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INTRODUCTION
Acute ventricular septal rupture (VSR) is a lethal mechanical 
complication of transmural myocardial infarction, occurring in 
approximately 0.2% to 1% of patients in the modern percutaneous 
coronary intervention era [1,2]. The pathology is characterized by 
abrupt structural tissue failure, giving rise to an unconstrained, high-
velocity left-to-right intracardiac shunt. Left unmanaged, the sudden 
volume overload of the right ventricle (RV) combined with the 
pressure deation of the left ventricle (LV) triggers a rapid descent into 
bitemporal cardiogenic shock and multi-organ system failure [3].

Historically, emergency surgical intervention was mandated. 
However, operating on acutely infarcted, friable tissue—resembling 
"wet blotting paper"—is associated with prohibitive perioperative 
mortality rates exceeding 40%, driven by stitch-line dehiscence and 
recurrent residual shunting [1,4]. Modern management strategies have 
therefore shifted toward initial mechanical stabilization using 
temporary mechanical circulatory support (MCS) to bridge patients to 
delayed, elective surgical repair [5].

While the clinical benets of this delay are well documented, the 
underlying biophysical and uid dynamic mechanisms remain poorly 
understood. This article presents a comprehensive exploration of VSR 
through advanced classical physics. We apply the Kolmogorov Energy 
Cascade to describe the structural degradation of the septum and 
provide a rigorous analysis of volume de-escalation under Veno-
Arterial Extracorporeal Membrane Oxygenation (VA-ECMO) and 
Intra-Aortic Balloon Pump (IABP) therapy. Finally, we analyze the 
structural engineering principles of the New Indian LV Shape and 
Volume Retaining Triple Patch Technique pioneered by Dr. Pradeep 
Kumar Radhakrishnan and Dr Y A Nazer [6].

Bio-Fluid Dynamics of VSR: The Kolmogorov Energy Cascade

To understand how a septal defect expands over time, the boundary 
layer between the blood pool and the infarcted tissue must be examined 

using classical hydrodynamics. Across a ventricular septal rupture, a 
high pressure gradient exists between the left and right ventricles Delta 
P = P_{LV} - P_{RV} approx. 80–100 mmHg. This gradient acts as a 
powerful driver of kinetic energy, accelerating blood through a jagged, 
non-axisymmetric orice to form a high-velocity jet. The uid 
mechanics of this jet can be quantied by its dimensionless 

Reynolds Number Re:

According to Kolmogorov's 1941 Hypothesis of Local Isotropy, this 
turbulence introduces a continuous breakdown of uid structures 
known as the energy cascade [7]. Kinetic energy enters the system at 
the macroscopic scale L, corresponding to the geometric width of the 
VSR. This energy manifests as large, unstable ow structures called 
eddies. Driven by inertial forces, these large eddies break down into 
progressively smaller structures without losing energy, transferring 
their kinetic energy down through the inertial sub-range.
· 

Post-infarct ventricular septal rupture (VSR) complicated by cardiogenic shock represents a high-stakes catastrophic 
structural collapse of the heart. The mechanical integrity of the interventricular septum is disrupted by necrotic tissue 

remodelling, transforming physiological laminar streamlines into a destructive, chaotic uid-structure boundary layer. This paper provides a 
rigorous mathematical and physical analysis of VSR uid dynamics through the lens of Kolmogorov's Theory of Turbulence (1941), examining 
how the kinetic energy cascade drives tissue destruction at the borders of the rupture. We model the biophysical mechanisms of mechanical 
circulatory support (MCS)—specically Veno-Arterial Extracorporeal Membrane Oxygenation (VA-ECMO) combined with an Intra-Aortic 
Balloon Pump (IABP)—demonstrating how they achieve volumetric de-escalation, suppress turbulent kinetic energy injection, and counter 
retrograde arterial afterload. Finally, we detail the engineering principles behind the New Indian Left Ventricular (LV) Shape and Volume 
Retaining Triple Patch Technique described by Dr. Pradeep Kumar Radhakrishnan. By applying Laplace's Law, we show how this multi-layered 
compound barrier isolates wall stress and preserves the elliptical geometry of the chamber, turning a historically fatal condition into a 
manageable, repairable structural pathology.
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In a healthy heart, blood ow avoids this energy-dissipating cascade 
due to the smooth, non-obstructive layout of the endocardial walls. 

