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Abstract

Heart transplant has seen a significant progress the number of patients with heart failure qualifying for cardiac transplantation

is growing. Immunosuppressive agents have dramatically improved success of heart transplantation. Non-ischemic cardiomyopathy

has surpassed ischemic cardiomyopathy as need for transplantation. The use of bridge therapy with mechanical circulatory support

has improved both short-term and long-term survival of heart transplant recipients has gradually improved over time
Keywords: Heart Transplant; Non-Ischemic Cardiomyopathy; Mechanical Circulatory Assist

Introduction

Organ Transplantation in India under aegis of National Organi-
zation Tissue Transplantation Organization (NOTTO) setup under
Directorate General of Health Services established to oversee all
donation and transplantation activities. In this regard, the entire
country is having the following setup at National, Regional and
State Level.

National
Level (NOTTO)
Regional | poyypp | KEM o eME and| RGeH | GuWahat
Level Chandigarh Hospital R Kolkata | Chennai Medical
(ROTTO) § Mumbai College
State
Level
(SOTTO)

Table 1

The transplant registry for cardiac transplant is in the process of
making data from various hospitals show greater number of heart
transplant conducted in southern states of country showing Tamil
Nadu with highest number of cardiac transplants undertaken.

History of heart transplant [1-4]

The International Society for Heart and Lung Transplantation
(ISHLT) identifies 8 primary diagnoses for adult heart transplant
recipients. The most common primary diagnosis has shifted over
time from ischemic cardiomyopathy (ICM) to non-ICM (NICM),
with NICM now representing 49.2% of all heart transplant recipi-

Dr. Christiaan | 1°t successful adult heart transplant on Mr. Louis

Neethling Washkansky 3 December 1967 at Groote Schuur
Barnard hospital Cape town, South Africa

Caves and Transvenous endomyocardial biopsy for diagnosis
Colleagues |of immune rejection of heart transplant in 1970.

Immunosuppressive effects of cyclosporin A as
preventive strategy to cardiac rejection in 1976.

Jean Francois
Borel

Bruce Reitz
and Norman
Shumway

15t successful combined heart lung transplant [4].

Table 2

ents. Ischemic cardiomyopathy remains the most prevalent diag-
nosis in patients older than 59 years. This trend continues even
though older patients now represent an increasing proportion of
the transplant population.

Primary underlying diagnosis for Frequency
adult heart Transplant %
Non-Ischemic cardiomyopathy 49.2
Ischemic cardiomyopathy 34.6
Congenital heart disease 3.2
Retransplantation 3
Hypertrophic cardiomyopathy 3
Valvular cardiomyopathy 2.7
Other 1.1

Table 3
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Anaesthesia for heart transplant [5]

Heart transplant be considered for adults with the following
criteria;
¢  Cardiogenic shock with low probability of recovery as as-
sociated with volume overload/inability to wean ventila-
tion. Inability to wean temporary mechanical circulatory
support such as IABP, VAD and ECMO supported patients.
Inability to wean continuous inotropic support.

e NYHA Grade III-IV despite maximal medical and surgical
therapy in conditions like hypertrophic/restrictive cardio-
myopathy, complex congenital heart disease not amenable
to surgical or procedural intervention.
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e  Severe functional limitation secondary to underlying cardiac
condition with Peak oxygen consumption Peak VO2 below
12-14ml/kg/min or serial decline over time in context to

age, Six-minute walk test below 300 meters.

¢ Ischemic heart disease with Canadian Cardiac Society Class
[II/1IV refractory angina pectoris despite optimal medical,
surgical and interventional therapy.

e  Recurrent life-threatening ventricular arrhythmia despite

optimal medical, surgical and electrophysiological therapy.

e Localized cardiac tumor with low likelihood of metastasis.

Absolute Contraindication

Relative Contraindication

Systemic illness with a life expectancy <2yrs
despite heart transplant include the follow-
ing;

1. Active or recent solid organ or blood 2.
malignancy within 5 years.

2. AIDS with frequent opportunistic infec-
tion.

3. Systemic lupus erythematosus, sarcoid,
or amyloidosis that has multisystem

involvement and is still active. 6.
4. Irreversible renal or hepatic dysfunc- 7.

tion in patients considered for only

heart transplantation. 8.

warfarin.
5. Significant obstructive pulmonary dis-

ease (FEV1<1l/min) 9.

6. Fixed pulmonary hypertension with 10.
Pulmonary artery systolic pressure >60
mm Hg. Mean transpulmonary gradi-
ent >15 mm Hg. Pulmonary vascular
resistance >6 wood units.

Relative Contraindications;
1. Age>72years

Any active infection (with exception of device-related infection in ventricular as-
sist device recipients)

3. Active peptic ulcer disease.

4. Diabetes with end-organ damage

5. Severe peripheral vascular or cerebrovascular disease

Morbid obesity (BMI >35 kg/m2) or cachexia (BMI<18 kg/m2)

Serum creatinine>2.5 mg/dL or creatinine clearance less than 25ml/min.

Bilirubin >2.5 mg/dL, serum transaminases >3 times normal, or INR >1.5 off

Severe pulmonary dysfunction with FEV1 below 40%.

