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Lung transplantation is a complex treatment for
select patients with a diverse array of end-stage
pulmonary diseases. The number of lung transplanta-
tions is progressively increasing worldwide, and in the
last 5 yr, more than 4,000 were performed annually.'
Improvements in donor management, organ preser-
vation, recipient selection, antimicrobial prophylaxis,
and immunosuppressive medications have resulted in
durable and steady improvements in lung transplant
outcomes. Survival of lung transplantation recipients,
although lower than in other solid organ transplants, is
currently at 60% at 5 yr.?

The expansion of lung transplantation provides new
challenges in the perioperative management of the recip-
ients in the intensive care unit (ICU). First, the number
of lung transplantation centers and the number of admis-
sions to the ICU posttransplant is increasing. Second, the
increase of older lung transplantation recipients and those
with associated comorbidities will undoubtedly increase the
perioperative risk.’ Third, severe primary graft dysfunction
still occurs in up to 20 to 30% of the lung transplantation
recipients, affecting outcome.**> A complex interplay of
unique pathophysiologic conditions and risk factors attrib-
utable to the characteristics of the donor, the recipient, and
the interaction between them (fig. 1) affects the periopera-
tive outcome of the lung transplantation. Thus, knowledge
of these specific issues is fundamental to properly care for
these patients, especially for those who require prolonged
life support.

Deborah J. Culley, M.D., Editor

ABSTRACT

The number of lung transplantations is progressively increasing worldwide,
providing new challenges to interprofessional teams and the intensive care
units. The outcome of lung transplantation recipients is critically affected by
a complex interplay of particular pathophysiologic conditions and risk factors,
knowledge of which is fundamental to appropriately manage these patients
during the early postoperative course. As high-grade evidence-based guide-
lines are not available, the authors aimed to provide an updated review of the
postoperative management of lung transplantation recipients in the intensive
care unit, which addresses six main areas: (1) management of mechanical
ventilation, (2) fluid and hemodynamic management, (3) immunosuppressive
therapies, (4) prevention and management of neurologic complications, (5)
antimicrobial therapy, and (6) management of nutritional support and abdom-
inal complications. The integrated care provided by a dedicated multidisci-
plinary team is key to optimize the complex postoperative management of

lung transplantation recipients in the intensive care unit.

(AnesTHEsIoLogY 2022; 136:482—99)

Potential Postoperative Complications in Lung
Transplantation Recipients

Table 1 summarizes the main potential postoperative acute
critical complications occurring in lung transplantation
recipients in the ICU.

Among these complications, the most relevant is primary
graft dysfunction, a particular form of acute respiratory dis-
tress syndrome (AR DS), mainly due to ischemia-reperfusion
injury. It occurs in up to 20 to 30% of recipients. Several
risk factors for primary graft dysfunction have been iden-
tified. The severity of primary graft dysfunction is graded
according to the International Society for Heart and Lung
Transplantation (Addison, Texas) working group guidelines,
which propose a standardized definition of primary graft
dysfunction based on the ratio of Pao, to inspired oxygen
fraction (F10,) and infiltrates on the chest radiograph. Scores
are calculated at specific time points (0, 24, 48, and 72h)
after reperfusion (table 1). Several studies have validated the
International Society for Heart and Lung Transplantation
grading system and demonstrated the discriminatory ability
of primary graft dysfunction Grade 3 versus Grades 0, 1, and
2 to predict outcomes. Importantly, severe primary graft
dysfunction is associated not only with short-term morbid-
ity and mortality but also with an increased risk of chronic
lung allograft dysfunction and overall mortality.*¢

Cardiac events, including heart failure, supraventric-
ular tachyarrhythmias and pericarditis, delirium, and gas-
tric content aspiration are other frequent complications in
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Postoperative Lung Transplant Management

DONORS FACTORS

ALLOGRAFT
ISCHEMIC TIME
Long ischemic time is
associated to an
increased risk of primary
graft dysfunction.

@ BRONCHIAL CIRCULATION
After lung transplant, blood supply from the
bronchial artery is not restored and this may affect
oxygen delivery to the lung parenchyma and the
healing of the bronchial anastomosis.

TYPE OF ORGAN DONATION
Lung allografts come with variable
donor related injuries that lead to
acute lung injury — primary graft
dysfunction.
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African-American race and female gender
may be associated with increased risk of
primary graft dysfunction.
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RECIPIENT COMORBIDITIES
Comorbidities {e.g. Body Mass Index > 25,
chronic kidney disease, coronary artery
disease, older age, etc.) may affect the
outcome of lung transplant.
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SIZE MISMATCH
Undersized grafts are at
higher risk of primary graft
dysfunction.
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REPERFUSION PHASE
Ischemia-reperfusion injury is the main
pathophysiologic contributor to primary graft
dysfunction.

[ of primary graft dysfunction by reducing the
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(:C} immune cells, inflammatory cytokines and
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graft dysfunction. risk of primary graft dysfunction.

BRIDGE TO LUNG TRANSPLANT PULMONARY DIAGNOSIS
Patients bridged to lung transplant with Idiopatic pulmonary fibrosis, sarcoidosis
mechanical ventilation or extracorporeal and idiopatic pulmonary arterial
membrane oxygenation may have higher ¥ are i with i
risk of primary graft dysfunction. risk of primary graft dysfunction.
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TRANSFUSIONS,
CARDIOPULMONARY BYPASS AND
OXYGEN FRACTION AT
REPERFUSION
Transfusions, cardiopulmonary bypass and
high reperfusion inspired oxygen fraction are risk
factors for primary graft dysfunction.

©
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IMMUNE MATCH AND SENSITIZATION
High levels of pre-transplant panel reactive
antibody, donor specific antibodies
and Human Leukocyte Antigen mismatch
are associated
with worse outcomes.

Fig. 1. Donor, recipient, and donor—recipient interaction—associated risk factors for primary graft dysfunction (adapted from Diamond et al.%).

the postoperative phase, and their incidence will probably
increase in the future due to the progressively older age of
the patients receiving lung transplantation.

