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Postoperative critical care management for lung transplant recipients in the intensive care
unit (ICU) has expanded in recent years due to its complexity and impact on clinical out-
comes. The practical aspects of post-transplant critical care management, especially re-
garding ventilation and hemodynamic management during the early postoperative peri-
od in the ICU, are discussed in this brief review. Monitoring in the ICU provides information
on the patient’s clinical status, diagnostic assessment of complications, and future man-
agement plans since lung transplantation involves unique pathophysiological conditions
and risk factors for complications. After lung transplantation, the grafts should be appropri-
ately ventilated with lung protective strategies to prevent ventilator-induced lung injury,
as well as to promote graft function and maintain adequate gas exchange. Hypotension
and varying degrees of pulmonary edema are common in the immediate postoperative
lung transplantation setting. Ventricular dysfunction in lung transplant recipients should
also be considered. Therefore, adequate volume and hemodynamic management with
vasoactive agents based on their physiological effects and patient response are critical in
the early postoperative lung transplantation period. Integrated management provided by
a professional multidisciplinary team is essential for the critical care management of lung
transplant recipients in the ICU.
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Introduction

Lung transplantation for patients with various end-stage
lung diseases has become an increasingly standard therapy
[1]. The first lung transplantation in Korea was performed
in 1996, and the numbers have steadily increased thereaf-
ter, with approximately 150 lung transplantations reported
annually since 2019 [2]. However, the number of patients
transplanted from intensive care units (ICUs) with me-
chanical respiratory support has steadily increased based
on the allocation system according to medical urgency,
technical improvements, and reports of beneficial out-
comes [3]. Therefore, the need for critical care before and
after lung transplantation has increased in recent years,
along with the multidisciplinary team approach [4,5]. Fur-
thermore, critical care issues are involved in the manage-
ment of early postoperative complications, as well as the
safe bridging of candidates by mechanical respiratory sup-
port.

The spectrum of early postoperative complications after
lung transplantation includes primary graft dysfunction,
arrhythmias, infections, non-pulmonary organ failure, and
anastomotic and pleural complications, as well as postop-
erative bleeding [6]. Therefore, prevention and adequate
management of these complications in the early postopera-
tive period may have a significant impact on lung graft
function and clinical outcomes [7]. Some complications
may be preventable or easy to recover from if managed ap-
propriately. However, the management strategies are rela-
tively unclear since robust evidence from systematic evalu-
ations or clinical trials is not fully available in many
situations [6,7]. In addition, other basic issues contribute to
the increased difficulty of caring for recipients in the ICU,
including mechanical ventilation (MV) support and hemo-
dynamic management. Current practice in ventilation and
hemodynamic management is mainly based on the results
of observational studies, the underlying pathophysiology,
and expert opinions, as high-quality evidence-based guide-

Copyright © 2022, The Korean Society for Thoracic and Cardiovascular Surgery

‘ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
e by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jchestsurg.org 325


http://crossmark.crossref.org/dialog/?doi=10.5090/jcs.22.067&domain=pdf&date_stamp=2022-08-05
https://doi.org/10.5090/jcs.22.067

JCS

https://doi.org/10.5090/jcs.22.067

lines are not yet available [8]. Therefore, the practical as-
pects of post-transplant critical care management, espe-
cially ventilation and hemodynamic management during
the early postoperative period in the ICU are addressed
herein.

Multidisciplinary team

Recipients are routinely transferred to the ICU immedi-
ately from the operating room after successful transplant
surgery. Generally, recipients are still intubated and some
might even require postoperative extracorporeal mem-
brane oxygenation (ECMO) support. Although weaning
from both MV and ECMO is primarily in the hands of the
intensivist, regular ICU rounds by the transplant team are
very important in order to monitor the patient’s clinical
status and obtain a comprehensive update on the patient’s
progress, including graft and other organ function, early
immunosuppressive therapy, wound and drain monitoring,
nursing information, and physical therapy [9]. Ideally, at
least 1 daily round should be attended by a thoracic sur-
geon, a transplant physician, and the intensivist as a team.
An infectious disease specialist should be part of daily
transplant team rounds, since infections are the most fre-
quent complications in the early postoperative period. A
clinical pharmacist should also be involved in the multi-
disciplinary team due to the complexity of immunosup-
pressive therapy, which has a narrow therapeutic index,
leading to potential severe adverse drug events and drug-
drug interactions in critically ill patients [10,11].

