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Abstract

Careful donor quality assessment and size match can impact long-term survival in lung transplantation. With this article, we
review the conceptual and practical aspects of the preoperative donor lung quality assessment and size matching.
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Introduction

Once a donor is available, the blood type—matched recipi-
ents listed at different hospitals within 250 nautical miles of
the donor hospital start receiving offers in the chronological
order of allocation score. The allocation system is designed
to prioritize organ allocation to sickest patients minimiz-
ing the ischemia time that occurred by travel; however, the
system has been continuously debated, criticized, and modi-
fied [1-3]. In the USA, the hospital having the highest lung
allocation score recipient within 250 nautical miles of donor
location gets the offer first.

Upon receiving a call from Organ Procurement Organi-
zation (OPO) for a donor offer, the physician assesses the
quality of the donor first and then determines the size match-
ing. If the quality of the organ is perceived to be subopti-
mal or the primary recipient is found to be a size mismatch,
the offer trickles down to other recipients listed at different
hospitals within 250 nautical mile radius in the descending
order of lung allocation score. After the 250 nautical mile
list is exhausted, the offer is extended to a larger radius.

If donor lung quality and size match are acceptable, the
offer is accepted provisionally by that institute after confirm-
ing an acceptable virtual cross-match. The donor risk profile
is discussed with the recipient in detail and once the recipi-
ent agrees, the institute then sends a procurement team to
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the donor hospital and the final acceptance is decided after
performing an intraoperative assessment.

With this article, we review the conceptual and practical
aspects of the preoperative donor lung quality assessment
and size matching.

Donor quality assessment

In order to assess the quality of the donor, the following
things are taken into consideration—history of current
admission, past medical history, past surgical history, cause
of death, the most recent chest x-ray, and computed tomog-
raphy (CT) scan, bronchoscopy, sputum cultures and most
recent blood reports along with arterial blood gases accord-
ing to standardized protocol mentioned in the “Donor man-
agement protocol” article of this special issue.

An ideal or standard donor criteria (SDC) guidelines
(Table 1) were originally drafted in 1993 [4], and have
remained largely unchanged since then [5]. Extended donor
criteria (EDC) refers to the use of donor lungs that do not
meet the standard criteria for transplantation; however, EDC
does not imply marginal or sub-standard quality [6]. The
definition of EDC is not uniform and varies among institutes
[7-9].

We discuss practical situations pertaining to extended
criteria donors and review the relevant literature.

Age

In the last 5 years, the International Society of Heart and
Lung Transplantation (ISHLT) registry has shown an
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Table 1 Characteristics of ideal [4, 5, 10-12] and extended criteria [6, 12, 13] donors

Ideal donor

Grey zone

Extended criteria

Age less than 55 years

Brain-dead donors

ABO compatibility

Clear serial chest x-ray

PO2/FiO2 ratio more than 300, preferably
more than 400

Cigarette smoking history less than 20 pack-
years

Absence of chest trauma

No signs of aspiration in CT scan, minimal
atelectasis

No evidence of sepsis

No prior cardiopulmonary of surgery

A sputum Gram stain absent for organisms
Absence of purulent secretions on bronchos-

copy
No obvious anatomical abnormality

Marijuana smoking, vaping, cocaine snorting

Minor Lung contusion, no pneumothorax

Questionable signs of aspiration and presence
of atelectasis

Suspicion of sepsis

Previous cardiac surgery without opening the
pleura (valvular heart surgeries, VSD /ASD/
PDA repairs in childhood)

A sputum Gram stain positive for relatively
benign organisms

Some mucopurulent secretions with question-
able evidence of repooling

Age more than 55 years, up to 75 years
Donation after circulatory death

PO2/FiO2 ratio less than 300

Cigarette smoking history more than 20 pack-
years

Chest trauma, blunt or penetrating, pneumo-
thorax requiring chest tube insertion, Emer-
gency department thoracotomy

Clear signs of aspiration and dense pneumonia
in CT scan

Fever, leukocytosis, positive blood culture and
sepsis

Previous cardiac surgery

Gram stain positive for virulent organisms or
Multidrug-resistant bacteria

Presence of purulent secretions with prompt
repooling on bronchoscopy

Estimated ischemic time less than 6 h —

Proximity of right upper lobe bronchus to
trachea, other anatomical abnormalities
Estimated ischemic time more than 6 h

increased usage of donors older than 55 years. In Europe,
the percentage of donors over 55 has steadily increased, with
34% of donors over the age of 55, and 21% older than 60
[14].

