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Abstract
Atelectasis is a reversible factor in hypoxemia among brain-dead donors. In ineligible donors, prone positioning reverses 
atelectasis and improves oxygenation. We present a successful lung transplantation after salvaging a previously unviable lung. 
A 37-year-old woman presented with acute pontine hemorrhage that progressed to brain death. The initial partial pressure of 
oxygen  (PaO2)/fraction of inspired oxygen  (FiO2) ratio of the donor’s lung was 342 mmHg. The  PaO2/FiO2 ratio dropped to 
49 mmHg due to atelectasis. There was no improvement despite recruitment maneuvers, bronchoscopy, and chest percussion. 
After placing the donor in the prone position for four hours, electrical impedance tomography showed improved atelectasis. 
The donor did not experience hemodynamic instability. The lung was transplanted into a patient with Kartagener’s syndrome 
with situs inversus. The surgical procedure was uneventful. He was successfully weaned from the mechanical ventilator on 
the second-day post-transplantation and was discharged from the hospital after 4 weeks.
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Introduction

The demand for lung transplantation has increased recently, 
and the shortage of lung donors is a critical issue [1]. Annu-
ally, approximately 20% of anticipatory lung transplant 
patients worldwide die on the waiting list [2, 3]. Although 
the use of marginal donors has increased in response to this 
problem, several donor lungs are not used due to poor lung 
conditions [3]. One of the main reasons why donor’s lungs 

are not used is the low oxygen  (PaO2)/fraction of inspired 
oxygen  (FiO2) ratio [4]. In brain-dead (BD) donors, atelec-
tasis can occur due to the absence of cough and respiratory 
drive, resulting in ventilation-perfusion (V/Q) mismatch 
and hypoxemia [5]. Additionally, individual donor factors, 
especially risk factors such as mechanical ventilation, supine 
positioning, and obesity can lead to atelectasis [6]. Aggres-
sive lung management protocols that incorporate recruitment 
maneuvers, bronchoscopy, chest percussion, and lung-pro-
tective ventilation can be utilized to reverse the atelectasis 
and make donor lungs more suitable for transplantation [7]. 
However, in cases with no response to this conventional 
approach, prone positioning may be a viable alternative. 
We present a case of successful lung transplantation after 
salvaging a previously unviable lung via prone positioning.

Case

A 37-year-old woman presented with an acute pontine hem-
orrhage that progressed to BD. Her medical history was 
unremarkable, and she was a non-smoker. She was obese 
with a body mass index of 29 kg/m2. She was chosen to be a 
lung donor with a  PaO2/FiO2 ratio of 342 mmHg, the margin 
for donation. The next day, the  PaO2 dropped to 49 mmHg 
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on a  FiO2 of 1.0, and chest radiography demonstrated pro-
gressive right lower lobe infiltrates, suggestive of atelecta-
sis (Fig. 1a). Bronchoscopy showed full obstruction of both 
lower lobes by purulent sputum (Fig. 1b). The lung became 
unviable for donation. Despite aggressive lung manage-
ment, including recruitment maneuvers, bronchoscopy, and 
chest percussion, there was no improvement in the  PaO2/
FiO2 ratio. The donor was placed in the prone position for 
19 h, while continuing the routine treatments. After being 
in the prone position for four hours, electrical impedance 
tomography (EIT) showed improved atelectasis (Fig. 2a). 
The  PaO2/FiO2 ratio significantly increased (Fig. 3), and 
atelectasis disappeared on radiography (Fig. 2b). The donor 
did not experience significant hemodynamic instability or 
adverse events while in the prone position. The donor’s lung 
was transplanted into a 54-year-old man with Kartagener’s 
syndrome accompanied by situs inversus. At the time of 
procurement, the lung showed good compliance and mild 
edema in the dependent position of the bilateral lower lobe. 
The surgical procedure was uneventful, and primary graft 

dysfunction did not occur. Arterial blood gas analysis of the 
recipient, which was performed as soon as possible after 
the lung transplantation, showed a  PaO2 of 637 mmHg on a 
 FiO2 of 1.0. He was successfully weaned from the mechani-
cal ventilator on the second day of transplantation and was 
discharged from the hospital after 4 weeks.  