Risk Factors for Primary Graft Dysfunction

Donor lungs do not have bronchial circulation, which may
affect oxygen delivery to the parenchyma and bronchial anas-
tomosis,and also lack innervation, which precludes brain—-lung
crosstalk and may result in abnormal cough reflexes, hypoxic
vasoconstriction, and Hering—Breuer reflex. Lymphatic
drainage is interrupted for a few weeks after lung transplanta-
tion, and hence the drainage of interstitial fluid, immune cells,
inflammatory cytokines, and hyaluronan is at least temporar-
ily impaired. The type of lung donor (brain death donors or
donation after cardiac death) may also affect the risk of pri-
mary graft dysfunction. In brain death donors,lungs are partic-
ularly susceptible to injury due to the systemic inflammatory
response induced by brain death. This response may cause
lung edema and potentially increase the risk of ventilator-
induced lung injury.* Grafts from controlled donation after

cardiac death may have an increased risk of primary graft
dysfunction proportionally to the duration of withdrawal
of life-sustaining therapy.” Ischemic time is associated with
increased risk of primary graft dysfunction. Currently, a
warm ischemic time less than 60min is considered a cutoff
for lung retrieval by many centers; however, improvement
in organ preservation techniques and the use of ex vivo lung
perfusion to assess donor lung function before lung trans-
plantation have moved this cutoff up to 120min.® Size
matching is an important variable affecting lung transplan-
tation outcomes.” In undersized allograft (donor to recipi-
ent predicted total lung capacity ratio less than 1), a reduced
pulmonary vasculature may result in high pulmonary arterial
pressure and increase the risk of primary graft dysfunction;
this risk may be further increased by the use of high tidal
volumes compared to the donor lung size during invasive
ventilation. Contrarily, oversized grafts may present a reduced
risk of primary graft dysfunction.” Identification of recipient
and intraoperative risk factors for primary graft dysfunction
is also of clinical importance. Incidence of primary graft dys-
function is higher in recipients with diagnosis of sarcoidosis,
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Table 1. Postoperative Acute Critical Complications Associated with Lung Transplantation

Respiratory Failure Shock Others
e Primary graft dysfunction? e Hemorrhagic ¢ |nfection
> Primary graft dysfunction 0: no edema on chest X-ray with any Pao,/Fio, e Distributive (septic) e Arrhythmias

> Primary graft dysfunction 1: edema on chest X-ray with Pao,/Fio, > 300
> Primary graft dysfunction 2: edema on chest X-ray with Pao,/Fio, 200-300*

o Cardiogenic (right ventricular failure,
left ventricular failure)

Postoperative pericarditis
Gastroesophageal reflux

o Primary graft dysfunction 3: edema on chest X-ray with Pao,/Fio, < 200t ® Obstructive (tamponade, pulmonary embolism) e Bowel obstruction, perforation, ischemia

Donor-associated pneumonia
Ventilator-associated pneumonia

Acute rejection

Bronchial anastomotic complications (dehiscence)
Cardiogenic pulmonary edema

Pulmonary vein anastomotic obstruction
Pulmonary embolism

Hemothorax

Whole lung or lobar torsion

Phrenic nerve injury

o Immunosuppression side effects
CNS complications
ICU acquired weakness

Primary graft dysfunction is graded at four timepoints, every 24 h, over the first 72 h after transplantation (0, 24, 48, and 72 h). Primary graft dysfunction in recipients treated with
noninvasive ventilation should be graded according to Pao,/Fio, ratio as for invasive mechanical ventilation.

*If Pao,/Fio, ratio is not available, oxygen saturation/Fio, ratio 235 to 315 is used instead of Pao,/Fio, ratio 200 to 300. tUse of extracorporeal membrane oxygenation with pulmonary
edema is graded as primary graft dysfunction 3. Extracorporeal membrane oxygenation for cardiac indication (without pulmonary edema) is ungradable.

CNS, central nervous system; Fio,, inspired oxygen fraction; ICU, intensive care unit.

idiopathic pulmonary fibrosis, or pulmonary hypertension, or
with a body mass index greater than 25. Intraoperative fac-
tors, such as the type of lung transplantation (single vs. dou-
ble), the use of cardiopulmonary bypass, prolonged ischemic
time, and large volume of intraoperative blood transfusions
(greater than 1 1) may also increase the risk of primary graft
dysfunction.’

Postoperative Management of Lung
Transplantation Recipients

The management of lung transplantation recipients in
the ICU plays a critical role in improving their outcome.
However, recommendations in the literature to guide the
postoperative ICU management of lung transplantation
recipients are outdated and often not comprehensive. As
high-grade evidence-based guidelines are not yet available,
the current practice in this field is mainly based on the
results of observational studies, knowledge of the patho-
physiology of lung transplantation, and an expertise-based
approach.

The scope of this review is to address six important
aspects of the postoperative management of lung transplan-
tation recipients (table 2), in the context of the expertise of
a large and very experienced lung transplantation center.
We highlight the current practice and areas with opportu-
nities for future investigation in the following: (1) manage-
ment of mechanical ventilation, (2) management of fluids
and hemodynamics, (3) prevention and management of
neurologic complications, (4) immunosuppressive therapies,
(5) antimicrobial strategies, and (6) management of nutri-
tional support and of abdominal complications.

Anesthesiology 2022; 136:482-99
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Management of Mechanical Ventilation

Mechanical ventilation represents an essential supportive
measure in the management of patients receiving lung trans-
plantation. Its goals in the postoperative phase are main-
taining adequate gas exchange, monitoring lung allograft
function, and facilitating early weaning while minimizing
the risk of ventilator-induced lung injury to the graft.