Multiple centers have reported their encouraging outcome
suggesting that old non-smoker or less frequent smoking
donor lungs may be acceptable [15-17]. Hecker et al. [16]
reported that very old donor (> 70 years) with a lower per-
centage of smoking history and short ventilation time, had
non-inferior survival compared to other donor age groups.
Renard et al. [17] reported that carefully selected lung grafts
from donors above 65 years of age are associated with simi-
lar outcomes compared to younger donors. Sommer et al.
[15] reported that usage of donor lungs aged > 70 years is
safe and showed better functional outcomes when used in
emphysema patients.

In a larger United Network of Organ Sharing (UNOS)
database analysis, Hall et al. [18] found that donors older
than 60 years had the worst survival compared to all other
donor age ranges in unadjusted analysis. However, the
study also suggested that a significantly higher number of
older donors were chosen for older recipients, which is an
extremely common practice. Upon performing propensity-
matched analysis based on relevant covariates for older
recipients, they found no difference in survival [18].

Analyzing 18,673 patients in the UNOS registry, Cham-
bers et al. [19] reported that the hazard ratio of 10-year
mortality increases significantly with recipient’s age while

donor’s age had a very minimal impact (Fig. 1). How-
ever, the risk of death while waiting for the lung transplant
must be able to justify the use of a donor older than the
recipient.

Cause of death
Drug overdose of intracranial bleed

Approximately 95% of lungs utilized for transplant in
the USA come from brain-dead donors. The majority of
brain-dead donors in the USA have died of drug over-
dose or intracranial bleed. Typically, after a drug over-
dose or sudden onset of intracranial bleed, the patient is
found unconscious by a family member or bystander, and
cardiopulmonary resuscitation is initiated by them or by
emergency medical service. Because of profound hypoxia,
brain sustains irreversible hypoxic injury resulting in brain
death. The patients may have a history of profound vomit-
ing secondary to a rise in intracranial tension caused by
CO, retention or intracranial bleed. Sometimes, emergency
medical service responders may have to utilize the laryn-
geal airway at the time of cardiopulmonary resuscitation
because of oral secretions or vomiting. These patients are
at risk of developing aspiration pneumonia. A careful con-
sideration of history and evaluation of CT scan can help to
rule out aspiration pneumonia.
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Trauma

Traumatic head injury leading to brain death comprises
a significant portion of donors. Commonly, the donors
have concomitant blunt chest wall trauma. Most common
manifestation of blunt trauma is pulmonary contusion.
Oftentimes, the patients require chest tube insertion for
pneumothorax at the time of initial presentation; however,
this should not preclude from a donation in many cases as
majority of small lung injuries heal in 24—48 h of initial
presentation and air leak can no longer be observed in the
chest tube [20]. Persistent pneumothorax, subcutaneous
emphysema, or air leak may adversely affect suitability.
A careful intraoperative evaluation at the time of pro-
curement is very important in this situation. In carefully
selected cases, the outcomes are acceptable [20]. Massive
blood transfusion and disseminated intravascular coagu-
lation (DIC) is a frequent accompaniment of significant
head injury, occurring up to 28% of all organ donors [21].
DIC may result in major organ dysfunction, most notably
the lungs. Despite that, in absence of serious thrombosis
or hemorrhage, organs may be accepted in selected cases
[22].

