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TECHNOLOGY
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Annexure- |

COURSE DETAILS

Particulars Description
Course Title Anatomy in perfusion technology
Course Code ANAO8
Topics and content 1. Introduction to respiratory and circulatory system
of the course in the 2. Introduction to life support equipments
3. Thoracic cage and intercostal space
Hand book 4. Surface anatomy of heart, lung and major blood
vessels
5. Anatomy of lung and pleura
6. Heart — external and internal features
7. pericardium
8. Magor blood vessels of heart
9. Kidney, ureter and urinary bladder — external and

internal features
10.cardiopulmonary perfusion
11.Risk to patient
12.Role of perfusionist
13. Application of Anatomy in perfusion technology

Advantages of | In-depth knowledge of Anatomy and its application
learning and
evaluation

Further  learning Functional anatomy
Opportunities
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Key Competencies | On successful completion of the course the students will

have skill in handling emergency procedures

Target Student 1% MBBS Students

Duration 30 hours, May- June 2018

Theory Session 22 hour

Practical Session 8 hour

Assessment Short answer question
Procedure

I ntr oduction

Open heart surgery is one of the most highly technical of all modern
medical techniques, and includes procedures such as coronary artery bypass
grafting, cardiac valve repair or replacement, correction of congenital defects,
resection of aneurysms, ablation of abnormal pathways of conduction, etc. It
relies on the coordinated interaction of a heart surgeon, an anesthesiol ogist,

several nurses and technicians, and a perfusionist.

The first successful open heart surgery was performed in Philadel phia
forty years ago by Dr. John Gibbon, Jr., whose wife, Mary, was his perfusionist.
This historical landmark came after two decades of laboratory exploration and
perfection of their extracorporeal circuit and its ability to sustain life. Perfusion,
the technology which has evolved from those groundbreaking discoveries,
controls, supports and maintains the circulation by application of extracorporeal

devices.

During open-heart surgery, perfusion (cardiopulmonary bypass - CPB)
supplements the functions of the heart and lungs to provide the surgeon with a
still, dry operating field. Today, this highly specialized role is performed by
individuals conversant in a variety of scientific modalities working in close
communication and cooperation with the surgeon. Perfusionists understand the
anatomy, pathology, and physiology of the patient, while administering

medications, anesthetics, blood, blood components and blood substitutes.
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Simultaneously, they operate a highly sophisticated electromechanical device to
substitute for the human heart and lungs. Today's perfusionists know and utilize
aspects of varied pursuits which include a functional comprehension of
machines and motors, electronics and electrical safety, plastics and
biocompatibility, drugs and pharmacology, blood and its components,
hemodynamics and fluid dynamics, hypothermia and hyperthermia, gas
exchange and metabolism, electrolytes and blood compatibility, anticoagulation

and anesthesia.

Cardipversion '.. 0ads
machine .. a fri, 0
. .:,E:A ‘ TN -,

Cardioversion

Gross Anatomy:

Thoracic cage
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The thoracic cage (human rib cage) is abony and cartilaginous structure
which surrounds the thoracic cavity and supports the pectoral girdle, forming a

core portion of the human skeleton.

True ribe
v terostemal

2 »‘ -
4 < .
- A - P . ..
Ny - .
g‘s Flanting rits
<7 (w) Antaricor view
v 5 -

I nter costal space and muscles

The intrinsic muscles of the chest wall are the intercostal muscles, subcostalis,
transversus thoracis, levatores costarum, serratus posterior superior and serratus
posterior inferior. The intercostal muscles occupy each of the intercostal spaces
and are named according to their surface relations, i.e. external, internal and
innermost. All except levatores costarum are innervated by the adjacent
intercostal nerves derived from the ventral rami of the thoracic spinal nerves,
levatores costarum are innervated by the dorsal rami of the thoracic spinal
nerves. The intrinsic muscles can elevate or depress the ribs, and are active

during respiration, particularly forced respiration: their primary action is
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believed to be to stiffen the chest wall, preventing paradoxical movement during

inspiration .

