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Abstract
The advancement in lung transplantation outcomes has been secondary to ongoing improvements within multiple medical
specialties. The recent emergence of literature describing the impact of anesthetic management on perioperative outcomes has
led to the beginnings of formalized training fellowships within lung transplantation anesthesiology. Practical considerations for
the development of a lung transplantation anesthesiology program, both clinical and educational, are herein described.

Keywords Lung transplantation . Thoracic surgery . Cardiothoracic anesthesiology . Education . Fellowship

Introduction

The fields of lung transplantation and cardiothoracic anesthesi-
ology have evolved rapidly since Dr. James Hardy performed
the first human lung transplant in 1963 [1, 2]. In the 58 years
since, advancements in both basic and clinical science have
allowed for the completion of over 70,000 lung transplants
[3]. In addition, the inception of the International Society for
Heart and Lung Transplantation (ISHLT) and International
Thoracic Organ Transplant (TTX) Registry has created a net-
work for advanced analysis and data exchange, setting forth the
framework for increased multidisciplinary teamwork similar to
that modeled by the Toronto Lung Transplant Group [4].
Improvements in the science of circulatory support, surgical
technique, and intraoperative anesthetic management have con-
tributed to significantly improve the survival and perioperative
outcomes in the lung transplant patient population [5, 6].
Perioperative care provided by lung transplant anesthesiolo-

gists can directly affect patient outcomes through optimized
perioperative management aimed to prevent or minimize pri-
mary graft dysfunction [4]. In addition, a focus on minimizing
technical complications and judicious blood management can
improve patient outcomes. For instance, technical complica-
tions, such as airway and vascular injury, have been reported
as the cause for over 11% of 0–30-day perioperative mortality
[4]. We propose that the development of a lung transplant an-
esthesiology program will not only provide the benefits of ed-
ucation in basic science, multidisciplinary research, and clinical
excellence, but also encourage a positive impact on patient
outcomes. In a recent white paper by the Society for the
Advancement of Transplant Anesthesia (SATA), milestones
were established to guide lung transplant education in adult
cardiothoracic anesthesiology fellowship programs. In addi-
tion, SATA experts argued that anesthesia for lung transplan-
tation requires targeted learning goals, milestones, and contin-
ued practice to gain proficiency [7]. The authors of this manu-
script concur, and further recommend the following specific
clinical and educational considerations for the development of
a comprehensive lung transplant anesthesiology program.
While currently there are no formal lung transplant anesthesia
fellowships, the authors propose that the following consider-
ations (Table 1) should serve as a platform for minimum clin-
ical and educational requirements in lung transplant anesthesia,
whether through incorporation within cardiac anesthesiology
fellowship curriculum or as a standalone educational program
for cardiothoracic anesthesiologists.
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Preoperative management of lung
transplantation

Exploring the foundations in themanagement of lung
transplantation

There are many basic principles that are essential to lung
transplant anesthesia education and clinical practice. These
principles are common in any fundamental anesthesia pro-
gram and not specific to the practice of lung transplant anes-
thesia. These basics which are outlined in the SATA mile-
stones include developing the ability to effectively communi-
cate with the patient, family, and multidisciplinary teammem-
bers, identifying patient safety issues, and demonstrating ef-
fective medical documentation [7]. In addition, performing an
appropriate history and physical examination, assessing the
patient’s clinical status, airway management for lung isola-
tion, and safely performing vascular access are all vital com-
petencies that must be mastered before entering transplant
anesthesiology training [7]. Lung isolation utilizing double-
lumen endotracheal tubes and endobronchial blockers is a key
element in cardiothoracic anesthesia that is a translatable skill
to lung transplant anesthesia. It is imperative for the anesthe-
siologist to understand the basic concepts of lung isolation,
including necessary safeguards and pitfalls. Core foundations
vital to a successful lung transplantation team member that

should be considered part of the curriculum in any anesthesi-
ology transplant program include understanding organ alloca-
tion, donor classifications and characteristics, basics of ex-
vivo lung perfusion, and basic surgical steps of lung transplan-
tation. These skills bridge across all medical specialties and
are essential in becoming a leader in the lung transplantation
team.