Active mental illness or psychosocial instability 11. Drug, tobacco, or alcohol
abuse within 6 months.

11. Recent pulmonary infarction within 6 to 8 weeks.

12. Irreversible neurologic or neuromuscular disorder.

Table 4

Diseases specific candidate selection [5]

Patient selection needs to be meticulously undertaken by iden-
tifying acute heart failure cases and managing critical issues prior
to undertaking transplant procedure. This requires dedicated team
work involving management of hemodynamics and intensifying
medical management. Identifying acute heart failure.

Diagnostic criteria
NYHA class III-1V.

Heart failure decompensation characterized by volume over-
load/reduced cardiac output.

Severe cardiac dysfunction with LVEF below 30% with pseudo

normal/restrictive mitral inflow pattern.
PCWP>16 or RAP>12 mmHg

BNP/NT Pro BNP rise in absence of noncardiac causes severely
impaired functional capacity with inability to exercise, six-minute
walk below 300 meter and Peak Vo2 less than 12-14ml/kg/min.

History of more than one heart failure hospitalization in past

six months.

Citation: Sandeep Kumar Kar and Pallav Mishra. “An Overview of Anesthesia Practices for Heart Transplant in India”. Acta Scientific Pharmaceutical

Sciences 3.12 (2019): .



An Overview of Anesthesia Practices for Heart Transplant in India

Clinical events suggesting acute Heart failure

¢  Heart failure more than two hospitalization in emergency

department in past 12 months.
e Progressive decline in renal function.
e  Cardiac cachexia.

e Intolerance to ACE inhibitors due to hypotension or wors-
ening renal failure.

* Intolerance to beta blocker due to hypotension.

e or worsening heart failure.

¢  Frequent Systolic blood pressure below 90mmHg.

e  Persistent dyspnea with dressing/bathing requiring rest.

¢ Inability to walk one block on level ground because of dys-
pnea or fatigue.

e  Escalation of diuretic to maintain euvolemic
¢ (furosemide more than 160mg/day or Metolazone use).
e  Frequent ICD shock.

e  Frequent hyponatremia below 133meq/ml.

Anesthetic management of donor heart [9-12]

Perioperative management of the heart transplant involves
recipient-donor cross matching for ABO compatibility and donor’s
cardiac history with the degree of hemodynamic compromise Elec-
trocardiography and echocardiography are mandatory. Coronary
angiography is recommended for male donors over 45 years and
females over 50 years. The heart retrieval team undertakes direct
visualization before donor cardiectomy occurs. The donor heart
size should be within 20%-30% of the recipient. Larger donor
heart is chosen in patients with elevated pulmonary vascular re-
sistance, the larger heart being better able to withstand the stress
of higher pulmonary afterload. The anaesthetic management of the
brain-dead donor is the maintenance of normovolaemia and nor-
mothermia to ensure organ perfusion. Avoidance of hypoxia using
high inspired oxygen concentrations and Positive End Expiratory
Pressure (PEEP) and maintaining adequate filling pressure. The
oxygen carrying capacity of the blood is maximized using red cell
transfusion if needed. Mean arterial pressure maintained around
80-90 mmHg with the help of vasopressor. The loss of central
thermoregulatory mechanisms may lead to hypothermia with re-
sultant arrhythmias. Ventilator management is critical as patients
frequently develop neurogenic pulmonary edema or acute respira-
tory distress syndrome (ARDS). Central diabetes insipidus typically
ensues leading to massive diuresis and electrolyte imbalances in

brain dead patients.
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Surgery involves a median sternotomy and pericardiotomy, sys-
temic heparinization is accomplished and the superior vena cava
is ligated. The aortic root is then cannulated for the administration
of cardioplegia. After ligation of the great veins, the heart is exsan-
guinated and decompressed. Following the infusion of cardioplegia
and cardiac arrest, the aorta is cross-clamped. Topical hypother-
mia by way of iced slush is sometimes applied to the heart. Donor
cardiectomy is then performed leaving remnants of the posterior
atrial walls, pulmonary veins and venae cava intact. Conventionally
accepted donor heart ischemic time ranges from 3 to 6 hours. Cold
ischemic time be minimized leading to innovations like the Trans
Medics Portable Warm Blood Perfusion System (Organ Care Sys-
tem, Trans Medics Corporation, Andover, MA) which is currently
under investigation in the United States. This system is designed
to keep the donor heart warm and beating, maintaining pulsatile
perfusion. Donor blood is used and the system provides blood oxy-
genation and flow from an internal gas supply and pulsatile pump-
ing system. This has the advantage of enabling resuscitation of the
donor organ, potentially improving its function and increasing the
amount of time that an organ can be maintained outside the body
in a condition suitable for transplantation by reducing time depen-
dent ischemic injury. This system has been approved for use in the

European Union since mid-2006.

