate further or fail will immediately compromise the
left heart and the

entire circulation. This

pathophysiological reality dictated our primary
anesthetic goal: every action taken had to prioritize the
stability of the right ventricle by rigorously controlling
its preload, preventing any increase in its afterload
(PVR), and, most importantly, maintaining systemic
afterload (SVR) to prevent a catastrophic increase in the
left-to-right shunt.14

Given this complex physiology, the choice of
anesthetic modality was the most critical decision. A
comparative analysis reveals why the graded epidural
was the only technique that truly aligned with our
hemodynamic goals. Single-shot spinal anesthesia was
deemed to carry an unacceptable risk.15 The injection
of local anesthetic into the subarachnoid space
produces a rapid, dense, and uncontrollable
sympathectomy. This would have caused two near-
simultaneous adverse events. First, the precipitous
drop in SVR would have dramatically increased the
pressure gradient across the ASD, massively
augmenting the left-to-right shunt and flooding the
already-strained pulmonary circulation. Second, the
profound venodilation would have caused a collapse in
venous return, catastrophically reducing the preload
upon which the volume-loaded RV was dependent. The
combination would almost certainly have resulted in
acute RV failure and cardiovascular collapse. General
anesthesia (GA), while offering definitive airway control,
a GA would have introduced numerous hazards.l¢ A
hypothetical "cardiac-stable” GA would require a
meticulous balancing act. Induction with an agent like
etomidate would be chosen for its hemodynamic
stability, but at the risk of adrenal suppression.
Ketamine, while supporting blood pressure, could
increase PVR. Intubation itself presents a major
sympathetic surge. Maintenance with a volatile agent
like sevoflurane offers the benefit of bronchodilation

and some reduction in PVR, but also causes myocardial

depression and vasodilation. A total intravenous
anesthesia (TIVA) technique would avoid volatile agents
but requires careful titration. Most critically, positive
pressure ventilation, even with lung-protective
strategies (low tidal volumes, limiting PEEP), inevitably
increases intrathoracic pressure and can compress
alveolar capillaries, increasing PVR and impeding RV
ejection. GA was therefore reserved as a rescue plan,
not a primary strategy. Graded epidural anesthesia was
chosen because it uniquely offers temporal control. By
placing a multi-orifice catheter and administering the
local anesthetic in small, incremental doses over 25
minutes, we induced a slow, controlled, and predictable
onset of sympathetic blockade.!” The block ascended
segmentally, allowing the cardiovascular system to
compensate for the gradual decrease in SVR. This
gradualism was the cornerstone of success. It prevented
any sudden shifts in the shunt fraction and allowed us
to maintain hemodynamic parameters within a 13.3%
margin of baseline without any pharmacological
support. The choice of 0.5% levobupivacaine, a less
cardiotoxic S-enantiomer, provided a dense sensory
block with minimal motor involvement, further aiding
venous return. The technique effectively placed the
"hand on the rheostat" of the patient's sympathetic
tone, allowing us to titrate the anesthetic effect to the
precise physiological response.

The success of the anesthetic was underpinned by a
robust framework of monitoring and safety protocols.
The use of invasive monitoring was non-negotiable.
While we critically acknowledge the limitations of CVP
as a measure of RV volume, its utility as a trend monitor
was invaluable. A stable CVP, as seen in this case,
suggested that RV preload was adequate and the
ventricle was tolerating the fluid shifts. A sudden rise
in CVP, especially in the context of falling blood
pressure, would have been an immediate alarm for RV
failure, triggering our pre-planned emergency protocol.
Our pharmacological philosophy was equally
deliberate. The pre-emptive choice of phenylephrine as
the first-line vasopressor in our contingency plan was
based on its pure alpha-1 agonism.!8 By increasing SVR
with minimal effect on heart rate or PVR, it would have

directly counteracted the primary threat of epidural-

induced vasodilation, improved coronary perfusion to
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the struggling RV, and potentially reduced the left-to-
right shunt by increasing left-sided afterload.!® The
explicit  contraindication of Carboprost and
Methylergometrine demonstrated a proactive approach
to avoiding iatrogenic increases in PVR. Perhaps most
importantly, this case highlights the role of the
multidisciplinary team and a systems-based approach
to safety. The formal pre-operative briefing, the
establishment of a clear team leader, the use of closed-
loop communication, and the detailed, pre-planned
emergency protocols transformed the operating room
from a collection of individuals into a coordinated, high-
reliability team. This cognitive framework ensured that
if a crisis had occurred, the response would have been
swift, organized, and effective, rather than chaotic and
delayed. The intraoperative period is only one part of