Exploring the role of anesthesiologists’ preoperative
management in lung transplantation

Transplant specific anesthesia education begins before walk-
ing into the operating theater and relies on a strong founda-
tional knowledge of basic anesthesia and physiologic con-
cepts, including the underlying physiology of etiology-
specific disease processes. Recent literature supports tailoring
anesthetic management to the underlying etiology in order to
improve perioperative outcomes [4, 5, 8]. As such, it is imper-
ative that the anesthesiologist commands the full ability to
optimize the anesthetic management and patient physiology
in patients with pulmonary hypertension, obstructive pulmo-
nary disease, suppurative pulmonary disease, and restrictive
pulmonary disease. Enhanced recovery after surgery (ERAS)
pathways should start in the preoperative period and the anes-
thesiologist plays a key role in the multidisciplinary clinical
care pathway of treatment. While no formal protocols have
been established for lung transplant patients, focusing on fun-
damentals of preoperative care optimization including nutri-
tion, baseline cardiopulmonary status, multimodal analgesia,
fluid management, and early mobilization is essential [9].

Intraoperative management of lung
transplantation

Although no data exist in the literature today supporting a
positive impact on lung transplant outcomes from preopera-
tive management, there are a myriad of data supporting the
impact of intraoperative management [4]. When appropriately
managed, anesthetic variables can influence outcomes such as
primary graft dysfunction (PGD) and complications [4]
(Table 2). This further emphasizes the need for standardized
clinical and educational approaches in the areas of anesthetic
and airway management, ventilation and oxygenation strate-
gies, mechanical circulatory support, intraoperative echocar-
diography, and intraoperative transfusion management [7].

Intraoperative anesthetic and ventilator
management strategies

Understanding the role that anesthesiologists play on the in-
traoperative management is key when developing a lung
transplant anesthesiology program. One of the most crucial

Table 1 Key clinical and educational considerations of a lung
transplant anesthesiology program

Fundamental anesthesia skills
- Basic surgical steps of lung transplantation
- Advanced airway isolation techniques, to include double lumen

endotracheal tube management
- Advanced perioperative echocardiography
- Regional analgesic techniques

Preoperative management
- Understanding of National organ allocation policy
- Knowledge of ex-vivo lung perfusion techniques
- Institutional multidisciplinary preoperative optimization protocols
- Engagement within the transplant selection committee process
- Anesthetic planning tailored to etiology of recipient end-stage lung

disease

Intraoperative Management
- Lung protective ventilatory strategy tailored to etiology of recipient

end-stage lung disease
- Institutional multidisciplinary protocol regarding initiation of

mechanical circulatory support
- Blood management strategy aimed at reducing transfusion of products
- Intraoperative echocardiography to assess pulmonary vasculature

anastomoses

Postoperative management
- Institutional multidisciplinary early recovery protocols
- Postoperative analgesia service with a focus on regional anesthetic

techniques
- Postoperative echocardiography service to provide rapid assessment and

diagnosis of cardiopulmonary instability
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steps in lung transplantation anesthesia is taken in airway
management and induction of anesthesia, especially for
high-risk patients. Understanding the underlying etiology for
which the patient is being transplanted allows for a tailored
induction and maintenance of anesthesia [8]. Lung transplant
patients have poor pulmonary reserve and often those with
pulmonary hypertension have right ventricular dysfunction.
In combination, these physiologic characteristics can lead to
hemodynamic crisis on induction of anesthesia. A critical part
of lung transplant management is learning these key charac-
teristics and skillfully manipulating anesthetic techniques for
optimized outcomes (Table 3). In patients with pulmonary
hypertension and right ventricular dysfunction, it is imperative
to account for changes in right ventricular preload or afterload
caused by fluid shifts, medications, hypoxia, or hypercapnia
[10]. In addition, clear understanding and mastery of complex
fiber-optic bronchoscopy, lung isolation techniques, and iden-
tification of airway anatomy, including bronchial segments
and anastomoses, are paramount in lung transplant anesthesia
[7]. For instance, in patients with suppurative disease, it is
prudent to consider placement of a single-lumen tube imme-
diately upon induction with subsequent therapeutic bronchos-
copy or decontamination protocol [11].