Anaesthetic concerns for cardiac transplant recipient [13-15]

Heart transplant is considered an urgent or emergent surgery.
Timing of transplantation include the time of donor surgery and
organ transport, potential preoperative optimization of recipients,
adequate time for induction of anesthesia and line placement, and
appropriate recipient surgical timing to minimize ischemic time.
Communication between the harvesting team, recipient surgical
team and anesthesia team with each other to minimize delay at
any stage be undertaken. The use of mechanical circulatory assist
devices and prior knowledge is important as well as the antiar-
rhythmic devices their patency and sterility of monitoring and ac-
cess lines be undertaken. Antiarrhythmic devices should be inter-
rogated preoperatively and reprogrammed to a mode that will not

misinterpret electrocautery interference.

Implantable cardioverter defibrillators should have the defibril-

lators inactivated.

Magnets should be available, and the effects of a magnet should
be verified against each device. The antiarrhythmic devices in most
cases are removed during the surgery after the donor heart is suc-

cessfully transplanted. The preoperative evaluation should include
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an assessment of the patient’s coagulation status and risk of bleed-
ing. Laboratory studies should be reviewed; preoperative anemia,
thrombocytopenia, and an elevated international normalized ratio
are all associated with increased perioperative bleeding during
cardiac surgery. Redo sternotomies, which are common given the
increasing prevalence of ventricular assist devices, also increase
the risk of perioperative bleeding. Blood availability should be
there before incision. Large bore peripheral intravenous lines and
a central venous catheter should be accessible in case rapid trans-
fusion of blood products or fluids is required. There is significant
variability in intraoperative blood product requirements during
transplant. Multiple studies have shown that the duration of isch-
emic time has an adverse effect on survival. In an effort to minimize
ischemia, the induction of anesthesia and recipient surgical inci-
sion should preferably begin as soon as the harvesting team has
evaluated the donor heart and found it to be acceptable. Cardiopul-
monary bypass should be initiated and the heart excised as soon
as the donor heart arrives to the recipient hospital. The anesthesi-
ologist should communicate his or her anticipated time for induc-
tion and line placement with the surgical teams. Clear, closed-loop
communication with the transplant surgery team is imperative,
because the timing of immunosuppressant medications is crucial.
Coordination of care is key regarding timing for induction of an-
esthesia transplant recipient. Recent registry data demonstrated a
statistically significant increase in acute graft failure in 1-year and
5-year mortality rates with ischemic times longer than 210 min-
utes. Minimize organ ischemic time, with a target goal of less than
4 hours. We must also account for the fact that these patients often
have experienced multiple punctures of arteries and central veins.
Additionally, given the emergency basis of these procedures, it is
possible that patients may not be nil per oral and should be evalu-

ated for the need of rapid sequence intubation.

Pre-operative workup shall include [18-20]

¢  Preanesthetic workup covering patient disease history,

physical examination.

¢  Majority patients on vasopressors, inotropes or mechani-

cal circulatory assist device be ascertained.

e Antiarrhythmic device use ascertained and programmed

appropriately to avoid cautery interference.

e ICD should have the defibrillator inactivated and magnet

available.

¢ Diabetes with end-organ damage (other than non-prolifer-

ative retinopathy) or persistent poor glycemic control (gly-
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cosylated hemoglobin [HbA1c] 4 7.5% or 58 mmol/mol) despite

optimal effort is a relative contraindication for transplant.

Renal function should be assessed using estimated glomerular
filtration rate (eGFR) or creatinine clearance. Evidence of abnor-
mal renal function should prompt further investigation, including
renal ultrasonography, estimation of proteinuria and evaluation for
renal arterial disease to exclude intrinsic renal disease. It is rea-
sonable to consider the presence of irreversible renal dysfunction
(eGFR of 30 ml/min/1.73 m2) as a relative contraindication for

heart transplantation alone.

Pre-transplant body mass index (BMI) 35 kg/m?2 is associated
with a worse outcome after cardiac transplantation. For such obese
patients, it is reasonable to recommend weight loss before listing

for cardiac transplantation.

Clinically severe symptomatic cerebrovascular disease may be
considered a contraindication to transplantation. Peripheral vas-
cular disease may be considered a relative contraindication for
transplantation when its presence limits rehabilitation and revas-

cularization is not a viable option.

Tobacco use, substance abuse, and psychosocial evaluation in

candidates.

Assessment of frailty (3 of 5 possible symptoms, including un-
intentional weight loss of 10 pounds within the past year, muscle
loss, fatigue, slow walking speed, and low levels of physical activ-

ity) could be considered when assessing candidacy.

Psychosocial support as patient for whom social supports are
deemed insufficient to achieve compliant care in the outpatient
setting may be regarded as having a relative contraindication to
transplant. The benefit of transplant in patients with severe cog-
nitive-behavioral disabilities or dementia has not been established
with the potential for harm so cardiac transplant cannot be recom-
mended for this subgroup of patients.

e  Latest pulmonary function test.

o  Effort tolerance assessed by

e  6-minute walk test

e  Dobutamine Stress Echo

¢ Transthoracic Echocardiography (2D).

e  Right heart catheterization should be performed on all
adult candidates in preparation for listing for cardiac trans-

plantation and periodically until transplantation.
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e  Coronary Angiography depending on Trans thoracic Echocar-

diography finding.