Experimental data suggest that all lung transplantation
recipients, not only those with primary graft dysfunction,
are at risk of ventilator-induced lung injury," and hence
postoperative protective mechanical ventilation should be
used.'" However, despite the critical role of mechanical ven-
tilation in lung transplantation, very few data are available
in the literature to guide clinical practice.”'*'® Thus, the
currently applied protective mechanical ventilation strate-
gies in lung transplantation patients have been extrapolated
from the management of ARDS patients,'”™ as the benefits
of lung-protective mechanical ventilation extend to both
patients with ARDS and patients at risk for ARDS.'®

The initial protective mechanical ventilation settings in
all lung transplantation recipients limit tidal volume to 6 ml/
kg of donor predicted body weight and plateau pressure less
than 30cm H,O, aiming for a pH greater than 7.25, and
oxygen saturation greater than 90% as measured by pulse
oximetry."”” Normalizing tidal volume to donor rather than
recipient predicted body weight reduces the risk of deliver-
ing excessive tidal volume in undersized allografts.”" Fio,
is reduced as low as possible to reduce the risk of hyper-
oxia and oxidative stress.?! Positive end-expiratory pressure
(PEEP) 1s titrated following a prespecified table accord-
ing to Fro, requirements (table 2). If these mechanical

Di Nardo et al.
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ventilation settings result in adequate gas exchange (pH
greater than 7.25, Pao,/Fio, greater than 200 mmHg)
and the risk of primary graft dysfunction is low, mechani-
cal ventilation and sedation are rapidly weaned. As soon as
spontaneous breathing is established, if the mechanical ven-
tilation and hemodynamic targets are maintained (table 2),
a spontaneous breathing trial (continuous positive airway
pressure 5cm H,O for 30min) is performed to assess for
extubation readiness. In single lung transplantation recip-
ients, the difference in compliance between the graft and
the native lung warrants additional considerations. In single
lung transplantation with fibrotic disease, tidal volumes of
4 to 6 ml/kg donor predicted body weight should be used
to reduce the risk of overdistension of the more compli-
ant allograft. In single lung transplantation with obstructive
disease, maximizing the expiratory time reduces the risk of
dynamic hyperinflation of the native lung.'®

In noncomplicated patients, weaning from sedation and
mechanical ventilation is usually completed within 72h and
extubation performed in the ICU. The median duration of
mechanical ventilation after lung transplantation is 2 to 3
days."** In hemodynamically stable patients with Pao,/F10,
greater than 300 mmHg, early extubation in the operating
room has been described as feasible.” In patients with a
high risk of severe primary graft dysfunction® or inadequate
gas exchange, sedation and mechanical ventilation are usu-
ally intentionally weaned in a slower fashion (over 3 to 5
days). When weaning from mechanical ventilation becomes
challenging and is prolonged to longer than 1 week, early
tracheostomy is considered.”** However, high-grade evi-
dence is not available on this topic, and further studies are
needed to address the optimal timing for tracheostomy in
lung transplantation recipients.

The use of noninvasive ventilation in lung transplanta-
tion recipients has been proposed for the management of

postoperative respiratory complications.?

However, a high
grade of evidence on its benefits is absent in this selected
population, and concerns exist about continuous positive
airways pressure potentially increasing the risk of aspira-
tion and impeding adequate airways clearance. Recently,
high-flow nasal cannulas have been increasingly used as
humidified oxygen delivery devices early after extuba-
tion.”” Early mobilization and chest physiotherapy are very
important parts of the postoperative care plan to facilitate
bronchial hygiene and avoid lung atelectasis, which are
challenging issues in lung transplantation recipients due
to the lack of lung innervation and bronchial circulation.
Frequent bronchoscopies, chest percussion combined
with postural drainage, and a high frequency chest wall
oscillation may have an important role when the patient
is unable to clear secretions.” The use of cough assist is
discouraged due to the high risk of injury to the healing
bronchial anastomosis.

In case of severe primary graft dysfunction (bilateral
lung infiltrates and Pao,/Fio, less than 200 mmHg) or

Anesthesiology 2022; 136:482-99
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other acute respiratory complications, including infections,
rejection, and anastomotic leaks, the duration of mechan-
ical ventilation is variably increased, and the use of pro-
tective mechanical ventilation becomes crucial'® (table 2).
Driving pressure higher than 14cm H,O, calculated as the
difference between airway plateau pressure and total PEEP,
has been shown to be strongly associated with mortality in
patients with ARDS, and can hence be used as marker of
the severity of lung injury and risk of ventilator-induced
lung injury.*” High PEEP (greater than 12 to 14cm H,0)
is generally avoided for its potential negative effects on
the bronchial healing and alveolar overdistension. Assisted
spontaneous breathing could be prudently pursued while
maintaining moderate sedation as it may have several
advantages, such as avoiding deconditioning, delirium, and
diaphragmatic dysfunction. However, protective mechani-
cal ventilation targets need to be maintained, and targets of
excessive inspiratory effort should be carefully evaluated at
the bedside to avoid self-inflicted lung injury.?” These may
include inspiratory plateau pressure less than 25cm H,O,
driving pressure 14cm H,O or less,” and airway occlusion
pressure of the first 100 ms 4cm H,O or less, a validated
index of respiratory drive in patients with acute respiratory
failure.” Repeated bronchoscopies may be required to rule
out anastomotic airway complications, such as dehiscence,
necrosis, stenosis, among others, which are associated with
increased morbidity and mortality. The management can be
extremely challenging and vary depending on several fac-
tors, including the type, cause, and severity.*

When the severity of primary graft dysfunction
increases (Pao,/F10, less than 150 mmHg) and persists for
several hours, protective mechanical ventilation and seda-
tion are continued, and rescue treatments (table 2), such
as prone positioning, the administration of neuromuscular
blockade, and inhaled NO, are considered.* Since endoge-
nous NO levels are reduced after lung reperfusion, routine
post—lung transplantation administration inhaled NO has
been previously proposed to optimize ventilation/perfu-
sion mismatch, but in a controlled randomized trial did not
prevent primary graft dysfunction.* Thus, although there
is no rationale for the routine administration of inhaled
NO, it can be used to treat selected cases of severe primary
graft dysfunction where both gas exchange and vascular
resistance are impaired.® The application of prone posi-
tioning has also been described as a rescue treatment to
improve oxygenation in 22 lung transplantation recipients
with refractory hypoxemia.” This is challenging to do in
an acute postoperative patient, and further investigations
are required to support its use in severe primary graft
dysfunction.

Very severe graft dysfunction with Pao,/F10, less than 100
mmHg despite optimal ventilation settings, or respiratory aci-
dosis associated with high ventilator pressures requirements
(plateau pressure greater than 30cm H,O, PEEP greater than
12 to 14cm H,O) may require extracorporeal membrane

Di Nardo et al.
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oxygenation (ECMO) support. The use of ECMO in post—
lung transplantation acute respiratory failure has increased in
the last 10 yr, facilitated by improved ease of use and safety.