Another key element of lung transplant anesthesiology is
ventilator management strategy. Foundational knowledge of
oxygenation and ventilation physiology is built upon in com-
binationwith the key understanding of characteristics from the
underlying etiology of the patient’s presenting disease. For
instance, obstructive lung disease ventilation strategies aim
to avoid hyperinflation, reduce peak airway pressures, lower
tidal volumes, longer expiratory times, and increase respirato-
ry rates and possible permissive hypercapnia, while balancing

any potential complications as a result [8]. Similar strategies
should be applied for oxygenation and ventilation for each
underlying etiology. Another key emphasis for education is
ventilator management during and after allograft reperfusion.
Acute lung injury, secondary to ventilator-induced lung injury
on the allograft, can lead to primary graft dysfunction [12]. As
such, clinical management should be focused on appropriate
ventilation strategies that minimize lung injury. While there
are no current consensus statements or guidelines for allograft
ventilation, experts agree on utilizing overall lung protective
ventilation strategies, with augmentation of inhaled pulmo-
nary vasodilators, and mechanical circulatory support as need-
ed for respiratory failure [7].

The anesthesiologists’ role in the management of
mechanical circulatory support (MCS)

Institutional predilection and protocols, patient physiology, un-
derlying etiology, prior surgeries, and surgeon preference all
contribute to the determination if a recipient will undergo lung
transplantation on cardiopulmonary bypass (CPB), extracorpo-
real membrane oxygenation (ECMO), or in some cases with no
mechanical circulatory support (MCS). The anesthesiologist
must learn the key principles and main roles of MCS for lung
transplantation [7]. A strong grasp of rudimentary knowledge
such as cannulation strategies, anticoagulation management,
weaning strategies, and manipulation of fresh gas flow or
“sweep” and circuit flow to maintain oxygenation must be
obtained in order to build upon in a transplant anesthesiology
program. A successful lung transplant anesthesiology training
program will encompass both these basic concepts with more
advanced topics. Educational areas of emphasis should include

Table 2 Intraoperative anesthetic
variables influencing PGD and
technical complications (used
with permission from Martin,
A.K. et al., 2020) [4]

Factor Impact

FIO2>0.4 used during reperfusion Increased primary graft dysfunction

Increased administration of blood
products

Increased risk of mortality and
development of PGD

Increased intraoperative fluid administration Increased risk of PGD grade 3

Intraoperative echocardiography Decreased technical complications in
ECMO placement, indirect impact
on facilitating PGD-reducing
management strategies

Protective ventilation strategy Animal model shows attenuation of
ischemic-reperfusion injury and
improved lung function post-transplant

Use of propofol as TIVA Decreased incidence of acute kidney
injury as compared to sevoflurane

Use of sevoflurane preconditioning Animal model shows increased PaO2/FIO2

ratio, increased anti-inflammatory
cytokines, decreased proinflammatory
cytokines

ECMO, extracorporeal membrane oxygenation; FIO2, fraction of inspired oxygen; PGD, primary graft dysfunc-
tion; TIVA, total intravenous anesthesia
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understanding the intricacies in the different management is-
sues between ECMO and CPB, identifying the implications of
anesthetic management as it relates to ECMO and CPB, utiliz-
ing ECMO in both planned and unplanned circumstances, and
recognizing patients that will benefit from prolonged ECMO
[7, 13, 14]. Recent studies have shown that the use of intraop-
erative ECMO, compared to CPB, for lung transplant reduces
patient hospital length of stay (LOS), intensive care LOS, me-
chanical ventilation requirement, blood transfusion require-
ment, and 90-day mortality [13, 14], further emphasizing the
need for the anesthesiologists’ comprehensive understanding
of ECMO management. As such, it is important to define the
unique anesthetic challenges specific to the management of
lung transplantation performed with venoarterial (VA) or
venous-venous (VV) ECMO. VV ECMO is often used to
bridge patients in respiratory failure to lung transplantation,

offering full respiratory support. However, VV ECMO lacks
the ability to support a patient hemodynamically for pulmo-
nary hypertension and systemic hypotension, decompress the
heart for surgical visualization, or control reperfusion after
graft implantation [15]. VA ECMO in lung transplant func-
tions to provide adequate gas exchange, hemodynamic sup-
port, and controlled reperfusion after graft transplantation
[15, 16]. Planned prolonged postoperative VA ECMO has
been instituted for patients with pulmonary hypertension, right
ventricular dysfunction, and early primary graft dysfunction
[17]. A few key principles of intraoperative VA ECMO man-
agement for lung transplant include maintaining 20% of native
cardiac output and bypassing 80% through ECMO circuit [16,
17], sustaining cardiac preload with end-tidal CO2 >
20 mmHg, and preserving pulsatility in both pulmonary and
systemic arterial waveforms [16].