¢ Antibiotic selection requires evaluation of the donor and re-
cipient’s infection patterns and forthcoming immunosuppres-

sants.

¢  Coagulation profile as many redo sternotomies can have sig-

nificant bleeding in light of existing ventricular assist device.

Disease specific consideration for cardiac transplant [5]

Restrictive cardiomyopathy patients with severe heart failure
symptoms (New York Heart Association Functional Classification
III-1V) should be referred for transplant evaluation. The patients
evaluated for transplant should undergo a complete diagnostic
workup to elucidate etiology (infiltrative forms vs idiopathic) and
to exclude constrictive pericarditis. The decision to list patient on
the cardiac transplant waiting list should take into consideration
specific prognostic indicators (the presence and degree of LV sys-
tolic dysfunction, atrial enlargement, pulmonary hypertension, and
a low cardiac output. The efficacy and safety of LVAD as a bridge
to transplant cannot be recommended as standard procedure. MCS
with an LVAD or a total artificial heart may be considered in highly
selected cases and at experienced centers (Class Ilb, Level of Evi-
dence: C).

Heart failure due to AL amyloidosis who are not candidates
for disease-specific therapies due to cardiovascular compromise
may be considered for transplant in experienced centers with es-
tablished collaborations between cardiovascular and hematology
teams. Autologous stem cells transplantation (ASCT) should be
planned as soon as clinically feasible after recovery from cardiac
transplant. Patients with transthyretin related (TTR) amyloidosis
involving the heart may be considered for cardiac transplant. Fa-
milial TTR cardiac amyloidosis patients should be considered for
combined heart and liver transplantation in experienced centers
with established collaboration between cardiology, hepatology,

and neurology teams.

Patients with severe heart failure and non-obstructive HCM not
otherwise amenable to other treatment interventions should be
considered for transplant. Particular attention should be given to

those patients with LV dilation and systolic dysfunction.

Selected HIV-positive candidates may be considered for trans-
plant if they have no active or prior opportunistic infections, are
clinically stable and compliant on combination antiretroviral ther-
apy (cART) for 43 months, have undetectable HIV RNA, and have

55

CD4 counts 4200 cells/pl for 43 months Transplant centers per-
forming heart transplantation in HIV-positive candidates should
have structured protocols with multidisciplinary teams, adequate
access to pharmacologic expertise, therapeutic drug monitoring
for immunosuppressants, and laboratory access to antiviral drug
resistance testing as needed. Candidates with a history of primary
central nervous system lymphoma and visceral Kaposi sarcoma
should not be considered for transplant. HIV-positive candidates
with other resolved neoplasms, including squamous cell carcino-
ma of the skin, anogenital carcinoma in situ and other solid organ
tumors considered cured may be considered after an appropriate

disease-free period.

All transplant candidates should be screened for latent tubercu-
losis (TB) infection (LTBI) with a tuberculin skin test (TST) and/or
interferon-y release assay (IGRA) where available a candidate has
had a recent exposure to TB, or chest X-ray shows old TB (and in-
adequate or no treatment), 3 consecutive early morning sputum or
bronchoalveolar lavage specimens should be obtained to exclude
active TB disease Candidates with a positive IGRA or TST 5- mm
induration should be treated pre-transplant with isoniazid, if tol-
erated. Candidates from a TB-endemic area with a positive IGRA
or TST 5-mm induration should have at least 1 other risk factor
(evidence of a recent seroconversion, evidence of old TB lung dis-
ease, history of untreated or inadequately treated TB, close contact
with a person with TB) before commencing isoniazid prophylaxis.
Add pyridoxine (25-50 mg/day) during isoniazid therapy to avoid
peripheral neurotoxicity. Treatment for LTBI should be for 6 to 9
months and should not interfere with the timing of transplantation.
Patients should commence treatment as soon as possible before
transplant and continue after transplant to compete a full course

of therapy.

In candidates with resolved or prior inactive HCV infection, HCV
RNA PCR testing should be performed at screening, at 3-month
intervals while listed, and repeated at the time of transplantation.
In candidates with resolved or prior inactive HBV infection, serol-
ogy and DNA viral load testing should be performed at screening,
at 3-month intervals while listed, and repeated at time of trans-
plantation. Complete viral HBV evaluation before transplantation
should also include HBeAg and HBeAB, HBcAB, immunoglobulin
G and M, and hepatitis delta virus (HDV) Ag, HDV AB, and serum
a-fetoprotein. In patients with chronic HCV infection, HCV geno-
type should be determined, and most patients will require a liver
biopsy before active listing. In patients with chronic HBV infection,

liver biopsy should be done in all patients to exclude severe dis-
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ease. In patients with chronic HCV or HBV infection, clinical, ra-
diologic or biochemical signs of cirrhosis, portal hypertension, or

hepatocellular carcinoma are contraindications to transplant.

