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Abstract

The venous system constitutes a vital component of the
human circulatory system, facilitating the return of
deoxygenated blood from tissues and organs back to the
heart. During cardiac surgeries while using cardiopulmonary
bypass (CPB), a critical step involves diverting venous blood
from a cannula through the heart-lung machine, where it
undergoes oxygenation before re-entering the arterial
circulation. This process demands careful control and
management to ensure safe and effective perfusion
throughout the body. This research paper offers an
exploration of venous drainage strategies in the context of
cardiac surgery and other applications of extracorporeal life
support. The PRISMA method was employed as the guiding
framework for conducting this review. The investigation
utilized a qualitative research design to assess the artificial
circulation and venous dynamics. Out of 85 selected journal
publications, 63 peer-reviewed and evidence-based research
works were shortlisted. Through an examination of existing
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evidence, the author underscores the significance of precise venous cannulation techniques and drainage

approaches, underscoring the influence on hemodynamics, clinical outcomes, and potential complications.

The study delves into advanced monitoring methods and future prospects within the realm of venous

drainage. The insights presented in this review serve as a valuable resource for evidence-based decision-

making, ultimately contributing to improved patient outcomes and elevated surgical practices.
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Introduction

The venous system plays a pivotal role in the
circulatory system by returning deoxygenated
blood from tissues and organs to the heart. In
the context of cardiothoracic surgery,
redirecting venous blood into a heart-lung
machine for oxygenation before it returns to
arterial circulation is a critical procedure.
This complex process requires careful
management to ensure safe and effective
perfusion throughout the entire body. This
research paper aims to provide an
understanding of the human venous system
in conjunction with artificial venous
circulation systems. It explores various
circulation

applications  of  artificial

concerning the venous system, encompassing
CPB, Extracorporeal membrane oxygenation
(ECMO), Veno-Veno Bypass for liver
transplantation, Ventricular Assist devices
(VADs) for ventricular failure, and bridge to
transplantation.

Additionally, it delves into the crucial role of
monitoring during these applications. By
examining existing evidence and insights, this
paper underscores the critical importance of
precise venous cannulation techniques,
effective drainage strategies, potential venous
complications, and the impact on patient
outcomes.  Furthermore, it  discusses
strategies for enhancing these procedures to

improve overall patient care and results.
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Figure 1: Illustration of venous aspects in perfusion.

Methods

The PRISMA method was employed as the
guiding framework for conducting this
review. The investigation utilized a
qualitative research design to assess the
artificial circulation and venous dynamics.
Out of 85 selected journal publications, 63

peer-reviewed and evidence-based research
works were shortlisted. The inclusion criteria
involved empirical studies, observational
research, and comprehensive reviews,
resulting in 63 relevant research works.

The review process involved open-source
journal publications and the Google Scholar
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database. Special attention was paid to the
methods of facts collection and the validity of

sources. The research engagement employed
all the provisions of ethical conduct in

information garnered from secondary research.
Themes/Factors Authors/Year
Saad AM, et al, 2020[1]
Venous Anatomy Ismail A, et al, 2023[2]
Wilson, et al, 2021(3]
Persichini R, et al, 2022[4]
Venous Physiology Tansey EA, et al, 2019[5]

Skytioti M, et al, 2020[6]

Venous assist drainage

Fois M, et al, 2022[7]
Datt B, et al, 2023([8]
Narasaki S, et al, 2022[8]
Sibel A, et al, 2020[22]

Cannulation

Pozzoli A, et al, 2022[10]
Tovedal T, et al, 2010[11]
Ceresa F, et al, 2023[12]
Bennett MJ, et al, 2019[13]
Goto T, et al, 2018[14]

Monitoring

Roberts A, et al, 2023[15]
Ameloot K, et al, 2016[16]
Svenmarker S, et al, 2016[17]
Reagor J, et al, 2021[18]
Osborne SC, et al, 2022[19]

Venous Reservoir and assisted venous drainage

Benim, et al, 2020[20]
Saczkowski, et al, 2022[21]
Daniel K A, et al, 2002[23]

Elio Barreto de CF, et al, 2014[24]
Kieron C P, et al, 2011[25]
Norihiko S, et al, 2005[26]
Masashi T, et al, 2016[27]

MIECC

Turki BA, et al, 2021[28]
Raed AA, et al, 2012[29]
Fernandes P, et al, 2009[30]

Veno- Veno bypass

Warangkana L, et al, 2020[33]
Gianmarco G, et al, 2022[34]
Chady S, et al, 2016[35]
Fan SL, et al, 2022[36]
Kurinchi SG, et al, 2011(37]
Fan SL, et al, 2022[38]
Kim HY, et al, 2018[39]
Katrin H, et al, 2009[40]

Butt SP | Volume 4; Issue 2 (2023) | Mapsci-JCCR-4(2)-080 | Research Article
Citation: Butt SP, Razzaq N, Saleem Y, Ashiq F, Kumar A, Ghori A, et al. Extracorporeal Circulation and Venous Hemodynamics: A
Literature Review on Physiological Foundations to Clinical Applications. ] Cardiol Cardiovasc Res. 2023;4(2):54-70.

DOL: https://doi.org/10.37191/Mapsci-JCCR-4(2)-080



doi:%20https://doi.org/10.37191/Mapsci-JCCR-4(2)-080

Extracorporeal Membrane Oxygenation

Banfi C, et al, 2016[41]
Kim J H, et al, 2020[42]
Lindholm J A, et al, 2018[43]
Shaheen A, et al, 2016[44]
Munshi L, et al, 2019[45]
Menaker J, et al, 2018[46]
Menaker J, et al, 2019[47]
Tulman D, et al, 2014[48]
Byun ] H, et al, 2020[49]
Banning A S, et al, 2021[50]
Kanagarajan D, et al, 2023[s51]
Ius F, et al, 2015[52]
Sohail S, et al, 2021(53]
Winiszewski H, et al, 2022[54]
Gugli, M, et al, 2019[55]
Le Gall A, et al, 2017[56]

Ventricular Assist Device

Salna M, et al, 2020[57]
Condello I, et al, 2020[58]
Saito S, et al, 2012[59]
Ricklefs M, et al, 2018[60]
William Z, et al, 2018[61]
Punjabi PP, et al, 2013[62]
Ganushchak Y, et al, 2015[63]

Table 1: Illustration of studies to the related themes.

Human venous system

The human body pumps around 7,000 liters
of blood each day, and the heart beats roughly
2.5 billion times in an average lifetime. The
human venous system constitutes a vital
component of the circulatory system,
responsible for returning deoxygenated blood
from tissues throughout the body back to the
heart. Comprising a complex network of
veins, these vessels play a crucial role in
maintaining overall cardiovascular function.
Veins are characterized by thin, flexible walls,
which allow to handle changes in blood
volume and pressure. Veins are equipped
with one-way valves that prevent backflow of
blood, ensuring a unidirectional flow towards
the heart. The largest vein in the body, the
superior and inferior vena cava, carries

deoxygenated blood from the upper and
lower body, respectively, into the right atrium
of the heart, initiating the pulmonary
circulation process. Overall, the human
venous system serves as a vital conduit for
efficient blood circulation, assisting in the
transport of vital nutrients, waste products,
and metabolic byproducts essential for
maintaining homeostasis and sustaining
human life [1].