Postoperative monitoring in the
intensive care unit

Patients typically arrive in the ICU with a pulmonary
artery catheter (PAC) in addition to venous and arterial
lines in place, chest tubes to drain pleural spaces, and an
indwelling bladder catheter in place to fully monitor gas
exchange, hemodynamics, the amount of mediastinal and
pleural drainage, and urinary output. Patients should un-
dergo a full physical examination, evaluation of hemody-
namic parameters, and assessment of peripheral circula-
tion and perfusion upon arrival in the ICU, in addition to
communication among surgeons, anesthesiologists, inten-
sivists, and transplant physicians regarding intraoperative
events. Patients are generally hypothermic postoperatively.
This can increase the pulmonary vascular resistance and
the likelihood of bleeding and infection [12,13], and pa-
tients should be warmed using a forced air warming de-
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vice. Moreover, an evaluation of the position of the endo-
tracheal tube and the placement of lines, chest tubes, and
drainage catheters is essential.

ICU monitoring is similar to intraoperative monitoring.
Monitoring in the ICU is essential because it provides in-
formation on the patient’s clinical status, diagnostic assess-
ment of complications, and future management plans,
while monitoring in the operating room is designed to as-
sess acute changes in vital functions resulting from the pa-
tient’s response to medication and surgical manipulation
[14]. Therefore, arterial blood gas analyses should be per-
formed regularly for the early detection of gas exchange
abnormalities and acid-base imbalances. This will guide
the appropriate adjustments for respiratory and metabolic
support. In addition, venous blood samples are obtained to
monitor the complete blood count, coagulation profile, re-
nal profile, hepatic profile, and lactate levels. Bedside elec-
trocardiography and portable chest radiography are rou-
tinely performed at our center.

A PAC is routinely used starting in the operating room
even though there is a paucity of data on its use in the
postoperative lung transplantation period [15]. One of the
most common indications for PAC use is severe pulmonary
hypertension, given its high reliability in measuring beat-
to-beat pulmonary artery pressure [16]. Moreover, the PAC
can be used to evaluate right ventricular (RV) function,
which might be associated with the prognosis of lung
transplantation [17]. However, several studies have suggest-
ed that RV function normalizes in adult patients after lung
transplantation, even in patients with severe preoperative
RV dysfunction [18-21]. Therefore, there is no need to
monitor pulmonary hypertension or RV function postop-
eratively unless there are other problems that affect the
pulmonary artery pressure. Furthermore, cardiac function
could be evaluated with bedside echocardiography, includ-
ing RV function [17]. Therefore, the PAC itself can only be
beneficial after lung transplantation if its use guides thera-
pies that improve patient outcomes [15].

Management of mechanical ventilation

The goals of MV following lung transplantation are to
promote graft function, maintain adequate gas exchange,
and prevent ventilator-induced lung injury [7]. There have
been no large, multicenter trials to guide MV management
after lung transplantation despite the critical role of MV in
lung transplantation, and only a few studies have addressed
appropriate MV after lung transplantation [22,23]. Despite
wide variation in practice, the currently applied lung pro-
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tective MV strategies in lung transplantation have been ex-
trapolated from the practice guideline for MV patients
with acute respiratory distress syndrome (ARDS), since
experimental data suggest that all lung transplantation re-
cipients are at risk of ventilator-induced lung injury [24]. In
addition, the benefits of lung-protective ventilation extend
to surgical patients at risk for ARDS [25]. Interestingly,
however, a recent survey addressing MV practices after
lung transplantation has shown that many of the reported
practices did not conform to the consensus guidelines on
ARDS management [23].