Congenital heart disease transplant for CHD should only be
performed at centers with established medical and surgical experi-
ence in both adult CHD and transplantation. All candidates with
CHD should undergo detailed assessment of the position and anat-
omy of the abnormalities within the chest (via cardiac magnetic
resonance imaging or chest computed tomography) to guide the
surgical strategy, evaluation of PVR, and identification of all po-
tential sources of pulmonary flow, assessment of patency of ma-
jor veins and arteries and venous collaterals across the chest wall,
presence of chronic or previous infections, presence of disease in
organ systems that can affect post-transplant care and/ or cannot
be reversed with transplantation, qualitative and quantitative as-
sessment of anti-human leucocyte antigen (HLA) antibodies to
specific HLA antigens, and evaluation of the psychosocial milieu of
the patient and the patient’s family that may affect post-transplant
management. Transplant should be considered in certain anatomic
and physiologic conditions with or without associated ventricular
dysfunction. These conditions may include surgically uncorrect-
able severe stenosis or atresia in the proximal coronary arteries,
severe stenosis and/or insufficiency in systemic ventricular valves,
severe arterial oxygen desaturation from a cardiac cause, persis-
tent protein-losing enteropathy and/or plastic bronchitis associ-
ated with CHD despite optimal medical-surgical therapy, and pul-
monary hypertension with the potential risk of developing fixed,
irreversible elevation of PVR that could preclude transplant in the
future. Transplant alone should not be performed in patients with
severe, irreversible disease in other organ systems or when it is
part of a severe, irreversible multisystemic disease process. In such
cases, multiorgan transplantation may be considered. Transplant
alone should not be performed in the presence of severe hypopla-
sia of the central branch pulmonary arteries or pulmonary veins or
as routine primary therapy for any specific congenital heart lesion

before attempted or considered surgical repair.

Intraoperative monitoring and induction [36-40]

Essential monitors

Standard American Society of Anesthesiologists monitors, in-
cluding pulse oximetry (bilateral), noninvasive blood pressure
monitor, 5-lead electrocardiography, and gas analysis should be
established before induction of anesthesia. Additional monitors
include invasive arterial blood pressure (ideally before induc-
tion), central venous pressure, large-bore intravenous access, PA
catheter, and transesophageal echocardiogram. Femoral arte-

rial catheter is placed in addition to a radial arterial catheter for
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congruence and also as a backup monitoring line during surgery.
Aseptic techniques should be maintained during line placement
and throughout the case to minimize the risk of line-associated in-
fections arterial lines may be more difficult to place by palpation in
patients with LVADs thus ultrasound equipment should be readily
available. A central line is required for inotrope and vasopressor
administration, monitoring, and for volume administration. Many
anesthesiologists prefer to place a PA catheter before induction to
help guide their hemodynamic management during induction. Giv-
en the significantly higher incidence of intraoperative awareness
for patients undergoing cardiopulmonary bypass use of processed
electroencephalogram technologies may be beneficial. Cerebral
oximetry has also demonstrated utility for patients undergoing
cardiac surgery however, further research in this area is needed.
Placement of a PA catheter is useful to assess pulmonary artery
pressures and assess right-sided cardiac output in both the operat-
ing room and the intensive care unit. However, successful position-
ing of the PA catheter can be difficult secondary to right ventricle
(RV) dilation, tricuspid regurgitation, and frequent arrhythmias.
Additionally, the utilization of PA catheter has decreased secondary
to associated complications from placement, inaccuracy of derived
hemodynamic values, and inconsistencies with data interpretation.
It is important to note that continuous cardiac output monitoring
from a PA catheter averages data from the past 5 to 15 minutes.
Average in vivo time delays associated with sudden changes in CO
of critically ill patients were reported to be 9.3, 10.5, and 11.8 min-
utes for a 50%, 75%, and 90% response, respectively. Despite these
limitations, the ability to continuously assess PA pressures is often

crucial for intraoperative and postoperative management.

Additional monitors as per institutional protocol
¢  BIS guided depth anesthesia
e  Transcutaneous cerebral oximetry
¢ Near InfraRed Spectrophotometry.
¢  Mixed venous oximetry
e  Continuous cardiac output Monitoring.

e  Continuous ABG monitoring.

TEE Role in Cardiac transplant

The use of transesophageal echocardiography (TEE) for all
patients undergoing cardiac transplant has been suggested and
it currently has a class Il indication by the American Society of
Echocardiography. TEE is invaluable in assessing ventricular func-
tion, contractility, volume status and the detection of intracardiac
thrombi. TEE is used before bypass to assess biventricular func-
tion, contractility, volume status, pleural effusions, aortic athero-
sclerosis, and the detection of intracardiac thrombosis as well as

aortic atherosclerosis in the pre-bypass period. TEE is crucial to
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facilitate separation from CPB. Particular concerns during separa-

tion include evaluation of intracardiac air, ventricular function (RV

function), valvular function, and absence of intracardiac shunts.

TEE guidance also allows for early detection of hemodynamic com-

promise and facilitates rapid therapeutic intervention to maintain

hemodynamic stability

Induction anaesthsia

Risk for cardio-respiratory collapse is high. The induction
sequence is of critical importance as these patients are
highly dependent on endogenous sympathetic drive and
anesthetic agents, which ablates the latter combined with
drug-induced reductions in heart rate inotropic function,
and preload can produce sudden cardiovascular collapse
so Surgeon/perfusionist must be present for urgent ster-
notomy and CPB initiation.