Coronary veins drain blood from the heart's
muscle. Which can be divided into two
groups: greater (including the coronary sinus)
and smaller veins. The coronary sinus is the
largest and empties into the right atrium,
crucial for retrograde cardioplegia delivery
while monitoring pressures to prevent
complications [2,3].
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Figure 2: [llustration of single and bicaval venous cannulation for CPB [4].

The volume of blood returning to the right
atrium depends on various factors, including
systemic filling pressures, right atrial
pressures, and vascular resistance [5].

Venous return =(Pmsf-RAP)/RVrVenous
return =(Pmsf-RAP)/RVr

In the given formula, Pmsf (Mean Filling
Pressure) represents the driving force for
blood flow into the right atrium, originating
from the elastic recoil potential stored in vein
walls, influenced by vessel compliance and
system volume. Conversely, right atrial
pressures exert a counteracting force
hindering venous return, influenced by
factors like the weight of the blood column
extending from the heart to the limbs when
venous valves close, and the efficiency of the
right ventricle as well as pleural pressure
changes during ventilation. Additionally,
resistance to venous return is a significant
factor, determined by factors such as vein
diameter controlled by the sympathetic
nervous system and adrenergic tone [5].

Neurohumoral mechanisms play a pivotal
role in regulating venous blood flow to
maintain the right heart filling pressure. For
instance, during exercise or hemorrhage,
sympathetic activity triggers
venoconstriction via adrenergic stimulation,
reducing venous compliance, increasing
peripheral venous pressure, and propelling
blood forward. This venoconstriction and
venodilation significantly impact total blood
volume distribution and influence Central
Venous Pressure (CVP), stroke volume (SV),
and arterial blood pressure. Alpha-
adrenergic-mediated venous constriction
shifts blood from unstressed to stressed
volume. In addition to neurohumoral
mechanisms, the muscle pump system is
another essential factor in promoting venous
return during locomotion. Peripheral veins in
the limbs feature one-way valves that direct
blood flow towards the heart as surrounding
muscles compress the veins during
contraction, propelling blood in the heart's
direction. Inspiration further enhances
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venous return as intrathoracic pressure drops,
causing veins to compress during lung
expansion. Studies suggest that respiratory
pumps, such as spontaneous negative-
pressure ventilation, contribute significantly
to venous return and stroke volume,
reductions

ameliorating induced by

hypovolemia [6,7].

Cardiopulmonary bypass and venous
dynamics

During CPB, blood that would typically flow
into the right atrium is redirected to the
heart-lung machine via a cannula. This
modification transforms the cardiovascular
system from a closed to an open circuit,
incorporating a venous reservoir. Cardiac
output is controlled by the pump's flow, and
the venous blood is efficiently drained into
the heart-lung machine through a simple
siphonage effect, sometimes with vacuum
assistance. The lungs are deflated,
neuromuscular  blocking  drugs  are
administered, and cardioplegia stops the
heart's beating. Factors like patient's
circulating volume, vacuum/kinetic assist,
circuit setup (tubing sizes, gravity), and
cannula placement all influence the return of
blood into the reservoir.

Posture also plays a significant role in venous
return during CPB (cardiopulmonary bypass).
In the Trendelenburg position, gravity
facilitates the pooling of blood in the right
atrium, ensuring a greater volume is available
for efficient flow down the venous cannula.
Poiseuille's law underscores that the laminar
flow rate of a fluid through a tube depends on
several factors, primarily the diameter to the
fourth power and resistance, encompassing
fluid viscosity and tube length, while the
pressure difference across the tube influences

it as well. A study effectively demonstrated
this principle by reducing priming volume,
transitioning from a %" to a 3/8" venous line,
and compensating for the diameter reduction
by shortening the tube's length, thereby
maintaining optimal venous drainage. Given
that blood viscosity typically remains within
physiological limits during bypass, fine-
tuning the diameter and length of the tubing
can optimize venous return in a bypass circuit

[8,9].

B 8uLQ
~ 7R4

Hagen-Poiseuille’s equation

Ap

Various cannulas are strategically positioned
within the veins to facilitate blood
withdrawal, with studies emphasizing the
critical nature of proper cannulation
techniques [10-12]. However, beyond correct
placement, the design of the cannula itself
carries substantial significance. A recent
study comparing smart cannulas to thin-
walled counterparts indicates the advantages
of using virtually non-walled cannulas, as it
requires less suction assistance for achieving
the same level of drainage efficiency.
Furthermore, research underscores the
importance of cannula diameter over the
number of holes, revealing that the latter can
lead to negative pressures. Similarly, another
study highlights the adverse effects of
increasing the number of holes while
maintaining consistent surface area along the
side of a cannula, as it induces flow separation
from the tip-hole of the cannula [13-15].

Effective monitoring plays a pivotal role in
ensuring proper venous drainage during all
phases of CPB, from initiation to
management and weaning. Inadequate
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venous drainage can result in suboptimal flow
rates, cardiac distention, and potentially
serious complications such as cerebral edema
and lower-body congestion. Early detection
of poor venous drainage can be achieved by
monitoring the volume level in the venous
reservoir and assessing Central Venous
Pressure (CVP).

Furthermore, ultrasonography is a valuable
tool for verifying correct cannula placement,
while Transesophageal Echocardiography
(TEE) proves especially useful in the context
of peripheral venous cannulation. Near
Infrared Spectroscopy (NIRS) has also been

applied to identify lower cerebral oxygen
saturation levels during venous congestion.

On the heart-lung machine, monitoring
venous saturations becomes crucial as it
offers insights into the balance between
oxygen delivery and demand. These
measurements, often employed in cardiac
surgery, have a demonstrated impact on
patient outcomes. Additionally, various
devices, as discussed by Mark, et al., are
available for real-time gas analysis, which
serves as a comparable alternative to blood
gas machines and aids in optimizing patient
care during surgery [16-20].

Artificial circulation
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Figure 3: All aspects of venous monitoring in artificial Circulation.

Venous reservoirs and VAVD

The use of venous reservoirs, encompassing
both soft shell and hardshell designs, is an
integral aspect of CPB system, providing
essential extracorporeal circulation support.
To optimize patient outcomes, a deep
comprehension of the distinct characteristics
and impacts of these reservoirs is imperative.

An investigation by Benim, et al., delved into
the hemodynamics of hardshell venous

reservoirs in  comparison to  other
components in extracorporeal circulation.
Utilizing computational simulations, the
authors analyzed flow patterns within two
distinct hardshell reservoir designs. Notably,
one design exhibited significant turbulence
near the drainage tube connection,
consequently elevating the Modified Index of
Hemolysis (MIH) value due to its influence on
blood damage potential [21]. Saczkowski, et

al., undertook an evaluation of integrated
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pressure relief valves (IPRVs) in hardshell
venous reservoirs, specifically in the context
of Venous assisted venous drainage (VAVD).
The findings underscored the variability of
internal reservoir pressures based on different
gas inflow rates. Additionally, the study
highlighted the limitations of external
secondary one-way valves (ESOVs) in
mitigating reservoir pressurization events,
thus emphasizing the need for improved
communication regarding these devices'
capabilities and limitations [22].

Addressing concerns of hemolysis in CPB,
Almany, et al., explored the effects of VAVD
and gravitational drainage (GD) on hemolysis
during cardiac surgery. The observations
revealed that despite applying lower negative
pressure, VAVD offered a safe and effective
means of improving venous drainage and
cardiac decompression without exacerbating
hemolysis or necessitating excessive fluid
administration [23].