Donor age (years)

Hanging

Lung allografts from hanging donors are historically consid-
ered marginal. It is believed that post-obstructive barotrauma
and injury to alveolar-capillary barrier increases capillary
permeability [23, 24]. Moreover, when the compression is
suddenly removed, a prompt variation in venous return and
intrathoracic pressure leads to reperfusion pulmonary edema
with hyperemia [23, 24]. Bennett et al. suggested that hang-
ing donors may have higher pulmonary vascular resistance
and higher peak airway pressure (PAP) [25]. Most centers
are very conservative when selecting these types of donors
[24, 25]. However, contrary to common belief, allografts
from hanging donors may be usable [25] and no statistically
significant difference is reported at least in short-term and
mid-term survival between hanging donor versus conven-
tional donors [24, 26-28].

Drowning
Death by submersion or drowning is another debatable

topic. As per UNOS database, a very few number of
transplants happened from donors died of drowning [26]
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suggesting scarcity of data. Following a drowning event,
voluntary apnea occurs which is only sustained temporar-
ily. With eventual rise in alveolar CO, levels, involuntary
breathing happens (sometimes because of preceding neu-
rological damage secondary to hypoxia), often leading to
aspiration. On the other hand, approximately 10-15% of
individuals develop severe and sustained laryngospasm,
preventing aspiration of water or gastric contents—“dry
drowning” [26]. Cooler temperature, dry drowning,
microbiologically sparse environment (i.e., Alaska or
Himalayas), deeper bodies of water, and lack of preceding
neurological damage are favorable donor criteria follow-
ing drowning [29]. Objectively, if the imaging does not
show any evidence of aspiration or lung edema and pO2/
FiO2 ratio is good enough, a bronchoscopy can help to
determine the evidence of aspiration [26, 29].

Smoking

Tobacco smoking is widely prevalent amongst all age
groups, hence amongst the majority of donors. Selection
of donors with a smoking history of more than 20 pack-
years is typically not advised [10]. However, due to the
scarcity of available allografts, the risks of smoking have
to be weighed against the risks of wait-list mortality [30].
The effects of smoking on lung function over the time
after lung transplant are not very well described [30].
Conflicting evidence exists regarding usage of smoker
donors, some studies showed similar survival [7, 31]
while others showed worse survival [30] and some sug-
gested impaired short-term survival but similar mid-term
outcomes [32]. A combination of older donor and smok-
ing history of about 20-pack-years may result in inferior
outcomes [30]. Objectively, differences in parameters
of small airway obstruction and pulmonary function
test (PFT) at 8 weeks postoperatively are not significant
between the donors with smoking history and those with-
out smoking history [33].

Despite encouraging evidence, one should be carefully
selecting the donors having more than 20 pack-years his-
tory of smoking. Clearly, donors with emphysematous
lungs must be avoided. A careful evaluation of CT scan
will help to rule out emphysematous changes (Fig. 2).
Many donors with extensive smoking history do not
develop emphysematous changes. In such cases, deci-
sion should be based on the urgency of the transplant
and multiple other factors like donor age, gas exchange,
length of intubation, bronchoscopy findings, etc. At the
time of procurement, a careful evaluation of all areas,
especially apices, must be done to rule out bullous or
emphysematous changes.

Fig.2 CT scan of a 56-year-old donor with 35 pack-years of smoking
history suggesting airway hyperinflation and increased radiolucency
in anterior lung segments (white arrows)

Bronchial asthma

Theoretically, lung transplantation should denervate the
donor lungs and bronchial asthma should not be a prob-
lem in the recipient. However, no scientific data is avail-
able on donor-derived bronchial asthma. This selection of
lungs from the donors having a history of bronchial asthma
remains subjective and largely depends upon the aggres-
siveness of the program.

Three distinct categories can be defined in the donors
having a history of bronchial asthma.

1. The donors who died of status asthmaticus—such donors
typically have hypercarbia and moderate to severely ele-
vated PAP. It is not recommended to use such lungs for
transplantation purposes [34].

2. Well-controlled bronchial asthma on frequent or regular
medical treatment for bronchial asthma—such donors
are classified as high risk [35], therefore, usually not
preferred. The risk of utilizing such donor lungs must
be justified by severity of the recipient’s disease.