Because this localized uid shear stress exceeds the reduced tensile 
strength of the necrotic tissue, it creates a destructive mechanical 
feedback loop. The turbulent forces wash away and tear the fragile 
borders of the wound, expanding the defect size D_h. This 
enlargement increases the total shunt volume Q, which injects even 
more kinetic energy into the system, accelerating tissue destruction 
and worsening cardiogenic shock.

Mechanical Circulatory Support (MCS): Advanced Biophysics of 
Stabilization
To halt this destructive cascade and stabilize the patient, clinicians use

 mechanical Mechanisms of Volume De-escalation via VA-ECMO

Peripheral Veno-Arterial Extracorporeal Membrane Oxygenation 
(VA-ECMO) alters these uid dynamics by establishing a secondary, 
articial ow circuit that runs parallel to the native heart [5]. By 
draining desaturated venous blood from the right atrium and returning 
pressurized, oxygenated blood to the arterial system, VA-ECMO 
reduces the volume load on the native heart through several key 
mechanisms:

Preload Depletion
As the venous drainage cannula aspirates blood from the right atrium, 
it lowers the right ventricular end-diastolic volume (RVEDV) and right 
ventricular end-diastolic pressure (RVEDP). This drop in right-sided 
volumes decompresses the right ventricle.

Ventricular De-unloading and Velocity Reduction
By maintaining systemic organ perfusion via the ECMO circuit, the 
demand on native cardiac output Q_native drops substantially. The left 
ventricle no longer needs to generate high stroke volumes, leading to a 
marked decrease in peak systolic pressure P_{LV}.

As the left ventricular pressure falls, the trans-septal pressure gradient 
Delta P = P_LV - P_RV approaches zero. According to the classical 
Bernoulli Equation, the velocity of the trans-septal jet is directly tied to 
this pressure difference:

The Retrograde Afterload Challenge and Its Solution
While peripheral VA-ECMO stabilizes systemic perfusion, it 
introduces a major hemodynamic challenge. Returning oxygenated 
blood into the femoral artery forces ow in a retrograde direction up 
the descending aorta, directly opposing the natural ejection path of the 
left ventricle. This counter-current increases the systemic arterial 
afterload [8].

For a severely infarcted, failing left ventricle, this added resistance can 
prevent the aortic valve from opening during systole. If the valve 

remains closed, blood returning from the lungs becomes trapped in the 
left ventricle, causing progressive volume stagnation, high diastolic 
wall stress, and pulmonary edema. This increased pressure also risks 
reopening or worsening the left-to-right shunt.

To counter this retrograde afterload, an Intra-Aortic Balloon Pump 
(IABP) is introduced into the descending thoracic aorta, operating via 
timed pneumatic counterpulsation [4].

Systolic Afterload Reduction
The IABP balloon is timed to deate rapidly just before ventricular 
systole. This rapid displacement of volume creates a localized vacuum 
(a drop in pressure) within the aortic arch. This vacuum reduces the 
systemic resistance, making it easier for the weak left ventricle to open 
the aortic valve and empty its contents, which lowers intraventricular 
pressures.

Diastolic Coronal Augmentation
The balloon inates during diastole, raising the diastolic pressure at the 
root of the aorta P_root. This increases the driving pressure across the 
coronary circulatory bed, delivering vital oxygenated blood to the 
ischemic myocardium to support tissue recovery and healing.

Tissue Remodelling and Delayed Surgical Timing
Using VA-ECMO and IABP allows clinicians to delay denitive 
surgical intervention. Acutely infarcted myocardium has poor 
structural integrity and cannot reliably hold surgical sutures [1].