The limitations of positive pressure release
valves (PPRVs) on hardshell venous reservoirs
were investigated by Almany, et al. The study
indicated varying levels of pressurization
control among different PPRVs, highlighting
the importance of comprehensive evaluation
of reservoirs and associated PPRVs for
maintaining safety under diverse clinical
conditions [24].

Elio Barreto de Carvalho Filho's systematic
review provided insight into the advantages
and disadvantages of VAVD within CPB. This
review showcased reduced transfusion rates
and improved operative field visibility,
ultimately suggesting that the benefits
outweigh potential complications when
implemented

alongside appropriate

technology and expertise [25].

Microbubble generation and air transmission
within venous reservoirs were explored by
Potger, et al. The in-vitro study underscored
the critical necessity of preventing venous air
entrainment during CPB procedures. Both
closed soft-shell venous reservoirs (SSVR)
and open hard-shell venous reservoirs
(HSVR)
transmission at  higher flow rates,

demonstrated microbubble
emphasizing the importance of minimizing
this phenomenon [26].

Shiiya, et al., introduced a modified closed-
loop CPB system featuring a soft reservoir bag
connected in parallel with a centrifugal pump
to enable preload control during distal aortic
perfusion. This innovative approach was
proven effective in maintaining venous
drainage, allowing for reduced heparin
dosage, and avoiding abrupt increases in
proximal aortic pressure during aortic cross-
clamping [27].

Investigating the sterility and
biocompatibility of stored open-reservoir
CPB circuits, Tagaya, et al., found these
standby circuits to be safe in terms of
bacterial count, endotoxin presence, and
chemical substances. These findings affirm
the wusability of such circuits without
compromising safety during CPB procedures

[28].

In essence, Venous reservoirs are pivotal in
CPB systems. Studies probe diverse designs,
highlighting  turbulence-triggered  blood
hardshell ~models. The
effectiveness of pressure relief valves in these

damage in

reservoirs varies and positive pressure release
valves (PPRVs) show
pressurization control. VAVD emerges as a

inconsistent

secure method for effective drainage and CPB
decompression with reviews favor VAVD's
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benefits: less transfusions, improved surgery
visibility. Finally, research confirms stored
CPB circuits' safety, affirming sterility and
biocompatibility.

Mini bypass circuit and venous drainage

The integration of mini bypass circuits has
brought about transformative changes in
cardiac surgery, yielding improved patient
outcomes and refined surgical techniques.
Within this context, the role of venous
drainage has emerged as a pivotal factor in
ensuring effective perfusion during CPB
procedures.

Advanced venous cannulas tailored for mini
bypass circuits have demonstrated the
efficacy in optimizing venous drainage. These
cannulas are designed with specialized
attributes such as multiple drainage ports and
optimized shapes to facilitate unhindered
blood flow. By preventing stagnation and clot
formation within the cannula, these
innovations enhance the overall venous
drainage process, consequently reducing the
likelihood of complications during CPB [29].

Furthermore, the incorporation of venous
reservoirs in mini bypass circuits is notable.
These reservoirs serve as intermediate storage
for blood during CPB, designed to ensure
efficient venous drainage and mitigate the
risk of air emboli. Enhanced bubble trapping
mechanisms within these reservoirs offer an
added layer of patient safety, minimizing the
introduction of air into the circulatory system
and its potential adverse effects [30].

The implementation of VAVD systems within
mini bypass circuits represents a significant
stride in optimizing venous drainage during
CPB. VAVD has shown promise in

diminishing  blood trauma, reducing

hemodilution, and enhancing cardiac
performance during surgery [31].
Consequently, the integration of VAVD
contributes to maximizing venous drainage
efficiency, thereby improving patient
outcomes.

The benefits of mini bypass circuits extend
beyond enhanced venous drainage. Studies
underscore the potential in reducing blood
trauma-associated inflammatory responses.
Notably, these circuits have been linked to
decreased hemolysis, platelet activation, and
complement system activation. By supporting
smoother venous drainage, mini bypass
circuits have the potential to minimize the
deleterious effects on the patient's blood
components, ultimately culminating in
improved surgical outcomes [32].

However, challenges also accompany the
utilization of mini bypass circuits in relation
to venous drainage. The inherent
characteristics of mini circuits, including
smaller cannulae and tubing, may restrict the
amount of blood that can be effectively
drained. This could pose difficulties in
managing patients with high venous return
and potentially impact hemodynamic
stability. Reduced blood flow rates might also
compromise  surgical field visibility,
necessitating strategic collaboration between
surgeons and perfusionists to optimize

visualization techniques [33].

Another concern lies in the potential for
venous stasis due to reduced flow rates in
mini circuits. Venous stasis increases the risk
of clot formation and thromboembolic
events. Careful anticoagulation management
and maintaining adequate flow velocities are
essential to mitigate this risk. Additionally,
the compact size of mini bypass circuits may
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present challenges during cannulation,
particularly in cases of anatomical variations
or limited access. Proficiency in cannulation
techniques and comprehensive training are
vital to ensure secure and effective placement
of cannulae [34].

In pursuit of improved functionality and
safety, a study addressed the limitations of
mini CPB systems by developing a versatile
minimized system (VMS). This VMS
incorporated innovations such as a
compliance chamber for pressure fluctuation
reduction and bubble trapping. An open
venous reservoir, adjustable level detector,
and the potential for conversion to a vacuum-
assisted system underscored its adaptability.
By combining the advantages of mini circuits
with the flexibility of conventional CPB
systems, the VMS offers a means to effectively
respond to intraoperative complications [35].

Veno venous Dbypass for liver
transplantation

Veno-venous bypass (VVB) has been a
longstanding technique in liver

transplantation, evolving alongside
technological progress and changing surgical
practices. Notably, percutaneous techniques
have  gained  prominence, allowing
convenient access points such as the
saphenofemoral junction, axillary vein,
internal jugular vein, and femoral vein,

enhancing patient comfort and accessibility
[34].

The role of VVB has created debates within
the field. The advent of the piggyback
technique, preserving the recipient's
retrohepatic inferior vena cava, has led to a
decrease in routine VVB usage [36].

Nonetheless, controversy remains over its

necessity, with studies suggesting comparable
outcomes without routine VVB [38].

Alternative techniques, like utilizing a patent
para-umbilical vein for VVB, highlight the
adaptability of this approach in intricate
scenarios  [36,38]. Systematic  reviews
contribute to the discussion, comparing the
benefits and drawbacks of VVB versus no VVB

during liver transplantation [38].

Advancements in devices, exemplified by a
magnetic levitation based VVB device,
underscore the potential for technological
innovations to enhance efficacy and safety

[39].

Moreover, refining the weaning process of
VVB is crucial, as the piggyback technique's
popularity has altered its utilization. While
the routine use of VVB is questioned, its
selective benefits are explored. A review
examining femoral-to-jugular VVB
underscores the importance of tailored

approaches based on patient-specific factors
[40-42].