Although low tidal ventilation (usually 6 mL/kg of pre-
dicted body weight) has been the preferred strategy even in
lung transplantation, a survey on MV following lung trans-
plantation indicated that recipient characteristics most
commonly determine tidal volume [22]. Titrating the tidal
volume to the donor-predicted body weight rather than the
recipient-predicted body weight reduces the risk of deliver-
ing insufficient or excessive tidal volume in size-mis-
matched allografts [26]. However, undersized allografts
might receive higher tidal volumes than oversized al-
lografts based on the donor-predicted body weight [27].
Therefore, adjustments of the adequate tidal volume should
be made based on gas exchange over the next several hours
following initial low-tidal volume ventilation. A driving
pressure higher than 15 cmH,O has recently been shown
to be strongly associated with mortality in patients with
ARDS; this corresponds to the pressure required for alveo-
lar opening (tidal volume/respiratory system compliance)
and is calculated as the plateau pressure minus positive
end-expiratory pressure (PEEP) [28,29]. This pressure can
be used as an indicator of ventilator-induced lung injury
risk [30]. Therefore, although it remains unclear how to
best reduce the driving pressure as part of lung protective
ventilation strategy in practice, driving pressure-guided
ventilation has been proposed as another technique to re-
duce postoperative pulmonary complications and improve
recovery in thoracic surgery patients [31]. However, the use
of a high PEEP to reduce driving pressure is generally
avoided due to its potential negative effects on the healing
of bronchial anastomosis and alveolar overdistension in
grafts [5].

Weaning from MV is usually completed within 72 hours,
and extubation is performed in the ICU in non-complicat-
ed patients after lung transplantation. The median MV du-
ration after lung transplantation is 2 to 3 days [22]. MV
weaning is usually intentionally performed slowly in pa-
tients with a high risk of severe graft dysfunction or inade-
quate gas exchange [32]. Lung allografts involve a disrup-

tion of the nerve supply as a consequence of harvesting
from the donor. A weak cough, poor respiratory mechanics
caused by deconditioning, and inadequate pain control
lead to an inability to clear airway secretions. Therefore,
early tracheostomy should be considered when more than
1 week elapses before weaning from MV [33].

Pulmonary vasodilator inhalation including nitric oxide
(NO) has been proposed as a method to prevent isch-
emia-reperfusion injury after lung transplantation, but it
did not prevent graft dysfunction in randomized con-
trolled trials [34-36]. Therefore, the routine use of inhaled
NO in lung transplantation is not recommended, but its
selective use is recommended for patients with severe graft
dysfunction showing severe hypoxemia and elevated pul-
monary artery pressure [37]. Inhaled epoprostenol was re-
cently reported to be equivalent to inhaled NO for prevent-
ing severe graft dysfunction [38]. However, it remains
unclear whether either inhaled NO or epoprostenol con-
ferred any benefit and whether their routine use to prevent
graft dysfunction should be supported.

In patients with severe graft dysfunction, MV may be in-
sufficient to provide adequate gas exchange, and high ven-
tilator settings may be harmful to the allograft. ECMO
support could be an efficient rescue therapy for this critical
presentation [39]. It is generally accepted that early ECMO
institution leads to improved salvage rates [40]. Several
case series have shown that recipients with refractory graft
dysfunction requiring ECMO experienced long-term sur-
vival similar to that reported in patients not supported
with ECMO [41]. These data support the use of ECMO to
manage severe graft dysfunction, particularly to correct re-
fractory hypoxemia and to reduce additional damage from
MYV to the already injured graft. The high incidence of
complications, such as bleeding, vascular injury, and neu-
rologic deficits, has been a major concern when using
ECMO in the postoperative period after lung transplanta-
tion, although the incidence of such complications has dra-
matically decreased in recent years [42]. Debate continues
regarding the ECMO type that should be used. However,
veno-venous ECMO is recommended to support most pa-
tients with severe graft dysfunction, even in the setting of
hemodynamic compromise [43].

Management of hemodynamics

The initial hemodynamic management goal following
lung transplantation is to maintain adequate organ perfu-
sion, which is monitored by measuring lactate, urine out-
put, and mixed venous oxygen saturation, if available.
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However, transplanted lungs have varying degrees of pul-
monary edema as a result of increased vascular permeabil-
ity and disrupted lymphatic drainage [44,45]. In addition,
increasing cardiac output with inotropes, with or without
vasopressors, may also contribute to pulmonary edema by
increasing the amount of flow through the lung allograft.
Therefore, individualized management is required to
maintain adequate perfusion pressure balance with the
lowest possible cardiac output to reduce the exacerbation
of pulmonary edema risk. Postoperative volume status
management is actually an area of considerable heteroge-
neity in practice [23]. The implementation of a dedicated
protocol that maintains specific hemodynamic targets has
been shown to be associated with reduced graft dysfunc-
tion severity [46]. In addition, the use of fluid restriction
strategies was found to be unrelated to increased vasopres-
sor use or renal function deterioration [47]. These data
suggest the potential benefits of more aggressive diuresis
and fluid restrictions in the early postoperative period af-
ter lung transplantation.