Several case series®>*

reported that recipients with refractory
primary graft dysfunction requiring ECMO who survived
the critical first 3 months after lung transplantation experi-
enced long-term survival similar to that reported in patients
not supported with ECMO. These data support the use
of ECMO for the management of refractory primary graft
dysfunction, particularly to prevent additional ventilator-
induced lung injury and oxygen toxicity to the already injured
graft. In addition, observational data suggest that early con-
sideration of ECMO may result in better outcome than its
deployment in advanced refractory conditions.” Furthermore,
recently the prophylactic use of ECMO during the carly
postoperative period in recipients with a high risk of pri-
mary graft dysfunction or impaired graft function at the end
of implantation has been reported as a very promising
strategy.*® The best ECMO configuration to manage refrac-
tory primary graft dysfunction remains controversial.®
Peripheral veno-arterial ECMO has been proposed since
it provides both adequate respiratory and hemodynamic
support. Importantly, veno-arterial ECMO effectively oft-
loads the pulmonary flow, allowing for more protective lung

223940 which nonetheless needs to be maintained

perfusion,
to a certain extent, to provide some nutritive blood flow
and to clear the edema. This is managed by monitoring
end-tidal carbon dioxide, which is proportional to pulmo-
nary blood flow, and pulmonary arterial pulse pressure trac-
ing with the Swan—Ganz catheter. Veno-arterial ECMO has,
however, been associated with more complications (bleeding,
cerebrovascular- and cannulation-related, and the “Arlequin”
or north—south syndrome in peripheral veno-arterial
ECMO due to differential hypoxia in recipients with poor
lung function and adequate cardiac output) than veno-
venous ECMO." The use of veno-venous ECMO allows
for effective control of gas exchange and remarkably
reduces mechanical stress to the graft. However, with veno-
venous ECMO, the amount of pulmonary perfusion, and
thus the risk of reperfusion injury, remains less affected,
although the reduction of ventilation pressures and the
correction of blood gases and pH tend to decrease pulmo-
nary artery pressures and improve cardiac (right ventricle)
function. During both veno-arterial and veno-venous ECMO,
there are no specific evidence-based guidelines to recommend
optimal mechanical ventilation settings; however, the main goal
is to reduce all the potential causes of ventilator-induced lung
injury, such as high tidal volume, high F10,, and high respira-
tory rate.*** Weaning from veno-venous ECMO is performed
when the graft function is improved (i.e., gas exchange and
respiratory system compliance) and the patient tolerates protec-
tive mechanical ventilation parameters. Similarly, weaning from
veno-arterial ECMO is considered when the cardiac function
has sufficiently recovered to maintain adequate cardiac output
and organ perfusion with modest doses of inotropes.*’

Postoperative Lung Transplant Management

Management of Fluids and Hemodynamics

The assessment of the heart—lung interactions is a funda-
mental and challenging aspect of the lung transplantation
postoperative phase, which may be further complicated
by hemodynamic instability (or shock) due to bleeding,
hypovolemia, sepsis, pump failure, or pulmonary embolism.
A Swan—Ganz catheter is an essential part of the standard
of care in the largest lung transplantation centers* in this
phase for accurate monitoring and management of cardiac
preload (central venous pressure, wedge pressure), systemic
and pulmonary arterial pressure, systemic and pulmonary
vascular resistance, cardiac output, and mixed venous oxy-
gen saturation (table 2; fig. 2). The initial goal is to main-
tain adequate end-organ perfusion, which is monitored by
measuring lactate, urine output, and mixed venous oxy-
gen saturation, with the lowest possible cardiac output to
reduce the risk of exacerbating lung edema induced by
reperfusion injury. Usually, at ICU admission, lung trans-
plantation recipients require careful fluid management to
achieve euvolemia.® Lung perfusion is then judiciously
increased, allowing cardiac output to progressively reach its
expected normal target, usually just by weaning sedation,
while the graft function (gas exchange, lung compliance) is
carefully monitored. The rapidity of this process depends on
the graft function and the risk of developing primary graft
dysfunction.*® If the increase in lung perfusion results in
gas exchange worsening, the weaning process is conducted
at a slower pace. Postoperative bleeding may prevent the
maintenance of an adequate cardiac output and thus should
be properly addressed. Several risk factors are associated
with postoperative bleeding, including the recipient diag-
nosis (cystic fibrosis, pleural adhesions, redo transplantation,
among others), the intraoperative procedural techniques
(cardiopulmonary bypass vs. ECMO), and pre-existing or
acquired coagulopathies. Use of coagulation factors, anti-
fibrinolytic agents, and point-of-care transfusion strategies
may potentially reduce postoperative bleeding and the risk
of blood products—related alloimmunization.*+*
plicated recipients with excellent lung function, weaning
from artificial life support and sedation may occur in a time
frame of minutes to hours. In recipients with initially poor
graft function or very high risk of primary graft dysfunc-
tion, such as those with primary pulmonary hypertension,
the weaning process is carried out more slowly over a
period of a few days.

In uncom-

The application of a dedicated protocol including the
maintenance of specific hemodynamic targets (central
venous pressure 7 mmHg or less, mean arterial pressure
65 to 75 mmHg, and a cardiac index 2.2 to 2.5 1 - min™
- m™) and the use of a standardized lung protective ven-
tilation strategy have been shown in other centers to be
associated with reduced severity of primary graft dysfunc-
tion.* In addition, it has been shown that the use of a fluid
restrictive strategy (central venous pressure 7 mmHg or less)
was not associated with increased use of vasopressors or a
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LUNG ALLOGRAFT FUNCTION MONITORING

Pa0gz/FiO;, respiratory system compliance, chest X-ray, PaCOz, ETCO;

PULMONARY
VASCULAR RESISTANCE

Target mean PAP: <25 mmHg
Potential Interventions: PaQ;, PaCO;,
inhaled NO, mechanical ventilation settings,
sedation, left ventricular function optimization

Right §
Ventricle'§

@ RIGHT VENTRICLE PRELOAD (® LEFT VENTRICLE PRELOAD
Target CVP: <7 mmHg Target wedge pressure for patients at high risk of primary graft dysfunction :
Potential Interventions: fluids, diuretics, PEEP <10 mmHg
Potential Interventions: fluids, diuretics, PEEP
9 RIGHT VENTRICLE CONTRACTILITY 0 LEFT VENTRICLE CONTRACTILITY
Target ClI for patients at high risk of primary graft dysfunction: 2.2-2.5 L'min-"-m? Target Cl for patients at high risk of primary graft dysfunction: 2.2-2.5 L-min-m?
Potential Interventions: sedation, fluids, diuretics, vasopressors, vasodilators, PEEP, Target MAP for patients at high risk of primary graft dysfunction: 65-75 mmHg
inotropes. Potential Interventions: sedation, fluids, diuretics, vasopressars, vasodilators, PEEP,
inotropes