In summation, VVB's evolution in liver
transplantation is marked by percutaneous
techniques, changing surgical norms, and
technological innovations. The ongoing
debate regarding its routine use highlights
the need for individualized decisions,
considering patient characteristics and
advancements in devices. Comprehensive
research remains essential to define VVB's
indications and benefits in the dynamic
landscape of liver transplantation. Finally, in
VVB, venous drainage is vital for maintaining
blood flow. A venous bubble trap is used to
remove air bubbles on the access line,
preventing air embolisms and ensuring a safe
procedure.
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Extracorporeal membrane oxygenation

Extracorporeal = membrane  oxygenation
(ECMO) is a life-saving therapy employed in
critically ill patients facing severe respiratory
failure. Specifically, veno-venous ECMO (VV-
ECMO) has emerged as a vital variant,
wherein venous blood is drained, oxygenated,
and then returned to the venous system for
respiratory support. In-depth studies have
explored the outcomes, techniques,
complications, and considerations inherent
in VV-ECMO [43]. A systematic review by
Kim, et al., delved into large case series and
randomized trials to assess the outcomes and
complications of VV-ECMO in adults, noting
its increasing popularity in managing
refractory respiratory failure, including
pandemics such as the 2009 influenza and
novel coronavirus [44]. Banfi, et al., examined
cannulation techniques, highlighting VV-
ECMO's comprehensive support but also
underscoring potential risks like bleeding,
thromboembolism, and infection [45].
Recirculation issues within the venous system
were studied by Jonas, identifying cannula
positioning and cardiac output as influencing
factors [46]. Shaheen, et al., detailed
indications, preprocedural considerations,
and technique for placing VV-ECMO with a
dual-lumen, single-cannula catheter,
underscoring its role in refractory respiratory
failure [47]. A systematic review and meta-
analysis by Menaker, et al., sought to gauge
VV-ECMO's effect on mortality in acute
respiratory  distress syndrome (ARDS)
patients, scrutinizing its efficacy in severe
ARDS [48]. Trauma patient outcomes on VV-
ECMO  were

demographic attributes, injury severity, and

evaluated, illuminating

survival rates in adult trauma patients
undergoing VV-ECMO [49]. Tulman, et al.,

deliberated on the challenges, controversies,
and considerations encompassing VV-ECMO,
noting its evolving role as a rescue therapy for
acute respiratory distress syndrome [50].
Kang, et al.,, did a case report highlighting
veno-arterial-venous ECMO's application in a
critically ill patient with COVID-19,
showcasing its use in cardiopulmonary failure

[51].

In relation to Veno arterial ECMO (VA-
ECMO) a randomized, multicenter trial,
known as the EURO SHOCK trial, aims to
assess the use of veno-arterial ECMO in
patients with cardiogenic shock [52]. The
trial's design and rationale focus on
evaluating the potential benefits of this
intervention in improving patient outcomes.
Another study conducted a systematic review
on preclinical investigations of pulsatile veno-
arterial ECMO, aiming to overcome the
limitations associated with continuous-flow
devices [53]. This review highlights the
importance of considering alternative
techniques to enhance ECMO effectiveness.
Venous cannula size is a critical determinant
in VA ECMO, affecting the volume of blood
that can be effectively drained from the
patient. A larger cannula diameter facilitates
higher flow rates, which is particularly crucial
in cases of cardiogenic shock or severe
respiratory  failure. Appropriate sizing
prevents excessive suction, minimizing the
risk of vessel trauma, thrombosis, or
hemolysis. Moreover, it helps maintain the
desired oxygenation and hemodynamic
parameters, contributing to overall patient
stability. Cannula positioning is equally vital.
Ensuring optimal placement within the right
atrium or superior vena cava aids in efficient
drainage and reduces the risk of recirculation.
Inadequate positioning might lead to
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compromised blood flow and increased
oxygenator workload. Correct placement also
minimizes the potential for air entrainment,
which could result in embolic events or
reduced oxygen delivery. The choice of
venous cannula types of further influences VA
ECMO outcomes.

In summary Dual-lumen cannulas offer
simultaneous = venous  drainage and
oxygenated return, simplifying circuitry and
enhancing patient comfort. Single-lumen
cannulas are versatile and can be used for
both VA and VV ECMO, but that might

require additional circuit components.

The selection depends on patient-specific
needs, anatomical considerations, and the
intended level of support. Additionally, the
concept of hypovolemia in VA ECMO
warrants  attention.  Hypovolemia, or
insufficient circulating blood volume, can
lead to inadequate ECMO flow and

compromised organ perfusion.

Monitoring and maintaining  proper
circulating blood volume through fluid
cautious ECMO

management are paramount. Adequate

administration  and

perfusion pressure and flow must be
sustained to prevent ischemic organ damage.
Recent devices have incorporated built in
venous pressure and flow monitoring, which
is a great tool for measuring the patient’s
hypovolemic state. In addition, built in
venous temperature monitoring also helps to
maintain the patient’s required temperature

[54-58].
Ventricular assist device

Temporary Left Ventricular Assist Devices
(LVADs) and Right Ventricular Assist Devices
(RVADs) are pivotal in managing acute heart

failure. Proper venous cannula size and
positioning optimize drainage and function.
Adequate blood volume is crucial to prevent
hypovolemia-related  complications  for

optimal  performance and outcomes.
Ventricular Assist Devices technology has
evolved over time. LVADS such as the Impella
device are on the rise, as the Protek Duo

cannula (RVAD).

Salna, et al., explored this percutaneous dual-
lumen cannula post-LVAD implantation,
reporting favorable outcomes, suggesting its
potential role in refractory RV failure [59].
Septic shock often leads to RV failure and
poor fluid challenge response. The Protek duo
also showed promise in mitigating invasive
surgical interventions [60].

Saito, et al., demonstrated the effectiveness of
a temporary centrifugal RVAD in severe
biventricular failure [61], implying its value in
managing right heart failure. An interesting
case report presents a 72-year-old male with
severe isolated end-stage right heart failure
due to arrhythmogenic right ventricular
cardiomyopathy.

Despite medical optimization, persistent
symptoms and declining right ventricular
function necessitated a singular right
ventricular assist device (RVAD)
implantation. The HeartMate 3™-VAD was
chosen  for its  potentially lower
thromboembolic risk. Implantation into the
right atrium with outflow graft anastomosis
to the pulmonary artery was successful. Post-
implantation, the patient's condition
improved, highlighting the feasibility of
RVAD in isolated right heart failure as a last-
resort option [62]. In another study
addressing post-LVAD right ventricular
failure, authors propose a novel technique for
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temporary RVAD placement that improves
outcomes.

Unlike existing methods with delayed sternal
closure or femoral catheters, the approach
tunnels grafts from pulmonary artery and
right atrium through intercostal spaces,
allowing definitive chest closure. This
enhances mobility, early extubation, and
reduces reliance on vasoactives. Despite
leaving grafts in the chest, minimal risk is
argued due to required LVAD monitoring.

This strategy holds promise for better patient
outcomes by addressing right ventricular
failure without hindering recovery [63].
Venous drainage is essential in VADs, which
help pump blood and support failing hearts.

It collects oxygen-depleted blood from the
heart, allowing the VAD to assist in pumping
and reducing the heart's workload. Proper
venous drainage ensures stable circulation,
prevents complications like clot formation,
and is crucial for the success and safety of
VAD therapy in patients with severe heart
failure.

Future considerations for improved
artificial circulation in relation to venous
dynamics

Advanced cannula designs

The development of cannulae with improved
flow dynamics, such as streamlined shapes
and optimized drainage ports, can enhance
venous drainage efficiency while minimizing
the risk of stasis, clot formation, and
complications.

Patient-specific cannulation techniques

Tailoring cannulation approaches based on
individual  patient characteristics and

anatomy can optimize venous drainage while
minimizing the risk of injury, recirculation,
and other complications.