Hypotension, which is common in the immediate post-
operative setting, is generally caused by systemic inflam-
matory response syndrome from the surgical insult, with
low systemic vascular resistance, medication-induced hy-
potension, hemorrhage, tamponade, and heart failure [4].
The management should be causally determined, including
volume management and transfusions, vasopressor or ino-
trope application, bleeding diatheses correction, and surgi-
cal revisions. Patients with low systemic vascular resistance
may need additional vasopressor treatment, with norepi-
nephrine and vasopressin being the preferred agents. Vaso-
pressin does not increase pulmonary vascular resistance

since V1 receptors are not present in the pulmonary arter-
ies. Several studies have demonstrated that vasopressin can
effectively ameliorate systemic hypotension without in-
creasing pulmonary vascular resistance [48]. Norepineph-
rine has been shown not only to slightly increase pulmo-
nary vascular resistance, but also to improve RV function
through its inotropic effects. This may indicate an advan-
tage of norepinephrine in patients with impaired RV func-
tion requiring vasopressors [49], but it poses a risk of ar-
rhythmia. However, the addition of vasopressin to
catecholamine vasopressors was significantly associated
with a lower atrial fibrillation risk [50]. Therefore, the
choice of inotropes and vasopressors in postoperative lung
transplantation care should be made with consideration of
their effects on systemic and pulmonary vascular resis-
tance (Table 1) and should be individualized based on pa-
tient response.

The risk of pulmonary edema is higher with transient
diastolic dysfunction of the left ventricle (LV), which be-
comes incapable of handling a normal preload in the early
postoperative period in patients with significant pulmo-
nary hypertension before lung transplantation [51]. The
small and “deconditioned” LV of patients with severe pul-
monary hypertension is prone to developing diastolic dys-
function when exposed to a normal or high preload after
transplantation, resulting in elevated left-sided filling pres-
sures and pulmonary edema [52]. Bridging this period with
veno-arterial ECMO has been described for the postopera-
tive management of recipients with severe pulmonary hy-
pertension as a way to specifically address these issues and
allow time for recovery of the “deconditioned” LV, which
can take several days [51-54].

Table 1. Physiological effects of inotropes and vasopressors for critical care management in lung transplantation recipients

Vasoactive agents CO SVR PVR Risk of arrhythmia
Inotropes
Dobutamine
Low dose (<5 pg/kg/min) t <or | ! +
High dose (5-15 pg/kg/min) t1 | < ++
Dopamine
Low dose (<5 pg/kg/min) t <or - +
Medium dose (5-10 pg/kg/min) t t t ++
High dose (10-20 pg/kg/min) t tt f +tt
Milrinone tt L | +++
Vasopressors
Norepinephrine t tt «or ! ++
Vasopressin “or } tt —or |} +2

CO, cardiac output; SVR, systemic vascular resistance; PVR, pulmonary vascular resistance.
“Based on a recent systematic review and meta-analysis of 23 trials that included 3,088 patients with distributive shock, the addition of vasopressin
to catecholamine vasopressors compared with catecholamine vasopressors alone was significantly associated with a lower atrial fibrillation risk [50].
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Conclusion

The postoperative critical care management of lung
transplantation recipients in the ICU is complex and can
critically affect the clinical outcome. Therefore, appropri-
ate monitoring and a multidisciplinary team approach are
essential. The grafts should be appropriately ventilated
with lung-protective strategies to prevent ventilator-in-
duced lung injury, as well as to promote graft function and
maintain adequate gas exchange. Hypotension and varying
degrees of pulmonary edema are common in the immedi-
ate postoperative setting after lung transplantation. Ven-
tricular dysfunction in lung transplant recipients should
also be considered. Therefore, diuresis and adequate sup-
port with inotropes and vasopressors based on the physio-
logical effects and patient response are critical in the early
postoperative period after lung transplantation.
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