END-ORGANS FUNCTION MONITORING

SVO2, lactate, urinary output, central-peripheral temperature gradient

Fig. 2. Physiologic variables, monitoring targets, and potential interventions to manage function, interaction, and perfusion of the heart, lung,
and end-organs of lung transplant recipients in the postoperative intensive care unit. CVP, central venous pressure; ETco,, end-tidal carbon
dioxide; Fio,, inspired oxygen fraction; MAP, mean systemic arterial pressure; PAP, pulmonary arterial pressure; PEEP, positive end-expiratory
pressure; Svo,, mixed venous oxygen saturation.

deterioration of renal function,* which is often present in The use of other types of hemodynamic monitor-
the postoperative period (up to 52.5%).”” Postoperative kid- ing based on transpulmonary thermodilution has been
ney injury is mainly secondary to pre-renal causes with the  described when the use of the Swan—Ganz catheter is not
concomitant use of nephrotoxic immunosuppressive, anti- feasible.’ These devices show promise in the setting of
biotic, and other drugs, and not infrequently requires renal ~ lung transplantation in that they can provide a measure-
replacement therapy. ment of the extravascular lung water index.”! Continuous
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left atrial pressure monitoring is a valuable alternative to
the wedge pressure measurement, especially in children or
in patients receiving lung transplantation for severe pulmo-
nary hypertension.”* In these patients, the risk of severe
primary graft dysfunction is considerably higher.> Two pos-
sible mechanisms may explain this form of primary graft
dysfunction: endothelial injury due to shear-stress forces
applied by a “well-trained” right ventricle, or a transient
form of diastolic dysfunction of the left ventricle, which
becomes incapable of acutely managing a normal preload
in the early postoperative period.* To specifically address
these issues and allow progressive controlled loading of
the left ventricle, the systematic prophylactic use of early
“awake” veno-arterial ECMO, with rapid extubation and
liberation from mechanical ventilation after cannulation,
has been described for the postoperative management of
recipients with severe pulmonary hypertension.”®#"52% In
our and other centers, veno-arterial ECMO 1is generally
used as a rescue therapy for refractory cardiogenic shock
or in recipients with pulmonary hypertension developing
marked pulmonary edema postoperatively. Importantly,
the veno-arterial ECMO support should be instituted
early, as soon as the trend toward persistent deterioration
is recognized.

The postoperative period of the lung transplantation
patient can also be complicated by other cardiac events,
such as pericarditis, supraventricular tachyarrhythmias,>*®
and pulmonary venous anastomotic—related dysfunction or
torsion, inducing pulmonary edema.*® In particular, atrial
fibrillation is reported with a variable incidence between 20
and 39%.> Although in some studies it has been associated
with increased hospital stay and hospital mortality, its actual

55557 The most com-

impact on the outcome is unclear.
mon risk factors for postoperative atrial fibrillation in lung
transplantation include electrolyte imbalance, gas exchange
abnormalities, pain, fluid overload, vasopressors and ino-
tropes, airway issues, and pericardial effusion. In the great
majority of lung transplantation recipients, atrial fibrillation
is a transitory event, as almost all patients are discharged
in sinus rhythm.” The management of perioperative atrial
fibrillation follows the American Association for Thoracic
Surgery (Beverly, Massachusetts) guidelines.®® In particu-
lar, adequate levels of plasma electrolytes (K*, Mg*", Ca'™")
are maintained while applying a rate control strategy with
antiarrhythmic drugs as a first-line approach in hemody-
namically stable patients. Electrical cardioversion is reserved
for unstable patients or those refractory to medical therapy.
Anticoagulation is generally started if atrial fibrillation per-
sists, continuously or intermittently, for longer than 48h,
and there are no concerns for surgical bleeding. In lung
transplantation recipeints, antiarrhythmic agents should
be cautiously chosen due to the possible interactions with
the immunosuppressive drugs, based on heart function and
comorbidities. B Blockers are first-line choices in hemo-
dynamically stable patients. In several centers, amiodarone

Postoperative Lung Transplant Management

is used only in very selected cases due to its associated

idiosyncratic risk of inducing lung injury,””* and usually

replaced by sotalol as a class III antiarrhythmic.

Prevention and Management of Neurologic
Complications

Postoperative neurologic complications including delir-
ium, stroke, posterior reversible encephalopathy syndrome,
immunosuppressive drug—induced encephalopathy, seizures,
phrenic and recurrent laryngeal nerve injury, and ICU-
acquired weakness affect almost half of the lung transplanta-
tion recipients in some reports and are associated with worse
outcomes.®' ™ Although the biologic mechanisms responsi-
ble for neurologic complications in lung transplantation are
all not fully understood, important insights can be gained
from knowledge of the preoperative recipient clinical sta-
tus (e.g., chronic hypoxia and hypercapnia, atherosclerotic
disease, systemic hypertension, heart rhythm disturbances,
diabetes, among others) and perioperative risk factors (e.g.,
cardiopulmonary bypass or ECMO, intraoperative hypo-
tension, bleeding, severe primary graft dysfunction).**

Delirium represents one of the most frequent (40%)
neurologic complications after lung transplantation.®*%
Diagnosis and management of delirium follow the evi-
dence-based clinical practice guidelines of the Society of
Critical Care Medicine (Mount Prospect, Illinois) and rely
on a multidisciplinary approach including critical care phy-
sicians, nurses, respiratory/physical therapists, occupational
therapists, nutritionists, and psychiatrists.® Delirium pre-
vention, early detection (Confusion Assessment Method
for the ICU or the Intensive Care Delirium Screening
Checklist) and management with nonpharmacologic (sleep
hygiene, early mobilization) and pharmacologic interven-
tions (benzodiazepine-free sedation) are associated with
improved patient outcomes.”* Adequate pain control is
of key importance to prevent delirium; to facilitate early
mobilization, reducing the risk of muscle mass loss and
ICU-acquired weakness; and to expedite weaning from
mechanical ventilation.”” A multipharmacologic approach
(opioids, acetaminophen, gabapentin, ketamine) is the most
commonly applied strategy. In other centers, the additional
use of neuraxial catheters (epidural) or other types of neu-
ral blocks (paravertebral or erector spine plane block) have
been proposed to reduce the dose of opioids.” The use of
dexmedetomidine, which has sedative and analgesic prop-
erties, has been also considered for the postoperative man-
agement of lung transplantation recipients.®’