the challenge. The 48-72 hours following delivery are

often the most dangerous for the cardiac parturient.
This period is characterized by massive fluid shifts as
the extravascular fluid accumulated during pregnancy
is mobilized back into the intravascular space, and the
contracted uterus autotransfuses up to 500 mL of blood
into the circulation. For a patient with a compromised
RV, this surge in preload can be the "straw that breaks
the camel's back," precipitating delayed postpartum
heart failure. Our management in the Cardiovascular
ICU was therefore proactively focused on managing this
transition. By continuing invasive monitoring and
aiming for a slightly negative fluid balance with the help
of diuretics, we successfully navigated this high-risk
period. Furthermore, the initiation of chemical
thromboprophylaxis was a critical step in mitigating the
substantial risk of a paradoxical embolism through the

ASD in the hypercoagulable postpartum state.20

Anesthetic Management Framework Based on Pathophysiology

A

The Clinical Problem: "The Double-Loaded" RV

& Volume Overload

4

@ Pressure Overload

0

The Anesthetic Solution: Graded Epidural
Blockade

A titratable technique providing slow, controlled onset of
sympathectomy to ensure hemodynamic stability.

«

Goal: Maintain Systemic Vascular Resistance (SVR)

To prevent a sudden drop in SVR which would increase the left-to-right
shunt and worsen RV volume overload.

+« @ Outcome: Stable SVR, controlled shunt fraction, and
protected RV volume status.

1)

Goal: Avoid Increasing Pulmonary Vascular Resistance
(PVR)

To prevent an acute increase in RV afterload, which could precipitate
acute right heart failure

+ @ Outcome: Stable PVR, preserved RV contractility, and
maintained forward flow.

Figure 6. Anesthetic management framework based on pathophysiology.
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The schematic presented in Figure 6 provides a clear

and elegant depiction of the sophisticated,
pathophysiology-based reasoning that guided the
anesthetic management in this high-risk case. It moves
beyond a simple description of the technique used,
instead illustrating a logical framework that begins with
a precise definition of the central clinical problem,
connects it to a targeted therapeutic solution, and
finally, details the specific, goal-directed mechanisms
by which that solution achieves a safe outcome. This
visual narrative encapsulates the core principles of
modern cardiac and obstetric anesthesia, where
interventions are not chosen generically but are
meticulously  tailored to  counteract specific
physiological threats. At the apex of the framework,
highlighted in red to signify its critical importance, is
The Clinical Problem: "The Double-Loaded" RV. This
single phrase is a scientifically dense summary of the
patient's profoundly compromised cardiovascular state.
The figure breaks this down into its two constituent
parts: Volume Overload and Pressure Overload. This
"double load" represents the convergence of two distinct
pathological forces acting simultaneously on the right
ventricle, creating a situation of extreme physiological
fragility. The Volume Overload component is the
chronic consequence of the patient's large atrial septal
defect. The left-to-right shunt forces the right
ventricle—a chamber designed as a compliant, thin-
walled pump—to handle not only the normal systemic
venous return but also a significant additional volume
of blood recirculating from the left side of the heart.
Over the years, this has led to severe dilatation and
remodeling. Compounding this chronic state is the
acute hypervolemia of pregnancy, which further
increases the total circulating blood volume, stretching
the already over-stretched ventricle to its absolute limit.
The Pressure Overload component is the result of the
patient's secondary pulmonary hypertension. The same
chronic high-flow state that caused the volume overload
also led to pathological remodeling of the pulmonary
arteries, increasing the resistance against which the
right ventricle must pump. Therefore, with every beat,
the right ventricle must eject an abnormally large
volume of blood against an abnormally high pressure.