Table 3 Key points for perioperative management of presenting disease (used with permission from Martin, A.K. et al.) [8]

Presenting
disease

Suppurative Obstructive Restrictive Pulmonary hypertension

Phase of care

Preoperative Assess for presence of
chronic infection

Perform vascular
access ultrasound to
plan venous and
arterial access

Review pulmonary function tests and
imaging to assess degree of obstructive
disease

Ensure administration of bronchodilation
medications

Assess preoperative carbon dioxide levels
on arterial blood gas to stratify risk on
induction

Assess for common
preexisting
comorbidities
including GERD and
secondary pulmonary
hypertension

Take thorough history
regarding use of novel
antifibrotic
medications

Take thorough history regarding
functional status and other factors
associated with poor outcome

Review preoperative
echocardiography for
biventricular function and the
presence of RVH

Intraoperative Consider
decontamination
protocol if chronic
infection exists

Place single-lumen
tube immediately
and perform thera-
peutic bronchosco-
py

Consider utilization of
VA ECMO as
preferred
intraoperative
cardiac support

Consider lung hyperinflation as a cause of
hypertension

Consider ventilation strategies that
incorporate prolonged expiratory time

Consider utilization of VA ECMO as
preferred intraoperative cardiac support

Consider elevated
inspiratory pressures in
the setting of decreased
compliance as a cause
of hypotension

Consider utilization of
VA ECMO as
preferred intraoperative
cardiac support

Consider awake cannulation for
immediate ECMO support
preinduction

High-risk waypoints during
induction include positive
pressure ventilation, decreasing
the angle of bed height, and
medication effects on afterload

Consider utilization of VA ECMO
as preferred intraoperative cardiac
support

Consider RVOTO as a cause of
hypotension

Postoperative Awareness of
increased risk of
gastrointestinal and
endocrine
complications

Monitor
immunosuppression
levels closely
because of variable
biological uptake

If single lung transplant is performed,
maintain awareness of differential
compliance and use ventilation
strategies to decrease risk of
hyperinflation of native lung

N/A Consider postoperative prolongation
of VA ECMO in patients with PH
as primary cause

Perform serial echocardiography to
assess biventricular remodeling as
VA ECMO is weaned

GERD, gastro-esophageal reflux disease; RVH, right ventricular hypertrophy; RVOTO, right ventricular outflow obstruction; VA ECMO, veno-arterial
extracorporeal membrane oxygenation
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The anesthesiologists’ role in intraoperative
echocardiography

There is a dearth of evidence supporting the use of intraoper-
ative transesophageal echocardiography (TEE) as there are no
randomized patient-centered controlled trials demonstrating
positive outcomes [18] in cardiothoracic surgery and its use
in lung transplantation is only a class IIb indication [19].
Despite this, the benefits of real-time monitoring for hemody-
namic compromise, fluid resuscitation, ventricular dysfunc-
tion, pulmonary vein, and artery anastomosis evaluation con-
siderably outweigh any associated risks [20, 21]. Furthermore,
recent literature highlights cases where the use of TEE by
anesthesiologists led to the intraoperative diagnosis, and sub-
sequent intervention of pulmonary artery stenosis, right ven-
tricular dysfunction, and pulmonary vein stenosis [20]. As
such, incorporating advanced education in intraoperative
echocardiography is essential for a lung transplant anesthesi-
ology program [7]. In addition to obtaining a full perioperative
examination, a curriculum must also focus on the ability to
obtain and apply lung transplant–specific TEE data [7].
Critical points in education for TEE assessment include anes-
thetic induction for hemodynamic compromise, clamping of
the pulmonary artery before pneumonectomy which can lead
to right ventricular dysfunction and tricuspid regurgitation,
and at graft reperfusion assessing for coronary air embolism
[22]. After separating from ECMO or CPB to ensure adequate
blood flow through the lungs, further TEE evaluation for ste-
nosis should occur. Evaluation with color flow, continuous-
wave Doppler, and pulsed-wave Doppler of pulmonary veins
(PV) (Table 4) and pulmonary arteries (PA) (Table 5) can aid
in the diagnosis by determining turbulent flow and elevated
velocities [20, 23]. As many times the view of the left PA is
masked by the left main stem bronchus, this may be difficult
to visualize with TEE. Intraoperative TEE education should
be considered a core element of lung transplant anesthesiology
curriculum as effective and consistent use can contribute to
rapid recognition of critical intraoperative events and instan-
taneous intervention.