Real-time monitoring and feedback
systems

Incorporating advanced monitoring
technologies, such as ultrasonography, near-
infrared spectroscopy (NIRS), and real-time
hemodynamic monitoring, can provide
continuous feedback on venous drainage
performance and guide adjustments for

optimal outcomes.
Robot-assisted cannulation

The integration of robotic systems for precise
and controlled cannulation can improve the
accuracy of cannula placement and reduce
the risk of complications, leading to improved
venous drainage.

Smart reservoirs

Developing reservoirs equipped with sensors
and feedback mechanisms to monitor blood
flow rates, pressures, and potential air
entrainment can enhance the safety and
efficiency of venous drainage during various
applications.

Computational fluid dynamics (CFD)
simulations

Utilizing CFD simulations can aid in
optimizing cannula design and placement, as
well as wunderstanding flow patterns,
turbulence, and pressure changes to achieve
optimal venous drainage.

Biocompatible materials

Research into biocompatible materials for
cannula construction can reduce the risk of

thrombosis, clot formation, and
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inflammatory responses, thus improving
long-term venous drainage efficacy.

Hemodynamic modeling and prediction

Developing sophisticated hemodynamic
models and predictive algorithms can aid
perfusionists and clinicians in predicting
optimal drainage conditions, allowing for
proactive adjustments to ensure effective
venous drainage.

Minimally invasive techniques

Exploring minimally invasive approaches for
cannula placement and drainage can reduce
patient discomfort, enhance recovery, and
improve patient outcomes.

Training and education

Continuously improving training programs
and educational resources for perfusionists
and healthcare professionals involved in
artificial circulation procedures can ensure
consistent and competent management of
venous drainage techniques.

Collaboration between disciplines

Encouraging collaboration between cardiac
surgeons, perfusionists, engineers, and
researchers can lead to interdisciplinary
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Multi-modal imaging

Integrating various imaging modalities, such
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anatomy and aid in optimal cannula
placement.
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Conclusion

In conclusion, precise venous drainage is
critical during cardiac surgery and
extracorporeal life support.

Advanced cannula designs, personalized
techniques, real-time monitoring, and
interdisciplinary collaboration hold promise
for enhanced artificial circulation. Embracing
these innovations will elevate patient care
and surgical outcomes.

1. Ali SM, Ali Z], Abd MM. Design and Modeling of a Soft Artificial Heart by Using the Solid Works and ANSYS.
In IOP Conference Series: Materials Science and Engineering. IOP Publ. 2020;671(1):012062. CrossRef

2. Ismail A, Semien G, Miskolczi SY. Cardiopulmonary Bypass. In: StatPearls. Treasure Island (FL). StatPearls Publ.

2023. PubMed | CrossRef

3. Wilson A. Anatomy, Thorax, Coronary Sinus. StatPearls-NCBI Bookshelf. 2023.

Punjabi PP, Taylor KM. The Science and Practice of Cardiopulmonary Bypass: From Cross Circulation to ECMO
and SIRS. Glob Cardiol Sci Pract. 2013;2013(3):249-60. PubMed | CrossRef
5. Persichini R, Lai C, Teboul JL, Adda I, Guérin L, Monnet X. Venous Return and Mean Systemic Filling Pressure:

Physiology and Clinical Applications. Critical Care. 2022;26(1):1-1. PubMed | CrossRef
6. Tansey EA, Montgomery LE, Quinn JG, Roe SM, Johnson CD. Understanding Basic Vein Physiology and Venous

Blood Pressure Through Simple Physical Assessments. Adv Physiol Educ. 2019. PubMed | CrossRef

Butt SP | Volume 4; Issue 2 (2023) | Mapsci-JCCR-4(2)-080 | Research Article
Citation: Butt SP, Razzaq N, Saleem Y, Ashiq F, Kumar A, Ghori A, et al. Extracorporeal Circulation and Venous Hemodynamics: A
Literature Review on Physiological Foundations to Clinical Applications. ] Cardiol Cardiovasc Res. 2023;4(2):54-70.

DOL: https://doi.org/10.37191/Mapsci-JCCR-4(2)-080



doi:%20https://doi.org/10.37191/Mapsci-JCCR-4(2)-080
https://doi.org/10.1088/1757-899x/671/1/012062
https://pubmed.ncbi.nlm.nih.gov/29489210/
https://doi.org/10.1016/b978-0-443-18918-0.00012-7
https://pubmed.ncbi.nlm.nih.gov/24689026/
https://doi.org/10.5339/gcsp.2013.32
https://pubmed.ncbi.nlm.nih.gov/35610620/
https://doi.org/10.1186/s13054-022-04024-x
https://pubmed.ncbi.nlm.nih.gov/31408386/
https://doi.org/10.1152/advan.00182.2018

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Skytioti M, Sevik S, Elstad M. Respiratory Pump Maintains Cardiac Stroke Volume During Hypovolemia in
Young, Healthy Volunteers. ] Appl Physiol. 2018;124(5):1319-25. PubMed | CrossRef

Fois M, Maule SV, Giudici M, Valente M, Ridolfi L, Scarsoglio S. Cardiovascular Response to Posture Changes:
Multiscale Modeling and In Vivo Validation During Head-Up Tilt. Front Physiol. 2022;13:123. PubMed | CrossRef
Datt B, Pourmoghadam KK, Munro HM, DeCampli WM. Gravity Venous Drainage and The 3/8-Inch Venous
Line: What Would Poiseuille Do? ] Extra Corpor Technol. 2019;51(2):78. CrossRef

Narasaki S, Miyoshi H, Nakamura R, Sumii A, Watanabe T, Otsuki S, et al. Venous Cannula Occlusion During
Cardiopulmonary Bypass Recognized by Ultrasonography of the Internal Jugular Vein. JA Clin Rep. 2022;8(1):1-
4. PubMed | CrossRef

Pozzoli A, Torre T, Toto F, Theologou T, Ferrari E, Demertzis S. Percutaneous Venous Cannulation for Minimally

Invasive Cardiac Surgery: The Safest and Effective Technique Described Step-by-Step. Front Surg.
2022;22(9):828772. PubMed | CrossRef

Tovedal T, Jonsson O, Zemgulis V, Myrdal G, Thelin S, Lennmyr F. Venous Obstruction and Cerebral Perfusion
During Experimental Cardiopulmonary Bypass. Interact Cardiovasc Thorac Surg. 2010;11(5):561-6. PubMed |
CrossRef

Ceresa F, Mammana LF, Leonardi A, Palermo A, Patané F. Virtually Wall-Less versus Standard Thin-Wall
Venous Cannula in the Minimally Invasive Mitral Valve Surgery: Single-Center Experience. Medicina.
2023;59(7):1221. CrossRef

Bennett MJ, Hodgkiss S, Lloyd CT, Webb G. Can Venous Cannula Design Influence Venous Return and Negative
Pressure with a Minimally Invasive Extracorporeal Circulation? Int J Artif Organs. 2019;42(12):704-10. PubMed |
CrossRef

Goto T, Tanabe T, Inamura T, Shirota M, Fumoto K, Saito Y, et al. Effect of Inflow Cannula Side-Hole Number
on Drainage Flow Characteristics: Flow Dynamic Analysis Using Numerical Simulation. Perfusion.
2018;33(8):649-55. PubMed | CrossRef