This dual burden places the right ventricle on a

precarious footing, with minimal functional reserve and
an exquisite sensitivity to any further hemodynamic
perturbation. This "double-loaded" state is the central
problem that any anesthetic plan must be designed to
solve. Flowing directly from the definition of the problem
is the green, shield-emblazoned box in Figure 6, which
presents The Anesthetic Solution: Graded Epidural
Blockade. The choice of a graded epidural is not
arbitrary; it is a specific and targeted intervention
designed to navigate the narrow hemodynamic corridor
imposed by the "double-loaded" RV. The figure
describes this technique as "titratable,” providing a
"slow, controlled onset of sympathectomy to ensure
hemodynamic stability". This description highlights the
core advantage of the technique. A sympathectomy, or
the blockade of the sympathetic nerves that regulate
blood vessel tone, is an inherent effect of neuraxial
anesthesia. If this sympathectomy occurs too rapidly,
as with a single-shot spinal anesthetic, it can cause a
catastrophic and uncontrollable drop in blood pressure
and venous return. However, by administering the
anesthetic in small, incremental doses over time—a
"graded" approach—the onset of this effect becomes
slow, predictable, and controllable. This allows the
patient's cardiovascular system to adapt gradually and
gives the clinical team the ability to titrate the
anesthetic effect to the precise physiological response,
moment by moment. The shield icon is therefore apt, as
the technique acts as a protective buffer, shielding the
patient's fragile circulation from the abrupt
hemodynamic shifts that would otherwise occur. The
final tier of the schematic in Figure 6 brilliantly
illustrates how this single anesthetic solution achieves
its protective effect by addressing the two primary
threats to the "double-loaded" RV. It bifurcates to show
two distinct, parallel goals that are simultaneously
achieved. On the left, the blue box details the first
objective: Goal: Maintain Systemic Vascular Resistance
(SVR). The rationale provided is to "prevent a sudden
drop in SVR which would increase the left-to-right
shunt and worsen RV volume overload". This is a
critical point. A sharp decrease in systemic pressure
would make it even easier for blood to flow from the
high-pressure left atrium to the lower-pressure right

atrium, exacerbating the shunt and pouring more
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volume into the already-failing right ventricle. The slow,
controlled sympathectomy of the graded epidural
prevents this precipitous SVR drop. The resulting
Outcome is a stable SVR, a controlled shunt fraction,
and a protected RV volume status. On the right, the
purple box outlines the second, equally vital objective:
Goal: Avoid Increasing Pulmonary Vascular Resistance
(PVR). The PVR constitutes the afterload, or resistance,
that the RV must overcome. In a patient with
pulmonary hypertension, the RV is already pumping
against a high afterload. Any further increase in this
resistance, which can be triggered by surgical pain,
stress, or certain anesthetic drugs, could be the final
straw that precipitates acute right heart failure. A well-
managed epidural provides profound analgesia,
blocking the stress response to surgery, and avoids the
systemic drugs that might adversely affect the
pulmonary vasculature. The resulting Outcome is a
stable PVR, which in turn preserves RV contractility
and maintains crucial forward blood flow. Figure 6
provides a masterful visual summary of a highly
sophisticated clinical thought process. It demonstrates
that the choice of a graded epidural was not merely a
technique, but a comprehensive strategy designed to
simultaneously defend the patient's circulation on two
fronts: stabilizing SVR to control the volume load while

also stabilizing PVR to manage the pressure load.

4. Conclusion

This case report provides a compelling and
methodologically detailed demonstration that a
meticulously titrated, graded epidural blockade,
founded on a deep understanding of the patient's
unique pathophysiology, represents the anesthetic
technique that best aligns with the primary
hemodynamic goals in a parturient with a large ASD
and pulmonary hypertension. It transforms a high-risk
procedure into a controlled and predictable event by
placing temporal control of the sympathetic blockade
directly in the hands of the anesthesiologist. However,
the ultimate success of this case was not solely
dependent on the anesthetic technique itself, but on the
comprehensive, systems-based safety framework in
which it was deployed—a framework built upon
rigorous exhaustive

multidisciplinary  planning,

preparation for complications, and a critical, data-
driven approach to patient monitoring. This report
provides a robust template for managing such cases,
underscoring that in the most challenging clinical
scenarios, a successful outcome is a direct product of

meticulous preparation and physiological respect.
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