Posterior intercostal
membrane

Intercostal nerve

Intercostalis intimus

Internal intercostal
| areral cutanenus

External intercostal

Antcror intereusial

membrane

Internal thoracic vessels

Sternum

Pleura

The right and left pleural cavities are separate compartments on either side of
the mediastinum. Each encloses alung and its associated bronchial tree and
vessels, nerves and lymphatics. The walls are formed by a serous membrane,
the pleura, arranged as a closed sac.. The lungs do not fill this space in quiet
respiration, but move into recesses such as the costodiaphragmatic recess, which

separates the costal and diaphragmatic pleura, in deep breathing.
Lungs

The lungs are the essential organs of respiration. They are situated on either side
of the heart . Each lung is free in its pleural cavity, except for its attachment to
the heart and trachea at the hilum and pulmonary ligament respectively. The
adult right lung usually weighs 625 g, and the left 565 g, but the range of wet
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weights is considerable, not least because it reflects the amount of blood or

serous fluid contained within the lungs when weighed.
Pulmonary surface features

Each lung has an apex, base, three borders and two surfaces. In shape, each lung

approximates to half a cone.
Vascular supply and lymphatic drainage

The lungs have two functionally distinct circulatory pathways. The pulmonary
vessels convey deoxygenated blood to the aveolar walls and drain oxygenated
blood back to the left side of the heart, and the much smaller bronchial vessels,
which are derived from the systemic circulation, provide oxygenated blood to
lung tissues that do not have close access to atmospheric oxygen, i.e. those of

the bronchi and larger bronchioles.

Right principal bronchus- ~ ' = ; - Arch of acria

Right pulmonary artery

Left pulmonary arte
Right supericr lobar bronchus ks g

Ascending aorta
Right superior puimonary vein

Pulmonary trunk
Left supesior pulmorary vein

Right infesior pulmonary vein -Left inferar puimenary vein

L ocation of heart in thoracic cavity
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PERICARDIUM

The pericardium contains the heart and the juxtacardiac parts of its great

vessels. It consists of two components, the fibrous and the serosal pericardium.
Heart

The heart is a pair of valved muscular pumps combined in asingle organ (Fig.
56.2A-D). Although the fibromuscular framework and conduction tissues of
these pumps are structurally interwoven, each pump (the so-called ‘right' and
‘left' hearts) is physiologically separate, and is interposed in series at different
points in the double circulation. Despite this functional disposition in series, the

two pumps are usually described topographically in parallel.

Of the four cardiac chambers, the two atria receive venous blood as weakly

contractile reservoirs for final filling of the two ventricles, which then provide
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the powerful expulsive contraction that forces blood into the main arterial

trunks.
Cardiac size, shape and exter nal features

The heart is a hollow, fibromuscular organ of a somewhat conical or pyramidal
form, with a base, apex and a series of surfaces and ‘borders'. Enclosed in the
pericardium, it occupies the middle mediastinum between the lungs and their
pleural coverings (Fig. 56.1). It is placed obliquely behind the body of the
sternum and the adjoining costal cartilages and ribs. Approximately one-third of

the mass lies to the right of the midline.
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The right and left coronary arteries arise from the ascending aorta in its anterior

and left posterior sinuses. The levels of the coronary ostia are variable. The two

arteries, as indicated by their name, form an oblique inverted crown, in which

an anastomotic circle in the atrioventricular groove is connected by marginal

and interventricular (descending) loops intersecting at the cardiac apex. Thisis,

of course, only an approximation. The degree of anastomosis varies and is

usually insignificant. The main arteries and major branches are usually

subepicardial, but those in the atrioventricular and interventricular grooves are

often deeply sited, and occasionally hidden by overlapping myocardium or

embedded in it.
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The kidneys excrete the end products of metabolism and excess water. These
actions are essential for the control of concentrations of various substancesin
the body, maintaining electrolyte and water balance approximately constant in
the tissue fluids. The kidneys also have endocrine functions, producing and
releasing erythropoietin, which affects red blood cell formation; renin, which
influences blood pressure; 1,25-di-hydroxycholecalciferol (the metabolically
active form of vitamin D), which isinvolved in the control of calcium
absorption and mineral metabolism; and various other soluble factors with

metabolic actions.