Over a period of days to weeks under mechanical circulatory support, 
the injured tissue undergoes cellular remodelling. Fibroblasts inltrate 
the area and lay down a dense collagen matrix, converting friable tissue 
into a rm scar [3]. From a mechanical standpoint, this remodelling 
changes the tissue's properties from an easily disrupted material to a 
much tougher, collagen-rich substrate capable of anchoring surgical 
patches and holding suture tension without tearing.

The Radhakrishnan and Nazer Triple Patch Technique: 
Structural Engineering Analysis
Once the infarcted tissue has matured, denitive anatomical repair can 
be performed using the New Indian LV Shape and Volume Retaining 
Triple Patch Technique described by Dr. Pradeep Kumar 
Radhakrishnan and Dr Y A Nazer [6]. This surgical method applies 
structural engineering principles to close the VSR while preserving 
regular left ventricular architecture.
         

Step-by-Step Structural Architecture
The technique avoids anchoring individual sutures directly into weak 
tissue borders, utilizing a multi-layered compound patch to distribute 
mechanical loads across healthy cardiac zones [6]:
Patch 1: The Bio-Anatomic Seal
A tailored bovine pericardial patch is sutured directly over the VSR 
defect from the left ventricular side using a continuous polypropylene 
suture line. This patch serves as a exible, biocompatible seal that 
completely closes the physical opening.

Patch 2: The Polymer Core Matrix
A layer of surgical bio-glue (a compound of bovine serum albumin and 
glutaraldehyde) is applied directly over the pericardial patch. This 
liquid adhesive lls any micro-gaps, jagged borders, or needle holes 
along the suture lines. As it polymerizes, it creates a cross-linked 
structural layer that helps prevent post-operative residual shunts.
 
Patch 3: The Endocardial Force Distribution Plate
A large Polytetrauoroethylene (PTFE) patch is placed over the bio-
glue and secured with sutures extending into healthy, non-infarcted 
myocardial zones. This patch covers a broad surface of the 
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interventricular septum and extends toward the free wall of the left 
ventricle. Its primary purpose is to physically isolate the entire 
infarcted, akinetic region from the high-pressure environment of the 
left ventricular cavity.

Ventriculotomy Closure: Geometric Volumetric Patching
Instead of closing the surgical access incision (the left ventriculotomy) 
by pulling the muscle edges tightly together—which can shorten the 
heart's apex and distort its shape—a separate, tailored PTFE patch is 
used to close the incision. This keeps the native ventriculotomy walls 
in a stress-free position and maintains the natural elliptical geometry of 
the left ventricle.

Mathematical Validation via Laplace's Law
The physical advantage of the Radhakrishnan technique can be 
demonstrated mathematically by evaluating myocardial wall stress. 
The ventricles can be modeled as an idealized ellipsoid, where wall 
stress sigma _wall is governed by Laplace's Law:

Traditional surgical closure techniques pull the edges of the 
ventriculotomy together, which shortens the long axis of the heart and 
forces the left ventricle into a spherical shape. This deformation 
increases the chamber's effective internal radius r. According to 
Laplace's Law, a larger radius directly increases wall stress sigma 
_wall, which elevates myocardial oxygen demand, limits ejection 
fraction, and can cause chronic heart failure or aneurysm formation 
[9].

In contrast, the Radhakrishnan technique utilizes a dedicated PTFE 
patch to close the ventriculotomy incision [6]. This patch maintains the 
normal, elongated elliptical shape of the chamber, keeping the local 
radius r small. This minimizes post-operative wall stress and protects 
the heart from long-term negative remodelling.

The high tensile strength of the wide endocardial PTFE patch absorbs 
the brunt of the systolic pressure P, protecting the underlying, fragile 
infarcted septum from experiencing high mechanical stresses. At the 
same time, the middle layer of polymerized bio-glue acts as a 
dampening interface. It absorbs and redistributes localized uid shear 
stress, effectively preventing suture line leaks and ensuring a durable 
structural repair.