External defibrillator pads

Hemodynamic goals

Adequate preload

Maintain elevated systemic vascular resistance.
Adequate heart rate to maintain cardiac output.

Induction results in decreased contractility, increased ve-
nous capacitance, and decreased vascular tone. Continu-
ation of all preoperative inotropes and vasoconstrictive
agents is essential. Patients with end-stage heart failure
have down regulation of the beta-adrenergic receptors and
will require potentially higher doses of beta-agonist inotro-

pes.

Reduced cardiovascular function entails early use of pres-
sor and inotropes like epinephrine, norepinephrine, or do-
butamine. Vasopressin increases systemic vascular resis-

tance with less impact on pulmonary vascular resistance.

Immediate availability of blood and blood products is es-

sential.

CMV status of the donor and of the recipient is needed to
determine whether CMV-negative packed red blood cells
should be ordered. Additionally, patients with ventricular
assist devices should be placed on a higher risk for post-

bypass bleeding.

Mechanical ventilation be initiated with a high inspiratory
oxygen concentration and small inspiratory tidal volumes
(6 mL/kg) with optimal PEEP to maintain functional resid-
ual capacity utilizing intraoperative spirometry. Ventilatory
management should be focused on its effects on pulmonary

vascular resistance and right ventricle function.
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Alveolar hypoxia and hypercarbia are potent pulmonary vaso-

constrictors, whereas hypocarbia is a pulmonary vasodilator.

Pre-bypass period

Maintenance of anesthesia involves inhalational agents
along with moderate doses of opioids. Antifibrinolytic
therapy should be started before cardiopulmonary bypass
in most cases.

Specific antibiotics and immunosuppressive agents should
be given before incision as per institutional protocol.
Heparin is administered before aortic cannulation.

Before superior vena cava cannulation, the PA catheter
should be withdrawn from the heart into the superior vena
cava.

Cardiac transplant surgery is performed through a median
sternotomy incision, using CPB in much the same way as
other common cardiac surgical procedures.

Cannulation of the aorta is often higher in the aortic arch
than traditional cardiac surgery and is followed by indi-

vidual cannulation of the superior and inferior vena cava.

Surgical phases

Orthotropic cardiac transplant has 3 surgical approaches;

1.

Biatrial approach involves four major anastomoses of the
procedure are the left and right atrial anastomoses and the

end-to-end aortic and pulmonary anastomoses.

Bicaval method involves five areas of anastomoses, includ-
ing the left atrial cuff, superior vena cava and inferior vena
cava, PA, and aorta. The right atrium of the recipient is ex-
cised leaving behind a 2-3 cm cuff around each cava (ca-
voatrial cuff). The left atrial excision removes the left atrial
appendage leaving a small cuff around the 4 pulmonary
veins. The donor left atrium is sutured to the recipient left
atrium before the inferior vena cava and the superior vena
cava are sutured to the recipient cavoatrial cuff. The biggest
advantages of this technique are lower incidence of tricus-

pid regurgitation and conduction disturbances.

Total transplantation technique involves total transplanta-

tion with 8 anastomoses sites and is rarely used.

Heterotopic transplantation is usually indicated in situ-
ations characterized by gross disparity in size between
donor and recipient hearts and irreversible pulmonary hy-
pertension and involves end-to-side aortic and pulmonary

anastomoses and biatrial connections.
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Weaning from cardiopulmonary bypass

Protocolized review should be performed to prepare for sepa-
ration from CPB. The patient should be warm (>35.5C), have ad-
equate level of sedation, ventilation should be initiated with veri-
fication of bilateral lung expansion, arterial blood gas should be
reviewed, and electrolytes should be corrected. Identification of
vascular resistance can be estimated by mean arterial pressure
(MAP) on full-flow CPB and vasoconstrictive agents should be con-
sidered for MAP less than 60 mm Hg. Initial TEE evaluation should
focus on retention of air in area of anastomosis as well as along the
left ventricular (LV) apex. After cross clamp removal, direct-acting
inotropic agents should be started, given the absence of reflex-
mediated heart rate responses. Standard deairing maneuvers are
performed; at the author’s institution routinely, methylpredniso-
lone 1g prior to cross clamp release. Following removal of the cross
clamp, some electromechanical activity usually ensues. Rewarm-
ing is completed in the usual fashion and the weaning process is
begun. Choice of inotrope varies from one institution to the other;
some groups advocate the routine use of isoproterenol in doses
ranging from 0.005 to 0.05 ug/kg/min to ensure an adequate heart
rate and contractility, and some others employ dobutamine 5-15
ug/kg/min. Some patients may need temporary epicardial pacing
to wean from bypass and into the immediate postoperative period,
indeed long-term transvenous pacing is not uncommon in heart
transplant recipients owing to loss of sinus node function. Right
ventricular failure or dysfunction is the most common etiology of
failure to wean from CPB, heralded by mean PA pressures often
greater than 25-30 mmHg. Management of this situation involves
maintaining adequate oxygenation and ventilation, avoiding acido-
sis, hypercarbia, hypothermia and the use of appropriate pulmo-
nary vasodilators (prostaglandin E1, nitric oxide, nitroglycerine,
sodium nitroprusside) and inotropes that support the right ventri-
cle (dobutamine and milrinone), Failure to respond to these mea-
sures might indicates the need for mechanical right heart support.
[18] Aggressive measures to reduce pulmonary vascular resistance
are essential. Use of chronotropic agents, such as isoproterenol is
more common compared with other CPB procedures. Use of atrial
and ventricular pacing also is not uncommon, with 4% to 12% of
patients requiring a permanent pacemaker from loss of sinus node
function.41 During weaning from CPB, volume within the heart
should be restored slowly and the PA catheter should be reposi-
tioned. Of particular concern for the HT recipient is the PVR and RV
function. The transplanted heart should be carefully loaded with
close monitoring of RV function and PA pressures given that the
naive RV can acutely fail when exposed to pressures higher than 45
mm Hg.41 To reduce stress on RV function, one must minimize PVR
and improve inotropy. Ventilation strategies described previously