Acute encephalopathy and in particular posterior revers-
ible encephalopathy syndrome,” characterized by syn-
dromes including confusion, tremors, seizures, depression,
and coma, represents the second most frequent (25%) neu-
rologic complication.®"** Importantly, immunosuppressive
agents are recognized as potential contributors to the devel-
opment of toxic central nervous system impairment.”' In
these cases, temporary withholding of calcineurin inhibitors
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and substituting them with basiliximab, with strict therapeu-
tic drug monitoring, can reverse the neurologic condition.”

Phrenic nerve injury by stretching or direct surgical
injury may occur after lung transplantation.” Diagnosis is
often clinical (paradox breathing pattern during weaning
from mechanical ventilation or early extubation failure
in absence of primary graft dysfunction) and confirmed
by fluoroscopic examination of the diaphragm function.
Phrenic nerve injury may prolong weaning from mechan-
ical ventilation and ICU stay. Phrenic nerve reconstruction
and diaphragm pacing may be considered to support func-
tional recovery.”*

Hyperammonemic encephalopathy is a rare but often
fatal complication in lung transplantation (1 to 4%).”7"”
It is a medical emergency, as the delay of its management
results in potential irreversible neurologic injury. The rapid
elevation of serum ammonia can cause nonspecific neu-
rologic abnormalities and, if uncontrolled, cerebral edema,
coma, and brain death. Evidence suggests that the cause is
donor-derived ureaplasma species lung infection.” As early
detection and management are key to preventing devastat-
ing neurologic injury, in our center, plasma ammonia con-
centration is routinely monitored daily for at least the first
2 weeks postoperatively. When the ammonia plasma con-
centration is higher than 100 pmol/l (normal, 72 pmol/1
or less), hemodialysis is urgently started, and antimicrobial
therapy targeting ureaplasma species with a combination of
moxifloxacin and doxycycline is initiated.

Ischemic or hemorrhagic cerebral vascular complica-
tions represent the third most frequent complication (4
to 10%)°** and carry a high morbidity and mortality
(15%).°' Infective neurologic complications, including
brain abscess, viral encephalitis, and cryptococcal menin-
gitis, are possible, but are extremely rare in the immediate
postoperative phase.”” However, these should be consid-
ered in patients with prolonged immunosuppression before
transplantation.

Current Trends and Future Insights on Immunosuppressive
Therapies

Acute rejection affects more than 50% of the recipients in
the first year after transplantation, and it has been found to
be a significant risk factor for the subsequent development
of chronic lung allograft dysfunction.® Its diagnosis is chal-
lenging, especially in the early days after the lung transplan-
tation. Primary graft dysfunction, lung infections, and fluid
overload can be difficult to differentiate from acute rejec-
tion in the early postoperative phase. In these cases, bron-
choscopy to rule out infection is usually performed before
commencing empirical medical therapy for infection or
rejection.®® Transbronchial biopsies can also be considered
to confirm the diagnosis of rejection or infection; however,
caution should be used in ventilated patients for the high
risk of bleeding (greater than 20%) and pneumothorax (6
to 10%).%
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Although the immunosuppressive drug regimens have
not changed significantly over recent years, the understand-
ing of how to optimize immunosuppression has improved.®
The immediate posttransplant immunosuppressive reg-
imen should be tailored according to the center-specific
protocols, but also specifically to the lung transplantation
recipient. It may consist of induction therapy (basiliximab,
antithymocyte globulin, and alemtuzumab being the most
common) and triple-drug immunosuppression with a calci-
neurin inhibitor (cyclosporine A or tacrolimus), a cell-cycle
inhibitor (azathioprine or mycophenolate mofetil/myco-
phenolic acid), and a corticosteroid. Nonetheless, some
centers have used lower immunosuppression after alemtu-
zumab induction.®

There remains significant heterogeneity in use of induc-
tion agents, with around 50% of centers not using induc-
tion.*® In registry analyses, improved survival was reported

for patients receiving induction,*

and retrospective
cohort analyses suggested alemtuzumab to be more effec-
tive in preventing acute rejection.®* However, robust ran-
domized trials comparing different induction regimens are
lacking, and there is no generalized consensus on the right
approach to induction therapy.

There is considerable evidence to suggest that pretrans-
plant sensitization of the recipient to donor human leuko-
cyte antigens increases mortality after lung transplantation
if no specific therapies are given.” Many centers would
therefore avoid transplanting across a positive virtual cross-
match, especially if the actual flow crossmatch is positive.
Aggressive multimodal desensitization protocols have been
used to manage these cases, with controversial results.” Use
of intraoperative and perioperative plasmapheresis followed
by intravenous immunoglobulin therapy and antithymo-
cyte globulin has been reported to result in equivalent
allograft and chronic lung allograft dysfunction—free sur-
vival between sensitized and unsensitized lung transplanta-
tion patients.”

In patients with underlying renal disease, older patients,
and patients with a complicated lung transplantation surgery,
the risk of early kidney injury is high. In these patients, early
basiliximab therapy can be considered to enable a delayed
start of nephrotoxic calcineurin inhibitors.” Basiliximab is
removed by plasmapheresis, and this should be taken into
account when administering it. Some programs advocate
basiliximab induction routinely to reduce the risk of renal
complications.”

Antimicrobial Therapy

Infections are the most frequent complications in lung
transplantation recipients (up to 42% within 3 months).”%*
The risk factors for postoperative infections are classified
into issues related to the donor, the recipient pretrans-
plant, and the recipient posttransplant (table 3). Early and
adequate broad-spectrum empirical antibiotic prophylaxis
(table 2) remains the mainstay approach in the immediate
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72-h postoperative period while awaiting the final results of
the donor and recipient bronchoalveolar lavage cultures.”*
Inadequate antimicrobial management has been associated
with significant increased mortality.” However, optimal
duration of antimicrobial prophylaxis remains unknown,
and prophylactic regimens of 48h to 7 days have been
reported.” Note that perioperative antimicrobial manage-
ment in lung transplantation recipients includes usual sur-
gical site infection prophylaxis, but also broader spectrum
antibiotics to address any information available related to
the colonization and/or infection of the donor lung and
the recipient.