In the fresh state, the kidneys are reddish-brown. They are situated posteriorly
behind the peritoneum on each side of the vertebral column and are surrounded
by adipose tissue. Superiorly they are level with the upper border of the 12th
thoracic vertebra, inferiorly with the third lumbar vertebra. The right is usually
dlightly inferior to the left, reflecting its relationship to the liver. The left isa
little longer and narrower than the right and lies nearer the median plane.The
long axis of each kidney is directed inferolaterally and the transverse axis
posteromedially, which means that the anterior and posterior aspects usually
described are in fact anterolateral and posteromedial. An appreciation of this

orientation is important in percutaneous and endo-urologic renal surgery.
Cardio pulmonary perfusion

Blood pumps propel the blood through the extracorporeal circuit and return it to
the total volume of blood in the circuit via suction. Usually, three pumps arc
used. The arterial pump returns oxygenated blood to the patient and may
operate at a flow rate of up to 6 L/ min, depending on the size of the patient. A
backup arterial pump is usually provided. The two other pumps in the system
are used to generate suction to return blood from the surgical site to the

cardiotomy reservoir. Since continuous operation is imperative, a backup
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battery pack as well as connection to the emergency power system are

necessary.

The oxygenator,* cardiotomy reservoir, arteria filter, and tubing are the
disposable components that form the extracorporeal blood circuit for the
perfusion. Blood taken from the venae cavae normally flows by gravity to the
venous side of the oxygenator where it is oxygenated and its temperature is
controlled. This blood flows through the defoamer of the oxygenator to the
arterial reservoir of the oxygenator. The arterial blood pump returns the blood to
the patient, and then may pass it through a blood line filter before it reaches the

patient.

A shunt is incorporated around the blood line filter to permit flow if the filter
must be changed. Blood at the surgical site is returned to the patient by suction
pumps. Intracardiac suckers return blood to the cardiotomy reservoir where it is
filtered and then drained or pumped to the venous side of the oxygenator. Blood
from the cardiotomy reservoir may be passed through an additional blood line
filter before it is returned to the oxygenator. The tubing set described is usually
specified by the perfusionist and made up as a sterile custom pack by the tubing

manufacturer
Risksto the patient

One of the greatest risks to the patient during cardiopulmonary bypassis
embolism-the inadvertent introduction of air (or other gas or particulate matter)
into the patient's circulation. Gross air emboli (1 mL or greater) in the arterial
circulation can cause serious injury and death. The effects of smaller emboli are

not fully understood

There are several patient and equipment variables that must be controlled and

monitored during perfusion. The temperature of the blood in the extracorporeal
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circuit is atered to produce hypothermia or normothermia in the patient's body.
A heat exchanger is normally incorporated in the oxygenator and water must be
delivered to the exchanger at a specified temperature. A mixer is used to
proportion the incoming hot and cold water to be delivered to the exchanger.
These mixers usually incorporate a thermometer to give temperature readings.
Oxygen, used to oxygenate the venous blood, may be delivered from tanks or a
central piped oxygen system. A flowmeter and bacteriologic filter are usually
incorporated into the oxygen circuit. The oxygen content of the blood may be
monitored by blood gas determinations from drawn samples or by using an in-
line differential oxygen monitor. Temperature monitors may be used, with
probes placed at various points on the patient and/or in the extracorporeal
circuit, and the temperature is displayed at the main console. Level detectors
may be used to monitor the blood in the oxygenator. These detectors may give
audible and visual alarms and may also stop the arterial blood pump if the blood
level in the oxygenator is low, in order to avoid pumping air into the patient, or
too high to prevent excessive blood in the exsanguinator. Pressure monitors
record left atrial, pulmonary artery, and systemic arterial pressures. These
monitors may be included in a central console or they may be attached to other