Roberts A, Duncan EC, Hargrave P, Kingery DR, Barnes ], Horstemeyer DL, et al. Complications of

Cardiopulmonary Bypass from an Anesthesia Perspective: A Clinical Review. HCA Healthcare ] Med. 2023;4(1):3.
PubMed | CrossRef
Ameloot K, Genbrugge C, Meex I, Eertmans W, Jans F, De Deyne C, et al. Is Venous Congestion Associated with

Reduced Cerebral Oxygenation and Worse Neurological Outcome After Cardiac Arrest? Critical Care. 2016;20:1-
8. PubMed | CrossRef
Svenmarker S, Higgmark S, Ostman M, Holmgren A, Nislund U. Central Venous Oxygen Saturation During

Cardiopulmonary Bypass Predicts 3-Year Survival. Interact Cardiovasc Thorac Surg. 2013;16(1):21-6. PubMed |
CrossRef

Reagor JA, Gao Z, Tweddell JS. Spectrum Medical Quantum or Terumo CDI 500: Which Device Measures
Hemoglobin and Oxygen Saturation Most Accurately When Compared to a Benchtop Blood Analyzer? J Extra
Corpor Technol. 2021;53(3):181. PubMed | CrossRef

Osborne SC, Pregulman S. Response to James Reagor and Colleagues’ Article “Spectrum Medical Quantum or
Terumo CDI 500: Which Device Measures Hemoglobin and Oxygen Saturation Most Accurately When
Compared to a Benchtop Blood Analyzer?”. ] Extra Corpor Technol. 2022;54(2):161. PubMed | CrossRef

Benim AC, Frank T, Assmann A, Lichtenberg A, Akhyari P. Computational Investigation of Hemodynamics in
Hardshell Venous Reservoirs: A Comparative Study. Artif Organs. 2020;44(4):411-8. PubMed | CrossRef

Saczkowski R, Zulauf F, Spada S. An Evaluation of Hard-Shell Venous Reservoir Integrated Pressure Relief Valve
Pressure Mitigation Performance. Perfusion. 2022;37(1):37-45. PubMed | CrossRef

Aydin S, Cekmecelioglu D, Celik S, Yerli I, Kirali K. The Effect of Vacuum-Assisted Venous Drainage on
Hemolysis During Cardiopulmonary Bypass. Am ] Cardiovasc Dis. 2020;10(4):473. PubMed | CrossRef

Almany DK, Sistino JJ. Laboratory Evaluation of the Limitations of Positive Pressure Safety Valves on Hard-Shell
Venous Reservoirs. ] Extra Corpor Technol. 2002;34(2):115-7. PubMed | CrossRef

Carvalho Filho EB, Marson FA, Costa LN, Antunes N. Vacuum-Assisted Drainage in Cardiopulmonary Bypass:

Advantages and Disadvantages. Braz ] Cardiovasc Surg. 2014;29:266-71. PubMed | CrossRef

Butt SP | Volume 4; Issue 2 (2023) | Mapsci-JCCR-4(2)-080 | Research Article

Citation: Butt SP, Razzaq N, Saleem Y, Ashiq F, Kumar A, Ghori A, et al. Extracorporeal Circulation and Venous Hemodynamics: A
Literature Review on Physiological Foundations to Clinical Applications. ] Cardiol Cardiovasc Res. 2023;4(2):54-70.

DOL: https://doi.org/10.37191/Mapsci-JCCR-4(2)-080



doi:%20https://doi.org/10.37191/Mapsci-JCCR-4(2)-080
https://pubmed.ncbi.nlm.nih.gov/29494288/
https://doi.org/10.1152/japplphysiol.01009.2017
https://pubmed.ncbi.nlm.nih.gov/35250630/
https://doi.org/10.3389/fphys.2022.826989
https://doi.org/10.1051/ject/201951078
https://pubmed.ncbi.nlm.nih.gov/35412158/
https://doi.org/10.1186/s40981-022-00519-2
https://pubmed.ncbi.nlm.nih.gov/35392055/
https://doi.org/10.3389/fsurg.2022.828772
https://pubmed.ncbi.nlm.nih.gov/20696750/
https://doi.org/10.1510/icvts.2010.238535
https://doi.org/10.3390/medicina59071221
https://pubmed.ncbi.nlm.nih.gov/31190608/
https://doi.org/10.1177/0391398819854766
https://pubmed.ncbi.nlm.nih.gov/29956567/
https://doi.org/10.1177/0267659118782246
https://pubmed.ncbi.nlm.nih.gov/37426558/
https://doi.org/10.36518/2689-0216.1525
https://pubmed.ncbi.nlm.nih.gov/27179510/
https://doi.org/10.1186/s13054-016-1297-2
https://pubmed.ncbi.nlm.nih.gov/23065747/
https://doi.org/10.1093/icvts/ivs363
https://pubmed.ncbi.nlm.nih.gov/34658409/
https://doi.org/10.1051/ject/202153181
https://pubmed.ncbi.nlm.nih.gov/35928332/
https://doi.org/10.1051/ject/202254161
https://pubmed.ncbi.nlm.nih.gov/35928332/
https://doi.org/10.1111/aor.13593
https://pubmed.ncbi.nlm.nih.gov/33245009/
https://doi.org/10.1177/0267659120976278
https://pubmed.ncbi.nlm.nih.gov/33224598/
https://pubmed.ncbi.nlm.nih.gov/12139120/
https://doi.org/10.1051/ject/2002342115
https://pubmed.ncbi.nlm.nih.gov/25140478/
https://doi.org/10.5935/1678-9741.20140029

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37-

38.

39.

40.

41.

42.

43.

44.

45.

46.

Potger KC, McMillan D, Ambrose M. Microbubble Generation and Transmission of Medtronic’s Affinity
Hardshell Venous Reservoir and Collapsible Venous Reservoir Bag: An In-Vitro Comparison. ] Extra Corpor
Technol. 2011;43(3):115. PubMed | CrossRef

Shiiya N, Matsuzaki K, Kunihara T, Yasuda K. Use of A Soft Reservoir Bag in a Fully Heparin-Coated Closed-
Loop Cardiopulmonary Bypass system for Distal Aortic Perfusion During Aortic Surgery. J Artif Organs.
2005;8:85-90. PubMed | CrossRef

Tagaya M, Matsuda M, Ryugo M, Takasaki T, Kurita S, Handa H, et al. Is using an open-reservoir

cardiopulmonary bypass circuit after 6 days on standby safe? Interact Cardiovasc Thorac Surg. 2016;22(2):155-
60. PubMed | CrossRef

Albacker TB, Fouda M, Bakir BM, Eldemerdash A. The Effect of Using the Minimized Cardio-Pulmonary Bypass
Systems for Coronary Artery Bypass Grafting in Diabetic Patients. ] Cardiothorac Surg. 2021;16(1):1-7. PubMed |

CrossRef

Alsatli RA. Mini Cardiopulmonary Bypass: Anesthetic Considerations. Anesth Essays Res. 2012;6(1):10. PubMed
| CrossRef

Fernandes P, MacDonald J, Cleland A, Mayer R, Fox S, Kiaii B. The Use of a Mini Bypass Circuit for Minimally
Invasive Mitral Valve Surgery. Perfusion. 2009;24(3):163-8. PubMed | CrossRef