Pneumonia is the most common type of bacterial infec-
tion after transplantation (incidence up to 44%),” and
Pseudomonas aeruginosa is the most common cause, followed
by Staphylococcus aureus.” The early pneumonia in the lung
transplantation patient is more often related to the recipient
ICU nosocomial flora than the donor ICU flora. Pneumonia
is associated with several risk factors, including exposure
of the graft to the external environment through the air-
way, aspiration, interruption of graft innervation potentially
impairing adequate coughing and mucociliary clearance,
transitory postoperative interruption of lymphatic drainage,
and anastomotic complications.” Transmission of infections
from donor lungs (donor-associated pneumonia), or from
the native lung in single lung transplantation, prolonged
mechanical ventilation (ventilator-associated pneumonia),
bacterial airway colonization,* and primary graft dysfunc-
tion and rejection® further increase the diagnostic and
therapeutic complexity. Once the diagnosis of pneumonia
is confirmed, tailored antimicrobial therapy is continued for
a total duration of 10 to 14 days course guided by clini-
cal response. A considerable challenge derives from multi-
drug-resistant microorganisms, which are frequently isolated,
especially in recipients with cystic fibrosis and in those with
previous antimicrobial exposure.” In these cases, knowl-
edge of the recipient pretransplant cultures helps in select-
ing appropriate antimicrobial therapy. Airway colonization
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with opportunistic microorganisms (e.g., Burkholderia cepa-
cia complex and Mycobacterium abscessus) or multidrug-
resistant bacteria (e.g., pseudomonas aeruginosa) may com-
promise long-term lung transplantation survival.”*'*' In
particular, isolation of the Burkholderia cenocepacia species has
been reported to have a very a high risk of postoperative
mortality in cystic fibrosis recipients, and, with the excep-
tion of our and few other lung transplantation programs, it
is considered a contraindication to lung transplantation in
many centers.” Colonization with M. abscessus, in contrast, is
associated with a low incidence of recurrent infection after
lung transplantation and good outcomes when an aggres-
sive management and surveillance strategy is applied.'”

Cytomegalovirus infection is the most prevalent viral
infection in lung transplantation recipients and requires
adequate prophylaxis starting from the immediate postop-
erative ICU admission, although it is rarely a severe clin-
ical issue in the immediate postoperative phase.”!'”> Lung
transplantation recipients who are cytomegalovirus neg-
ative (R—) and receive cytomegalovirus-positive donor
lungs (D+) have the highest risk of developing severe life-
threatening disease. Median time from lung transplantation
to the onset of cytomegalovirus infection has significantly
increased after the widespread use of prophylaxis for 6 to
12 months.” Consensus guidelines on the management of
cytomegalovirus in solid-organ transplantation suggest for
lung transplantation recipients the use of intravenous ganci-
clovir followed by oral valganciclovir in D+/R— mismatch
patients for a total of 9 months, 6 months of the same pro-
phylaxis in D—/R+ and D+/R+ patients, and acyclovir for
3 months in D—/R~ patients. Cytomegalovirus treatment
is suggested when the viral load exceeds a specific thresh-
old which is variable in each laboratory (500 copies/ml in
D+/R—and 1,000 copies/ml in the rest).'”?

Candida and Aspergillus species are often isolated as col-
onizing organisms in the lung transplantation recipients’
bronchoalveolar lavage. Some centers prescribe empiric
antifungal prophylaxis in the early postoperative course.!*!%

Table 3. Donor and Recipient Preoperative and Postoperative Infective Risk Factors

Donor Factors

Recipient Factors: Preoperative

Recipient Factors: Postoperative

e Bacterial or fungal allograft colonization * Age
e Allograft latent infection (toxoplasma, cytomegalovirus, ® Diabetes

other viruses, endemic mycosis, tuberculosis) e Hypogammaglobulinemia

e Renal failure

o Allograft injury (ischemia, preservation,
reperfusion)
Complexity and length of surgery

* No immunity against cytomegalovirus, toxoplasmosis, rubeola ® Postsurgical care (mechanical ventilation,

virus, varicella zoster virus

Latent infection tuberculosis, cytomegalovirus, herpes simplex
virus, varicella zoster virus, Epstein—Barr virus, endemic mycosis
Colonization with multidrug-resistant microorganisms
Immunosuppressive therapy

Rejection

intravenous catheters, drains, bladder
catheter, extracorporeal membrane
oxygenation)

Transfusion
Intensive care stay

Environmental exposure (gardener, animals, caves, travel)

Native lung colonization
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The efficacy of this approach is questionable, especially when
performed with inhaled amphothericin B. In alignment with
the recommendation of the International Society of Heart
and Lung Transplantation, antifungal prophylaxis should
not be routinely instituted.”!'” Nonetheless, invasive fungal
infections in lung transplantation have been associated with
high morbidity and mortality,'”*'”” and most often caused
by Aspergillus (72.7%), rather than non-Aspergillus species
(27.3%; e.g., Scedosporium, mucormycosis, Zygomycetes).'®
Reported risk factors include fungal colonization, idio-
pathic pulmonary fibrosis, older age, increased body mass
index, airway ischemia, single lung transplantation, sever-
ity of recipient clinical condition, and major construction

projects around the hospital center.'”

The diagnosis of inva-
sive aspergillosis in lung transplantation is challenging due
to the lack of specific clinical and radiological signs and
low sensitivity of culture-based diagnostic methods. Serum
galactomannan, proposed as surrogate marker for invasive
aspergillosis, carries low sensitivity in lung transplantation,
whereas galactomannan in the bronchoalveolar lavage has
low specificity.” Voriconazole is the recommended first-line
therapy for suspected invasive aspergillosis, while echinocan-
din, liposomal amphotericin B, isavuconazole, or posacon-
azole are alternatives.”!%>1%

Pneumocystis jirovecii (table 2) can cause severe pneu-
monia in lung transplantation recipients. Thus, prophy-
laxis with trimethoprim—sulfamethoxazole is commonly
instituted immediately after lung transplantation.” No
consensus exists about the adequate duration of this pro-
phylactic treatment. In our center, we have adopted lifelong
prophylaxis.”