to reduce PVR should be reinitiated. Beta-adrenergic agents, such
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as epinephrine (0.05-0.4 mg/kg per minute). or dobutamine (3-8
mg/kg per minute), should be initiated to improve inotropy. Phos-
phodiesterase inhibitors, such as milrinone, are common medica-
tions used to decrease PVR and improve contractility, but these also
before separation from bypass, a full TEE evaluation should be per-
formed. Specific areas of interest include the following: 1. Evalua-
tion of RV size and function 2. Evaluation of tricuspid regurgitation
3. Evaluation for turbulent flow across anastomoses sites 4. Atrial
sizes 5. LV size and function 6. Mitral regurgitation 7. Presence of

pericardial effusions 8. Diastolic function.

Transplanted Heart physiology [41-46]

The newly transplanted heart needs appropriate filling pres-
sures, being completely preload dependent. However, one must be
vigilant to avoid high central venous pressures and right ventricu-
lar over distension. Meticulous attention is paid to the maintenance
of adequate oxygenation and ventilation, intravascular volume,
pulmonary and systemic pressures, normothermia and coagula-
tion. Appropriate antirejection and immunosuppressive regimens
are instituted (typically prednisone, tacrolimus, azathioprine and
cyclosporine combinations). Most patients are maintained on ino-
tropic and chronotropic support for 36-72 hours. Extubation is
typically achieved when haemodynamics is stable and bleeding
is no longer a risk. Inotropic support is withdrawn gradually, and
invasive monitoring is removed; chest tubes are usually taken out
after 24 hours. Cardiac denervation is an inevitable consequence,
as the cardiac plexus is divided in the donor, resulting in a dener-
vated donor heart. The atrial remnant of the recipient remains in-
nervated, but no impulses will cross the suture line. As a result, the
donor atrium is responsible for heart rate generation. The trans-
planted heart has a higher intrinsic rate and reduced rate variabil-
ity. Resting heart rates range from 90 to 110 beats per minute. Nor-
mal responses to changes in position like orthostatic changes, are
lost as are the variations in response to stimuli such as the Valsalva
maneuver, carotid sinus massage as well as normal responses to
laryngoscopy and intubation. This has obvious implications for the
anesthesiologist. Intrinsic functions such as cardiac impulse for-
mation and conduction are intact. The Frank-Starling mechanism
is also intact. In the innervated heart, the normal acute response
to a sudden reduction in intravascular volume is a simultaneous
increase in both heart rate and contractility. In the denervated
heart, however, the initial response via the Frank-Starling mecha-
nism is an increase in stroke volume dependent on an adequate
left ventricular end diastolic volume. The increased contractility
secondary to heart rate is a secondary effect and is dependent on
circulating catecholamines. The transplanted heart is, therefore,
critically preload dependent; higher filling pressures are needed,

and this has to be kept in mind before the induction of general and
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regional anesthesia. In terms of altered drug effects, it is now well
known that drugs or maneuvers that act via autonomic nerve fi-
bres are ineffective in the transplanted heart. Vagolytic agents such
as pancuronium, atropine and glycopyrrolate have no effects on
heart rate and may have undesirable effects in heart transplant
recipients. The response to anticholinesterases is unpredictable.
The heart retains its responsiveness to direct acting agents such as
isoproterenol, epinephrine, norepinephrine, dopamine and dobu-
tamine. Other features noted in the transplanted heart include mild

to moderate mitral and tricuspid regurgitation.

Postoperative cardiac transplant issues [17,18,23-27]

Often the transplanted donor heart systolic function is very
good for both the LV and RV; however, this may worsen over the
next 12 hours depending on several factors, such as total isch-
emic time, donor LV wall thickness, or acute rejection the right
heart function may worsen in minutes depending on, for example,
preexisting pulmonary hypertension, pulmonary edema, volume
overload, or protamine reaction. Any pathologic increase in right
ventricular after load can be detrimental to an unconditioned heart
causing decreased right-sided cardiac output with dilation of the

RV, increasing tricuspid regurgitation, and an under filled LV.