Patient blood management in lung transplantation

There are currently no consensus guidelines on intraoperative
transfusion and coagulation management for lung transplan-
tation. Undoubtedly, there is an increased risk of blood loss in
lung transplant patients due to the use of systemic
anticoagulation, CPB, or ECMO. As a result, blood product
transfusion is nearly ubiquitous in the perioperative lung
transplant period with recipients often receiving an average
of three units of packed red blood cells (pRBCs) [24].
Perioperative transfusion is not without risk and the transplant
anesthesiologist should be knowledgeable with the implica-
tions surrounding transfusion. In addition to typical

transfusion-related adverse reactions, such as transfusion-
associated circulatory overload (TACO), transfusion-related
lung injury (TRALI), pneumonia, and sepsis, it is important
to understand the consequences specifically in lung transplant
recipients. Transfusion of greater than four units of pRBCs is
associated with increased risk of PGD [12], while platelet
transfusion has been associated with increased risk of chronic
lung rejection, increased donor-specific human leukocyte an-
tigen (HLA) antibodies [25], and all-cause mortality [24].
Where possible, efforts should be taken to judiciously trans-
fuse transplant recipients.

Postoperative management of lung
transplantation

Exploring the role of anesthesiologists in
postoperative management in lung transplantation

The development of a successful lung transplant anesthesiol-
ogy programmust include an engaged and well-rounded post-
operative service line. The predominance of anesthesiologists
as primary post-surgical intensivists varies across the globe,
yet the principles for developing a lung transplant anesthesi-
ology program postoperative service line may be applied in
the case of primary intensive care consultant or secondary
consultant service role. As noted previously, the implementa-
tion of a comprehensive educational curriculum is crucial to
developing a lung transplant anesthesiology program [7]. The
potential impact of postoperative management on overall out-
comes has been reported in the literature, and three areas of
focus for postoperative service lines are the role of anesthesi-
ologists in early recovery, analgesic interventions, and periop-
erative echocardiography [4, 6].

The postoperative role of anesthesiologists in early
recovery from lung transplantation

Enhanced recovery protocols have been described as a way to
coordinate complex care plans among multidisciplinary teams
focused on improving outcomes in specific patient populations
[4, 26].While no specific protocols exist for lung transplantation
patients in the literature, an anesthesiology program should
glean principles from both published thoracic enhanced recov-
ery protocols, as well as various focused strategies for optimiz-
ing early recovery in lung transplantation [5, 9, 27–32].

In 2019, a group of international colleagues published the
guidelines for enhanced recovery after lung surgery on behalf
of the European Society of Thoracic Surgeons [9].
Recommendations for patients undergoing thoracic surgery
included 45 items covering the entire perioperative period.
One of the key recommendations in this paper related to post-
operative recovery is that of early mobilization and
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Table 4 Methods for assessing
pulmonary vein anastomoses by
TEE after lung transplantation
(adapted with permission from
Abrams, B.A. et al., 2020) [20,
23]

Technique Interpretation

TEE views LUPV: from ME2Ch, withdraw the probe slightly;
the vein is superoposterior to the LA appendage

LLPV: from ME4Ch, rotate probe left and advance

RUPV: from ME4Ch, rotate probe right and withdraw;
the vein traverses posteriorly to the SVC

RLPV: from ME4Ch, rotate probe right and advance

The use of color Doppler may help to identify the
location of individual PVs

2D assessment PV diameter should be greater than 5 mm (less than
5 mm may be associated with pulmonary cuff
dysfunction and graft failure)