pressure monitoring equipment.
Therole of the perfusionist

The most important monitor for air or other matter in the extracorporeal circuit
that can cause emboli is the perfusionist. Cardiopulmonary perfusion is not a
straightforward, predictable, controlled procedure. Constant vigilance by the
perfusionist is required, and, if other responsibilities or activities distract the
perfusionist during the procedure, the risks to the patient are increased. Some
surgical personnel may wrongly assume that the perfusion equipment runs itself
once it is set up, and so may ask the perfusionist to perform other tasks during

surgery. Thisis avery dangerous practice, and should be avoided. There have

BIHER SLIMS



been many patient injuries or deaths because of operator inattention during the
procedure, improper connection of the equipment, or defective equipment. (The
arterial pump, operating at 6 LImin, can empty the oxygenator of 1000 cc of
blood in 10 seconds. During the short amount of time that the perfusionist may
turn away from the machine, air may be allowed to enter the system.] It is
possible that many of these incidents could have been prevented had the
equipment been thoroughly checked for integrity and proper connection, and

had the perfusionist continuously monitored the equipment during the procedure
Protocol

The protocols should describe the procedures for preparing, performing, and
concluding bypass. These policies should consider all aspects of the perfusion
and should be periodically reviewed and updated. As a minimum, they should
address: ¢ Responsibilities (who does what) ¢ Surgical protocols ¢ Anesthesia
protocols * The extracorporeal and cardioplegia circuits * Equipment selection
and use * Monitoring of coagulation activity. perfusion pressures and rates,
suction procedures. acid base balance, blood gases. and temperature In addition
to describing the conduct of normal perfusion, procedures should be described
for dealing with emergencies that arise during cardiopulmonary bypass. These
include, but are not limited to: * Air embolism ¢ Defective extracorporeal
component(s) ¢ Electrical power failure ¢ Inability to wean from bypass °
Altered hemodynamics * Excessive blood loss ¢ Blood damage ¢ Other clinical
manifestations There should also be protocols describing high risk equipment
and recommending supervision during their use. This equipment includes: °
Autotransfusion devices ¢ Defibrillators ¢ Intra-aortic balloon pumps *
Plasmapheresis equipment * Pacemakers Development and implementation of
these protocols will allow better communication and more effective responses
from the surgeon. perfusionist, and anesthesiologist during open-heart surgery

procedures.
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The perfusionist must have access to the perfusion setup and to information on
blood pressure and blood chemistry throughout the perfusion. The perfusion
setup and pressure monitoring equipment must be in the direct view of the
perfusionist. The perfusionist should be able to view the mean arterial and left
atrial pressures (value and waveform) while simultaneously viewing the
oxygenator, cardiotomy reservoir, arterial blood filter, and extracorporeal
tubing. Team perfusion may help prevent or minimize the severity of perfusion
problems. Information on blood clotting time and chemistry (pH and
electrolytes) and blood gases should be available on a"stat" basis (within 5
minutes). If this cannot be achieved using the hospital lab, the hospital should
consider purchasing blood gas equipment for the surgical suite. In some
hospitals, perfusionists maintain their own equipment. It is kept in the OR
between procedures, and may never be inspected by anyone other than the user.
Thisis not a safe practice. Care of cardiopulmo238 The Journal of Extra-
Corporeal Technology nary perfusion ~quipment should be part of the hospital's
equipment control program. If perfusion is provided by an outside contract
service, the hospital should make sure that the equipment is properly
maintained. As part of a preventive maintenance program, the following should
be considered: « Complete inventory of all equipment used in perfusion °
Initiation and documentation of inspection (including performance testing),
preventive maintenance, and repair of equipment used in perfusion ¢
Establishment of complete documentation for all equipment in the form of an
Equipment Control Record (ECR). This record should include equipment
history, operator's and service manuals, maintenance service and repair
information, and hazard and recall information.  All equipment maintenance
and repair data should be communicated between biomedical engineering and
the perfusion staff periodically to ensure proper preventive maintenance and
confidence in equipment performance. All vendor-provided services should be

carefully monitored.
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