Discussion

This case showed that ventilation in the prone position of an 
ineligible donor lung reversed the hypoxemia and atelectasis. 
This ultimately resulted in a more viable transplant. The 
prone position acutely improved oxygenation in a hypoxemic 
BD donor with atelectasis without adverse events. However, 
in BD donors, if there is severe hemodynamic instability or a 
possibility that the organ to be transplanted can be damaged 
by abdominal wounds or multiple trauma, the prone position 
is not suitable. A careful approach is required depending on 
the donor’s condition [8].

Fig. 1  Images of donor lungs before prone position. a Chest radiograph, b Bronchoscopy

Fig. 2  Images of donor lungs after prone position. a Electrical impedance tomography, b Chest radiograph
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Atelectasis is a correctable problem that is common 
among donors. In a recent study, atelectasis was found in 
45% of donors using chest computed tomography (CT) [9]. 
The lungs of BD donors are easily obstructed due to exces-
sive secretions, atelectasis, infection, inflammation, and 
gravitational forces, which result in a ventilation-perfusion 
mismatch and dead space ventilation [10]. For marginal 
or unsuitable donors, aggressive lung management proto-
cols can improve oxygenation and allow lung transplan-
tation [11]. In this case, the donor’s hypoxemia was not 
corrected by the conventional recruitment maneuver. It 
returned to a viable state after the donor was in the prone 
position for 12 h. Traditionally, the prone position has 
been used for acute respiratory distress syndrome [12]. It 
allows the alveoli to open and participate in gas exchange, 
which increases  PaO2 [8]. Recently, Marklin et al. sug-
gested the effect of prone positioning in BD donors. The 
reaction to prone positioning started to occur after four 
hours, and a significant improvement in oxygenation was 
observed after 12 h, as seen in this case [7]. The improved 
oxygenation due to prone positioning is likely mediated 
by rapid positional improvements in the V/Q mismatch, 
enhanced postural drainage of secretions, and sustained 
improvements in atelectasis and shunting [7, 8, 12]. In 
this case, we confirmed the reversal of the non-aerated 
region with EIT instead of CT. As EIT is a non-invasive 
monitoring method that makes cross-sectional images of 
the chest through the analysis of transthoracic electrical 

conductivity, this technique is radiation-free and applica-
ble at the bedside. It is used for the evaluation of regional 
lung ventilation instead of CT in situations where it is 
difficult to conduct CT as in our case [13].

Currently, there are concerns about the development 
of complications or difficulties in evaluating other organs 
while the donor is in the prone position. The prone posi-
tion can be associated with a variety of complications, many 
of which are derived from increased pressure on anterior 
structures [14]. Inappropriate pressure on vital structures 
of the abdomen can cause ischemia and organ failure [15]. 
Obese donors, such as in this case, are at particular risk of 
increased abdominal pressure, increased venous pressure in 
the head, decreased cardiac output, and reduced end-organ 
blood flow. However, with proper supportive padding, these 
donors have better oxygenation in the supported prone posi-
tion, as mediastinal contents fall anteriorly facilitating venti-
lation. In a previous study, the only adverse event related to 
the prone position was arterial line dislodgment; there were 
no inadvertent extubations [8]. In our case, no complications 
occurred. In terms of evaluating other organs, the heart was 
first evaluated at the supine position, and the second evalu-
ation was performed when the donor was changed from the 
prone position to the supine position again. There was no dif-
ficulty in evaluating the heart and liver. In the same context, 
other studies have shown that there was no difference in the 
utilization of the heart, liver, and kidney with the donor in 
the prone and supine positions [4, 7].

Fig. 3  Changes of  PaO2/FiO2 
ratio
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The mortality on the waiting list has been high because of 
the imbalance between the number of available organs and 
potential recipients [3]. Therefore, it is necessary to increase 
the number of available lungs for transplantation through 
active lung management of marginal or unacceptable donors 
[8]. Although prone positioning has been widely accepted 
in the intensive care unit for refractory hypoxemia, it is still 
a novel treatment in lung donor management. This case 
showed that prone positioning salvaged marginal or unac-
ceptable donor lungs with presumptive atelectasis refractory 
to conventional management. It is a feasible technique to 
improve donor lung function.

Conclusion

Prone positioning acutely improved the oxygenation of a 
hypoxemic BD donor’s lungs with atelectasis. This was a 
safe and critical solution that improved the lung condition of 
a marginal or unacceptable lung and enabled transplantation.
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