Echogenic mass in PV may represent thrombus

Color Doppler PV flow should be laminar, non-turbulent

Spectral Doppler The presence of the usual triphasic pattern
(well-defined S, D, A reversal waves) likely
excludes PV

obstruction*

Normal S and D wave velocities are between 30 and 60 cm/s

Velocities greater than 1 m/s are suggestive of flow
acceleration owing to PV obstruction

Velocities greater than >1.59 m/s are suggestive of
pulmonary cuff dysfunction

LA, left atrium; LLPV, left lower pulmonary vein; LUPV, left upper pulmonary vein;ME2Ch, midesophageal 2-
chamber view; ME4Ch, midesophageal 4-chamber view; PV, pulmonary vein; RLPV, right lower pulmonary
vein; RUPV, right upper pulmonary vein; SVC, superior vena cava

* Indicates A wave reversal may not be present secondary to surgical distortion of the left atrium

Table 5 Methods for assessing
pulmonary artery anastomoses by
TEE after lung transplantation
(used with permission from
Abrams, B.A. et al., 2020) [20]

Technique Interpretation

2D assessment • Confirm position of PAC tip

• Echogenic mass in PA may represent thrombus

• Diameter of anastomosis should be at least 75% of the ipsilateral native PA

Color Doppler • PA flow should be laminar, nonturbulent

Spectral Doppler • Antegrade flow across the anastomosis should be limited to systole

• There should not be a significant pressure gradient across the anastomosis; compare to
diagnostic criteria for pulmonic stenosis

• Grading of pulmonic stenosis

Peak velocity (m/s) Peak gradient (mmHG)

Mild <3 <36

Moderate 3–4 36–64

Severe >4 >64

TEE views • Blunted PV velocities may suggest ipsilateral PA stenosis

• Right PA anastomosis: from MEAsc SAX, rotate probe right; consider advancing probe
slightly and increasing the omniplane 0–60° to optimize angle of incidence for spectral
assessment

• Left PA anastomosis: anastomosis is often obscured by left mainstem bronchus; consider
the use of “contact” echocardiography on the surgical filed

• Main PA: MEAsc SAX and MEAsc LAX to visualize tip of the PAC

LAX, long axis;MEAsc, midesophageal ascending aorta: PA, pulmonary artery; PAC, pulmonary artery catheter;
SAX, short axis
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physiotherapy (low evidence, strong recommendation). When
these recommendations were assessed by thoracic anesthesi-
ology colleagues, they noted the importance of perioperative
lung protective ventilation, non-pharmacologic post-operative
nausea and vomiting (PONV) prophylaxis, and pharmacolog-
ic PONV prophylaxis [28]. A recent single-center implemen-
tation of these protocols in thoracic surgery showed no signif-
icant difference in mortality, complications, length of stay, or
patient-reported pain scores [29]. However, they did note that
other studies which have shown improvements in outcomes
had a higher implementation compliance rate (>75%), as op-
posed to their reported rate of 60% [29]. Within lung trans-
plantation, a postoperative early recovery program should per-
haps focus on early mobilization, aggressive PONV prophy-
laxis, and high rates of compliance among the collaborative
multidisciplinary team.

In addition to application of principles from thoracic surgical
enhanced recovery guidelines, protocols for early recovery
should focus on available data describing intraoperative vari-
ables that may affect postoperative early recovery. Colleagues
from Foch Hospital noted that a low PaO2/FiO2 ratio (<200),
measured at the end of double lung transplantation, can predict
an increased intensive care unit (ICU) length of stay and
prolonged mechanical ventilation [30]. They also noted that
inhaled nitric oxide (iNO) dependency at the end of transplan-
tation was an early marker of increased risk of both PGD and
longer term poor outcome [31]. Whereas patient mobility is a
cornerstone of a thoracic early recovery protocol, Fessler et al.
noted that the etiology of end-stage lung disease (ESLD) can
affect postoperative recovery and extubation [5].
Retrospectively evaluating the course of all patients who
underwent double lung transplantation at their institution from
2012 to 2019, they noted that patients presenting with either
cystic fibrosis (CF) or chronic obstructive pulmonary disease
(COPD) were more frequently extubated in the operating room
than other etiologies of ESLD (p < 0.001) [5]. The examination
of their fast-track protocol and determining factors related to
extubation in the operating room were recently followed up,
with presenting ESLD, recipient body mass index, and PaO2/
FiO2 ratio 10 min after graft implantation noted to predict in-
traoperative extubation [32]. This study also reported that
extubation in the operating room was predictive of decreased
postoperative morbidity and mortality [32]. These important
studies, which revolve around predictive factors of early post-
operative morbidity, could be adapted by a lung transplant an-
esthesiology program to design an etiology-specific manage-
ment strategy for early recovery in lung transplantation [8, 32].