Complications in the early postoperative period include hyper-
acute and acute rejection, pulmonary and systemic hypertension,
cardiac arrhythmias, respiratory failure, renal failure and infec-
tion in the immunocompromised patient. Early rejection is divided
into acute and hyperacute based on pathology. Acute rejection oc-
curs within the first 6 months after transplantation. It manifests
as general dysfunction from low cardiac output to arrhythmias
and is caused by the recipient’s immune response to the foreign
tissue. Testing includes taking serial endomyocardial biopsies of
the transplanted heart, invasive monitoring, and frequent echocar-
diography. Treatment entails more aggressive immunosuppression
therapy. Hyperacute rejection occurs within minutes to hours and
is rare. Preformed recipient antibodies to HLA class I on the vascu-
lar endothelium of the heart cause complement activation and fixa-
tion leading to cell death, thrombosis, ischemia, and heart failure.
The only chance for survival is mechanical support until another
heart can be transplanted. Primary graft failure is defined by most
as single or biventricular dysfunction within the first 24 hours af-
ter transplantation manifesting as severe hemodynamic instability
requiring 2 or more inotropes or mechanical support. It is the most
common cause of early mortality in the first 30 days after trans-
plantation. The etiology is thought to be from ischemia reperfusion
injury with myocardial stunning. Some factors that contribute are

increasing age of donor, donor heart dysfunction, increased isch-
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emic time, donor-recipient size mismatch, and recipient factors,
such as pulmonary hypertension. Treatment is supportive with
inotropic and/or mechanical agents until the heart recovers. The
major limiting factor in the long-term outcome after heart trans-
plantation has been allograft coronary artery disease to the extent
that it is the major cause of death after the first year. Its incidence
ranges from 10%-20% at 1 year and has been found to be as high
as 50% by 5 years post-transplant. This transplant vasculopathy
is an insidious process and has been well characterized [19]. In
contrast to non-transplant related arteriosclerosis, it is usually dif-
fuse and involves the vessel circumferentially and has no particular
predilection for specific vasculature. It is considered to be a pan
vasculopathy. The exact immunomechanisms of graft arteriopathy
are poorly understood. Some of the factors that predispose to al-
lograft coronary artery disease (CAD) are speculated to be older
donor age, male sex, hypertension in the donor, hypertension in the
recipient, African-American recipient, immunosuppression and
CMV infection. Overall survival has improved over the past 40 years
climbing from a 5-year survival rate of 70% in the early 1990s to
77% in 2004. Post-transplant renal dysfunction is common and is
primarily the result of cyclosporine nephrotoxicity. Hypertension
is common, occurring in approximately two-thirds of all cardiac
transplant recipients, attributed to the use of cyclosporine and cor-
ticosteroids both mainstays of immunosuppressive therapy. Chron-
ic immunosuppression is associated with an increased incidence of
malignant neoplastic disease. It has been estimated that transplant
recipients have a 100 times greater risk for developing cancer than
the general population. Cancers seen in the heart-transplant recipi-
ent include those of the skin as well as posttransplant lymphopro-

liferative disorders.

Newer dimensions in cardiac transplant [22,47-49]
Xenotransplantation this refers to the use of organs from other
species, specifically porcine and non-human primate hearts. This
offers a theoretical alternative to allograft transplantation, but is
limited by multiple issues such as the immune responses to xeno-
graft antigens as well as complex ethical and societal dilemmas.
‘Cardiac Reduction:’ This procedure introduced by Batista, involves
reducing the size of the left ventricle by removing a portion of it,
usually the lateral wall on the theoretical premise that wall tension
will be reduced in a smaller chamber and that reducing the mass
to diameter ratio of the heart improves pump function. Part of this
procedure involves mitral valve repair, which improves the mitral
regurgitation associated with severe dilated cardiomyopathy. How-
ever, much of the evidence over the past decade has indicated lack
of success with this procedure. This procedure was introduced as

a potentially promising therapy for patients with dilated cardio-
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myopathy and congestive heart failure, but multiple studies have
shown that the reduction in left ventricular volume is insufficient
to restore adequate function, clinical results have been disappoint-
ing with event free survival being poor at 2 years. Dynamic cardio-
myoplasty this entails the use of the latissimus dorsi muscle that
is mobilized and wrapped around both ventricles and connected
to a pacing device, which causes the muscle to contract synchro-
nously with the heart. Long-term results of this procedure have
been limited by high incidences of sudden cardiac death and by the
decrease in the power production of the skeletal muscle graft with
time. Comparative studies have failed to demonstrate any survival
improvement against medical therapy. Experimental techniques
include the use of fetal myoblast cells to replace injured myocardi-

um as well as the use of endothelial and fibroblast growth factors.

Conclusions

Heart transplantation is fraught with multiple risk and chal-
lenges faced at various levels beginning from donor management
until in vivo recipient transplantation. The meticulous care and
commitment of a heart transplant team can achieve what has been
considered a challenge and a near impossible feat. This article sim-
ply tries to highlight the checks and precautions one needs to keep
in mind while undertaking cardiac transplant.
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