Bloodstream infections are also severe complications in
lung transplantation recipients (incidence approximately
25%) and are associated with graft failure and increased
mortality (25% for bacteremia, up to 50% for candi-
demia).”>1%!1% Pneumonia is the most common source of
these infections and indwelling vascular catheters the sec-
ond. Empiric treatment of Candida bloodstream infection is
provided with echinocandin or, in case of resistance, with
liposomal amphotericin B.'” Tailored therapy according
to antifungal sensitivity when available is prescribed for
14 days from the first negative blood culture after removal
of contaminated central lines. Longer duration is recom-
mended in case of more serious infections, such as endocar-
ditis or endophtalmitis.”

Empyema, surgical wound infection, mediastinitis, and
pericarditis are other infective complications occurring after
lung transplantation with a considerable effect on mortal-
ity.""! In general, any drainable source of sepsis is aggres—
sively dealt with by percutaneous or surgical approach.

Nutritional Support and Management of Abdominal
Complications

The nutritional support of the lung transplantation recip-
ient differs according to the primary disease and the
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transplant-related complications.'”> Nonetheless, currently
no studies have evaluated the specific nutritional require-
ments of lung transplantation recipients and their impact
on outcomes."? Similar to patients receiving other solid
organ transplants or other major surgery, the total daily
calorie intake requirement during the early postoperative
phase 1s 25 to 35 kcal/kg (table 2). Oral feeding is generally
restarted after extubation and in the absence of complica-
tions (i.e., dysphagia, recurrent aspiration); in all the other
cases requiring prolonged mechanical ventilation and ICU
stay, starting early enteral nutrition is a clinical priority.'?
Lung transplantation recipients with cystic fibrosis deserve
specific considerations due to the frequently associated
pancreatic insufficiency and malabsorption of dietary fats,
proteins, carbohydrates, and fat-soluble vitamins.'" Enteral
nutrition with elemental or semielemental feed formula-
tions are provided to these patients, in association with pan-
creatic enzymes.'"*!"°

Oropharyngeal dysphagia is a frequent complication
after lung transplantation (54% of the patients screened),
especially in frail patients after prolonged intubation and
in those with recurrent laryngeal nerve injury resulting in
vocal fold paralysis. Both dysphagia and vocal fold paralysis
may increase the risk of aspiration. Assessment and treat-
ment by speech-language pathologists is recommended
to minimize these risks. Recent data suggest that clini-
cal bedside examination is not often sensitive and fails to
identify patients with deep laryngeal penetration and silent
aspirations; therefore, when the patient is able to resume
oral intake, instrumental testing including modified barium
swallow and fiberoptic endoscopic evaluation of swallow-
ing should be performed. This approach has been shown to
improve the immediate and short-term outcome after lung
transplantation.''®!"”

Gastroesophageal reflux is another very common
complication after lung transplantation and has been
associated with altered thoracic mechanics, postoperative
vagal nerve dysfunction, immunosuppressive treatment,
or the primary disease (e.g., scleroderma). Its manage-
ment with positioning of the patient (head of bed ele-
vated 30 degrees), proton pump inhibitors, and prokinetic
agents is critical since gastroesophageal reflux has been
associated with the development of chronic lung allograft
dysfunction.'"®

Other gastrointestinal complications may also occur
after lung transplantation.'” The immunosuppressive reg-
imen can reduce the intestinal transit time and blunt the
abdominal symptoms, which should thus not be under-
estimated.”” In the presence of any clinical suspicion of
gastrointestinal complications, early imaging (abdominal
computed tomography, with iv contrast if the renal func-
tion is not compromised) and prompt consultation with
the surgical team should be considered. Approximately
20% of these complications require surgical intervention.
Early surgical intervention is preferred over conservative or

Di Nardo et al.



Di Nardo et al.

expectant observation in these complex patients, where sys-
temic immunosuppression tends to mask key clinical find-
ings related to intra-abdominal catastrophes. Patients with
abdominal complications occurring in the first week after
lung transplantation requiring surgery have higher mortal-
ity compared with patients who had late surgical abdominal
complications. The most frequent causes of early post—lung
transplantation abdominal surgery are bowel ischemia and
bowel perforation.'?! The right colon is the most frequently
involved by ischemia. In contrast, the most common late
indications for surgery are perforations of the descending
colon due to inflamed diverticulitis. It is worth mentioning
that B-1-antitrypsin—deficiency lung transplantation recip-
ients have been reported to have an increased incidence of
early postoperative gastrointestinal complications.

Minor abdominal complications (vomiting, consti-
pation, diarrhea, and dyspepsia) are generally more fre-
quent and can be treated with laxatives or prokinetics. To
prevent distal intestinal obstruction syndrome in cystic
fibrosis patients, polyethylene-glycol electrolyte solutions
or N-acetylcysteine are administered enterally as soon as
enteral feeding is started and continued until the patient has
a first bowel movement.'?!

Conclusions

The postoperative management of the lung transplantation
recipient in the ICU is complex and can critically affect
the ultimate outcome. The perioperative management can
hence be optimally delivered only by the integrated care
provided by a multidisciplinary dedicated team with spe-
cific expertise in lung transplantation, including intensivists,
thoracic surgeons, pneumologists, infectious disease spe-
cialists, nurses, clinical pharmacists, physiotherapists, social
workers, and psychologists. The increasing number of lung
transplantations worldwide is saving more lives than ever of
patients with end-stage lung disease. The increasing age and
complexity of the recipients and the still considerable lack
of knowledge in this field warrant continued research and
clinical trials to further improve the care of these patients
and their short- and long-term outcomes.

Search Strategy and Selection Criteria

References for this review were identified through searches
of OVID Medline and PubMed from January 2009 to
December 2019, using the terms “lung transplantation,”
“critical care management,” “intensive care management,’
“postoperative “postoperative

complications.” Only articles published in the English

bR
management, and

language were included. We selected predominantly articles
from the past 10 yr, although we did not exclude earlier
reports, especially if they were highly cited articles or
unique or high-quality clinical trials. We also searched the
reference lists of articles identified by this search strategy
and selected the most relevant.
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