Postoperative role of anesthesiologists in
establishing an analgesia service

Due to the variability between patient presenting ESLD and
diverse associated morbidities, postoperative pain

management in the lung transplant population is challenging
[33, 34]. Poor analgesic control in these patients not only leads
to perioperative morbidities, but can lead to long-term chronic
pain resulting in decreased quality of life [35]. Therefore, it is
imperative that a lung transplant anesthesiology program de-
sign a postoperative analgesic service that is based on the
latest principles of multimodal analgesia to contribute optimal
care to patients during recovery.

Historically, thoracic epidural analgesia (TEA) has been not-
ed to be the gold standard within lung transplantation analgesia
[36]. Colleagues from the University of Washington recently
noted that preoperative placement of TEA resulted in decreased
ICU LOS, hospital LOS, and opioid consumption [36].
Alternative analgesic approaches have included the use of
paravertebral blocks, erector spinae blocks, and bilateral serratus
anterior plane blocks [37–40]. While large datasets do not exist
regarding the optimal regional analgesic approach to use within
lung transplantation patients, a tailored approach based on the
lung transplant program’s expertise and patient co-morbidities is
recommended to improve postoperative morbidities.

Postoperative role of anesthesiologists in
establishing an echocardiography service

A postoperative echocardiography service should be designed
to be available to evaluate the entire spectrum of lung trans-
plantation that the patient needs, including evaluation of the
implanted lung graft, biventricular function, pulmonary anas-
tomoses, and ECMO cannulae [20, 41–46].

While intraoperative echocardiography is focused mainly
on TEE, postoperative echocardiography may be either TEE
or transthoracic echocardiography (TTE). The emergence of
point of care ultrasound has led to the use of perioperative
ultrasound to evaluate implanted lung graft function, to in-
clude evaluation of pulmonary edema, pneumothorax, pleural
effusion, or pleural consolidation [41]. The use of frequent
echocardiographic evaluation of biventricular function is par-
ticularly important in patients presenting with primary pulmo-
nary hypertension as the presenting etiology of ESLD, as they
are at risk of hemodynamic instability secondary to right ven-
tricular outflow obstruction and postoperative biventricular
remodeling [42, 43].

Postoperative echocardiographic monitoring of the patency
of pulmonary vasculature anastomoses, both arterial and ve-
nous, is key for rapid diagnosis of acute graft dysfunction [20,
44]. Another etiology of acute graft dysfunction may lie in the
misalignment or malfunction of postoperative ECMO cannu-
lae. The postoperative echocardiography service should be
aware of the significant diversity of both VV and VA
ECMO cannulae configurations, as rapid assessment of hyp-
oxemia or hemodynamic instability may arise from a variety
of ECMO-related complications including recirculation, mal-
position, or thrombosis-related sequelae [45, 46].
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Conclusion

The evolving role of anesthesiologists as leaders in the peri-
operative multidisciplinary lung transplantation team exposes
the developing need for lung transplant anesthesiology educa-
tion programs. As the need for lung transplant grows, so does
the need for education programs focused on building multi-
disciplinary teams of dedicated medical specialists [47]. The
importance of developing an education program has been
highlighted in the literature, showing that the optimized intra-
operative management by anesthesiologists improves patient
outcomes [4, 5, 7]. The development of a clinical and educa-
tional program that focuses on lung transplant anesthesia,
from the preoperative multidisciplinary care pathway, through
comprehensive intraoperative management, to the multiface-
ted postoperative care, will further validate the role of anes-
thesiologists as leaders in the lung transplant team.
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