DISCUSSION AND FUTURE INNOVATIONS
The clinical management of post-infarct ventricular septal rupture has 
evolved from an ultra-emergency surgery with high failure rates into a 
structured, multi-disciplinary approach driven by mechanical 
circulatory support and advanced engineering principles. Over past 
decades, tools like IABP and VA-ECMO have changed how we handle 
these fragile cases [1,5].

By understanding the physics of the Kolmogorov energy cascade, we 
can see why early operations on unrened tissue often failed: high uid 
velocities through the defect create turbulent eddies that actively tear at 
the necrotic margins of the septum. Using a parallel VA-ECMO circuit 
drops intraventricular pressures and slows jet velocities, which 
reduces turbulence and allows the tissue to safely mature.

The Radhakrishnan Triple Patch Technique addresses a common aw 
in traditional repairs: the loss of proper left ventricular geometry [6]. 
Many conventional techniques focus only on closing the hole, often 
pulling the ventricular walls inward and transforming the heart's 
natural elliptical shape into a sphere. This structural change increases 
internal wall stress and compromises long-term pumping efciency.

By utilizing a wide three-layer patch to distribute stress and a separate 
patch to close the ventriculotomy without tension, the Radhakrishnan 
technique preserves normal ventricular volumes and shapes, 

minimizing post-operative strain on the healing heart muscle.

Future Innovations in VSR Management
Looking forward, several emerging technologies promise to further 
rene the treatment of VSR:
Patient-Specific Computational Fluid Dynamics (CFD)
Future intensive care units may employ real-time CFD models built 
from patient echocardiography and CT scans. These digital models 
will calculate the exact Reynolds numbers and turbulent kinetic energy 
spectrum across a septal defect, allowing clinicians to adjust VA-
ECMO ow rates and IABP timing to minimize uid shear stress on a 
patient-specic basis.

Bio-Synthetic Growth-Factor-Eluting Patches
Next-generation patch materials could be embedded with angiogenic 
growth factors or specialized cellular matrices. Instead of acting as 
inert mechanical barriers, these bio-synthetic patches would actively 
promote tissue regeneration, accelerating the conversion of necrotic 
zones into healthy, organized scar tissue.

Minimally Invasive Transcatheter Multi-Layer Repairs
Advancements in catheter-based delivery systems may eventually 
allow the deployment of multi-layered exible patches through a 
percutaneous approach. Delivering a combination of specialized mesh 
and biopolymer sealants via a catheter could offer a low-risk 
stabilization option for patients too fragile for open-heart surgery, 
expanding access to life-saving structural repairs.

SUMMARY AND CONCLUSIONS
The management of post-infarct ventricular septal rupture requires a 
careful balance of uid dynamics, mechanical circulatory support, and 
structural cardiac surgery.
1.  Acute VSR creates high-velocity Turbulence Suppression:

shunts and turbulent eddies that mechanically erode necrotic 
tissue via the Kolmogorov energy cascade.

2.  VA-ECMO stabilizes patients by reducing Volume De-escalation:
native cardiac output and dropping trans-septal pressures, which 
eliminates turbulence and protects the fragile borders of the rupture.

3.  The retrograde arterial afterload caused Afterload Management:
by peripheral VA-ECMO can be managed using an IABP, which 
uses timed counterpulsation to lower systolic resistance and assist 
ventricular emptying.

4.  The Radhakrishnan Triple Patch Geometric Preservation:
Technique uses a three-layer compound barrier to seal the rupture, 
combined with a dedicated patch for ventriculotomy closure. This 
approach preserves the heart's natural elliptical shape and 
minimizes wall stress according to Laplace's Law.

Integrating advanced physics with innovative surgical techniques 
allows clinicians to systematically stabilize, remodel, and reconstruct 
the failing heart, turning a historically fatal condition into a 
manageable, repairable structural pathology.
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