Vaughan P, Fenwick N, Kumar P. Assisted Venous Drainage on Cardiopulmonary Bypass for Minimally Invasive
Aortic Valve Replacement: Is It Necessary, Useful Or Desirable? Interact Cardiovasc Thorac Surg. 2010;10(6):868-
71. PubMed | CrossRef

Fernandes P, MacDonald J, Cleland A, Walsh G, Mayer R. What is Optimal Flow Using a Mini-Bypass System?
Perfusion. 2010;25(3):133-7. PubMed | CrossRef

Lapisatepun W, Lapisatepun W, Agopian V, Xia VW. Venovenous Bypass During Liver Transplantation: A New
Look at An Old Technique. Transplant Proc. Elsevier. 2020;52(3):905-909. PubMed | CrossRef

Ganushchak YM, Kérver EP, Yamamoto Y, Weerwind PW. Versatile Minimized System-A Step Towards Safe
Perfusion. Perfusion. 2016;31(4):295-9. CrossRef

Guarino G, Licitra G, Ghinolfi D, Desimone P, Forfori F, Bindi ML et al. Use of An Intraoperative Veno-Venous
Bypass During Liver Transplantation: An Observational, Single Center, Cohort Study. Minerva Anestesiol. 2022.
CrossRef

Salloum C, Lim C, Lahat E, Compagnon P, Azoulay D. The Veno-Venous Bypass in Liver Transplantation: An
Unfinished Product. Hepatobiliary Surg Nutr. 2016;5(3):269. PubMed | CrossRef

Fan SQ, Shi Y, Zhang S, Wang H, Kong DM, Ren J, et al. Preclinical evaluation of a veno-venous bypass device

for liver transplantation based on the principle of magnetic levitation drive. 2022;60(10):930-8.

Gurusamy KS, Koti R, Pamecha V, Davidson BR. Veno-Venous Bypass Versus None for Liver Transplantation.
Cochrane Database Syst Rev. 2011(3). PubMed | CrossRef

Fan SL, Shi Y, Zhang S, Wang H, Kong DJ, Ren JS, et al. Preclinical Evaluation of A Veno-Venous Bypass Device

for Liver Transplantation Based on The Principle of Magnetic Levitation Drive. Zhonghua wai ke za zhi. Chinese
J Surg. 2022;60(10):930-8. CrossRef

Kim HY, Ko JS, Joh ], Lee S, Kim GS. Weaning of veno-venous bypass in liver transplantation: a single center
experience. In Transplantation Proceedings. Elsevier. 2018;50(9):2657-2660. PubMed | CrossRef

Hoffmann K, Weigand MA, Hillebrand N, Biichler MW, Schmidt J, Schemmer P. Is Veno-Venous Bypass Still
Needed During Liver Transplantation? A Review of the Literature. Clin Transplant. 2009;23(1):1-8. CrossRef

Banfi C, Pozzi M, Siegenthaler N, Brunner ME, Tassaux D, Obadia JF, et al. Veno-Venous Extracorporeal
Membrane Oxygenation: Cannulation Techniques. ] Thorac Dis. 2016;8(12):3762-3773. PubMed | CrossRef

Kim JH, Pieri M, Landoni G, Scandroglio AM, Calabro MG, Fominskiy E, et al. Venovenous ECMO Treatment,
Outcomes, and Complications in Adults According to Large Case Series: A Systematic Review. Int J Artif Organs.
2021;44(7):481-488. PubMed | CrossRef

Andersson Lindholmson J. Cannulation for veno-venous extracorporeal membrane oxygenation. Journal of
Thoracic Disease. 2018 Mar 6;10. CrossRef

Shaheen A, Tanaka D, Cavarocchi NC, Hirose H. Veno-Venous Extracorporeal Membrane Oxygenation (VV
ECMO): Indications, Preprocedural Considerations, and Technique. ] Card Surg. 2016;31(4):248-52. PubMed |
CrossRef

Butt SP | Volume 4; Issue 2 (2023) | Mapsci-JCCR-4(2)-080 | Research Article

Citation: Butt SP, Razzaq N, Saleem Y, Ashiq F, Kumar A, Ghori A, et al. Extracorporeal Circulation and Venous Hemodynamics: A
Literature Review on Physiological Foundations to Clinical Applications. ] Cardiol Cardiovasc Res. 2023;4(2):54-70.

DOL: https://doi.org/10.37191/Mapsci-JCCR-4(2)-080



doi:%20https://doi.org/10.37191/Mapsci-JCCR-4(2)-080
https://pubmed.ncbi.nlm.nih.gov/22164449/
https://doi.org/10.1051/ject/201143115
https://pubmed.ncbi.nlm.nih.gov/16094511/
https://doi.org/10.1007/s10047-005-0282-3
https://pubmed.ncbi.nlm.nih.gov/26573764/
https://doi.org/10.1093/icvts/ivv302
https://pubmed.ncbi.nlm.nih.gov/34099011/
https://doi.org/10.1186/s13019-021-01551-6
https://pubmed.ncbi.nlm.nih.gov/25885494/
https://doi.org/10.4103/0259-1162.103364
https://pubmed.ncbi.nlm.nih.gov/19755463/
https://doi.org/10.1177/0267659109346662
https://pubmed.ncbi.nlm.nih.gov/20231309/
https://doi.org/10.1510/icvts.2009.230888
https://pubmed.ncbi.nlm.nih.gov/20442203/
https://doi.org/10.1177/0267659110371557
https://pubmed.ncbi.nlm.nih.gov/32113694/
https://doi.org/10.1016/j.transproceed.2020.01.048
https://doi.org/10.1177/0267659115604711
https://doi.org/10.23736/s0375-9393.22.15749-4
https://pubmed.ncbi.nlm.nih.gov/27275471/
https://doi.org/10.21037/hbsn.2016.02.03
https://pubmed.ncbi.nlm.nih.gov/21412907/
https://doi.org/10.1002/14651858.cd007712.pub2
https://doi.org/10.1164/rccm.202206-1104ed
https://pubmed.ncbi.nlm.nih.gov/30401371/
https://doi.org/10.1016/j.transproceed.2018.03.075
https://doi.org/10.1111/j.1399-0012.2008.00897.x
https://pubmed.ncbi.nlm.nih.gov/28149575/
https://doi.org/10.21037/jtd.2016.12.88
https://pubmed.ncbi.nlm.nih.gov/33259258/
https://doi.org/10.1177/0391398820975408
https://doi.org/10.21037/jtd.2018.03.101
https://pubmed.ncbi.nlm.nih.gov/26842109/
https://doi.org/10.1111/jocs.12690

47.

48.

49.

50.

5L

52.

53-

54.

55-

56.

57-

58.

59-

60.

61.

62.

63.

Munshi L, Walkey A, Goligher E, Pham T, Uleryk EM, Fan E. Venovenous Extracorporeal Membrane
Oxygenation for Acute Respiratory Distress Syndrome: A Systematic Review and Meta-Analysis. Lancet Respir
Med. 2019;7(2):163-172. PubMed | CrossRef

46. Menaker ], Tesoriero RB, Tabatabai A, Rabinowitz RP, Cornachione C, Lonergan T, et al. Veno-Venous
Extracorporeal Membrane Oxygenation (VV ECMO) for Acute Respiratory Failure Following Injury: Outcomes
in a High-Volume Adult Trauma Center with a Dedicated Unit for VV ECMO. World ] Surg. 2018;42(8):2398-
2403. PubMed | CrossRef

Menaker ], Rabinowitz RP, Tabatabai A, Tesoriero RB, Dolly K, Cornachione C, et al. Veno-Venous

Extracorporeal Membrane Oxygenation for Respiratory Failure: How Long Is Too Long? ASAIO J. 2019;65(2) :192-
196. PubMed | CrossRef

Tulman DB, Stawicki SP, Whitson BA, Gupta SC, Tripathi RS, Firstenberg MS, et al. Veno-Venous ECMO: A
Synopsis of Nine Key Potential Challenges, Considerations, and Controversies. BMC Anesthesiol. 2014;14:65.
PubMed | CrossRef

Byun JH, Kang DH, Kim JW, Kim SH, Moon SH, Yang JH, et al. Veno-Arterial-Venous Extracorporeal Membrane
Oxygenation in a Critically Ill Patient with Coronavirus Disease 2019. Medicina (Kaunas). 2020;56(10):510.
PubMed | CrossRef

Banning AS, Adriaenssens T, Berry C, Bogaerts K, Erglis A, Distelmaier K, et al. Veno-Arterial Extracorporeal

Membrane Oxygenation (ECMO) in Patients with Cardiogenic Shock: Rationale and Design of the Randomised,
Multicentre, Open-Label EURO SHOCK Trial. Eurolntervention. 2021;16(15):e1227-e1236. PubMed | CrossRef
Kanagarajan D, Heinsar S, Gandini L, Suen JY, Dau VT, Pauls ], et al. Preclinical Studies on Pulsatile Veno-

Arterial Extracorporeal Membrane Oxygenation: A Systematic Review. ASAIO J. 2023;69(5):e167-e180. PubMed
| CrossRef

Ius F, Sommer W, Tudorache I, Avsar M, Siemeni T, Salman ], et al. Veno-Veno-Arterial Extracorporeal
Membrane Oxygenation for Respiratory Failure with Severe Haemodynamic Impairment: Technique and Early
Outcomes. Interact Cardiovasc Thorac Surg. 2015;20(6):761-7. PubMed | CrossRef

Sohail S, Fan E, Foroutan F, Ross HJ, Billia F, Alba AC. Predictors of Mortality in Patients Treated with Veno-
Arterial ECMO for Cardiogenic Shock Complicating Acute Myocardial Infarction: A Systematic Review and

Meta-Analysis. ] Cardiovasc Transl Res. 2022;15(2):227-238. PubMed | CrossRef

Winiszewski H, Guinot PG, Schmidt M, Besch G, Piton G, Perrotti A, et al. Optimizing PO2 During Peripheral
Veno-Arterial ECMO: A Narrative Review. Critical Care. 2022;26(1):1-0. CrossRef

Guglin M, Zucker MJ, Bazan VM, Bozkurt B, El Banayosy A, Estep JD, et al. Venoarterial ECMO for Adults: JACC
Scientific Expert Panel. ] Am Coll Cardiol. 2019;73(6):698-716. PubMed | CrossRef

Le Gall A, Follin A, Cholley B, Mantz ], Aissaoui N, Pirracchio R. Veno-Arterial-ECMO in the Intensive Care
Unit: From Technical Aspects to Clinical Practice. Anaesth Crit Care Pain Med. 2018;37(3):259-268. PubMed |

CrossRef

Salna M, Garan AR, Kirtane AJ, Karmpaliotis D, Green P, Takayama H, et al. Novel Percutaneous Dual-Lumen
Cannula-Based Right Ventricular Assist Device Provides Effective Support for Refractory Right Ventricular
Failure After Left Ventricular Assist Device Implantation. Interact Cardiovasc Thorac Surg. 2020;30(4):499-506.
PubMed | CrossRef

Condello 1. Percutaneous Right Ventricular Assist Device, Rapid Employment in Right Ventricular Failure

During Septic Shock. Critical Care. 2020;24(1):674. CrossRef

Saito S, Sakaguchi T, Miyagawa S, Nishi H, Yoshikawa Y, Fukushima S, et al. Recovery of Right Heart Function
with Temporary Right Ventricular Assist Using a Centrifugal Pump in Patients with Severe Biventricular Failure.
J Heart Lung Transplant. 2012;31(8):858-64. PubMed | CrossRef

Ricklefs M, Hanke JS, Dogan G, Chatterjee A, Feldmann C, Deniz E, et al. Successful HeartMate 3 Implantation
in Isolated Right Heart Failure-First in Man Experience of Right Heart Configuration. ] Thorac Dis. 2018;10(Suppl
15):51834-51837. PubMed | CrossRef

Saeed D, Maxhera B, Kamiya H, Lichtenberg A, Albert A. Alternative Right Ventricular Assist Device
Implantation Technique for Patients with Perioperative Right Ventricular Failure. ] Thorac Cardiovasc Surg.

2015;149(3):927-32. PubMed | CrossRef

Butt SP | Volume 4; Issue 2 (2023) | Mapsci-JCCR-4(2)-080 | Research Article

Citation: Butt SP, Razzaq N, Saleem Y, Ashiq F, Kumar A, Ghori A, et al. Extracorporeal Circulation and Venous Hemodynamics: A
Literature Review on Physiological Foundations to Clinical Applications. ] Cardiol Cardiovasc Res. 2023;4(2):54-70.

DOL: https://doi.org/10.37191/Mapsci-JCCR-4(2)-080



doi:%20https://doi.org/10.37191/Mapsci-JCCR-4(2)-080
https://pubmed.ncbi.nlm.nih.gov/30642776/
https://doi.org/10.1016/s2213-2600(18)30452-1
https://pubmed.ncbi.nlm.nih.gov/29340723/
https://doi.org/10.1007/s00268-018-4480-6
https://pubmed.ncbi.nlm.nih.gov/29608490/
https://doi.org/10.1097/mat.0000000000000791
https://pubmed.ncbi.nlm.nih.gov/25110462/
https://doi.org/10.1186/1471-2253-14-65
https://pubmed.ncbi.nlm.nih.gov/33008007/
https://doi.org/10.3390/medicina56100510
https://pubmed.ncbi.nlm.nih.gov/33106225/
https://doi.org/10.4244/eij-d-20-01076
https://pubmed.ncbi.nlm.nih.gov/36976324/
https://doi.org/10.1097/mat.0000000000001922
https://pubmed.ncbi.nlm.nih.gov/25736272/
https://doi.org/10.1093/icvts/ivv035
https://pubmed.ncbi.nlm.nih.gov/34081255/
https://doi.org/10.1007/s12265-021-10140-w
https://doi.org/10.1186/s13054-022-04102-0
https://pubmed.ncbi.nlm.nih.gov/30765037/
https://doi.org/10.1016/j.jacc.2018.11.038
https://pubmed.ncbi.nlm.nih.gov/29033360/
https://doi.org/10.1016/j.accpm.2017.08.007
https://pubmed.ncbi.nlm.nih.gov/31986207/
https://doi.org/10.1093/icvts/ivz322
https://doi.org/10.1186/s13054-020-03413-4
https://pubmed.ncbi.nlm.nih.gov/22609185/
https://doi.org/10.1016/j.healun.2012.03.002
https://pubmed.ncbi.nlm.nih.gov/30034861/
https://doi.org/10.21037/jtd.2018.05.35
https://pubmed.ncbi.nlm.nih.gov/25433641/
https://doi.org/10.1016/j.jtcvs.2014.10.104