3. The donors who had a history of bronchial asthma, not
on treatment or requiring infrequent treatment, or hav-
ing history of exercise-induced asthma—such donors
are usually classified as moderate risk [35] but can be
accepted in selected cases with reasonable outcomes
[34].
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Marginal oxygenation

Prolonged ventilation (> 7 days) and tracheostomy are red
flags but not absolute contraindications. With prolonged
ventilation in a supine position, donors frequently develop
basal atelectasis and mucus plugs resulting in suboptimal
gas exchange [36]. In this scenario, one should seek for
the serial values of paO2/FiO2 ratio during the entire
admission. If paO2/FiO2 ratio in any of the blood gas is
more than 400 and the most recent CT scan only suggests
atelectasis, the lungs may be usable. Moreover, bronchos-
copy findings also help to differentiate between atelec-
tasis versus pneumonia. Mucus plugs can be removed
using bronchoscopy and atelectasis can be treated by Val-
salva. Frankly purulent secretions with immediate repool-
ing from the distal airways would suggest more towards
pneumonia.

Because of dependent atelectasis, intraoperative paO2/
FiO2 ratio is usually higher than the one recorded in the
intensive care unit (ICU) from the arterial line [36]. A hard
cut-off of paO2/FiO2 ratio at 300 could result in up to 36%
of loss in donor organs [36].

Pneumonia or severe atelectasis results in intrapulmonary
shunting of the blood giving suboptimal paO2/FiO2 ratio in
systemic arterial blood gas. In such cases, individual pulmo-
nary vein blood gases can help to determine the quality of
the contralateral lung.

In morbidly obese patients, bilateral dense basal atelecta-
sis, secondary to chest wall strapping phenomena [37], often
results in suboptimal arterial blood gases. Majority of times,
after opening the donor’s chest and providing Valsalva, the
atelectasis goes away and paO2/FiO2 ratio improves [38].

Ventilator parameters and lung compliance
assessment

In order to achieve uniformity, OPOs have standardized ven-
tilator management on lung donors in USA. At the time of
offer, physicians must verify the donor’s tidal volume, posi-
tive end-expiratory pressure, respiratory rate, and ventila-
tor Fi02. In addition to the assessment of paO2/FiO2 ratio,
analyzing the lung compliance can provide an excellent idea
about any existing pulmonary disease or pulmonary edema.
Generally, prolonged ventilation and tracheostomy are not
prohibitive for lung donation provided the quality is per-
ceived as adequate otherwise.

Compliance is defined as the change in volume that
occurs per unit change in the pressure of the system. For
practical purposes, the donor lung compliance is assessed
by PAP and plateau pressure (Pplat). PAP above 25 cm of
water and Pplat above 20 cm water may suggest lung edema
or airway obstruction.

Infection

Growth of multidrug-resistant Staphylococcus aureus or
other multi-drug resistant bacteria with radiographic evi-
dence of extensive pneumonia bars the usage of the donor
lungs. However, in absence of significant radiographic evi-
dence of pneumonia, positive bronchial cultures for drug
sensitive bacteria should not have any significant impact on
30 day mortality [39, 40], primary graft dysfunction [40],
or ICU stay [39]. Recently, a single center study from Korea
reported that high levels of preexisting multi-drug resistant
bacteria in donor lung allografts does not increase chances
of early peritransplant pneumonia and mortality rates [41];
however, this practice is not widely adopted.

Positive blood culture should not be considered as an
absolute contraindication to transplantation. The recipient
should receive appropriate antibiotics during the peritrans-
plant period to minimize the potential risk of transmission
of infection [42].

Malignancy

Any history of malignancy should raise an alarm. An active
malignancy in the donor usually precludes the organ dona-
tion as the Cincinnati Transplant Tumor Registry reported
an unacceptably high rate of tumor transmission in the
patients receiving organs from the donors with malignancies
[43]. Only localized and excised skin (commonly basal cell
carcinoma) or in situ cervical cancer, and primary central
nervous system malignancies that rarely metastasize, albeit
in the absence of major surgical excision or placement of
intraventricular shunts, may be suitable for organ donation
[10]. A duration of remission and oncology expert opinion
could provide reasonable confidence in decision making. In
such cases, details of chemotherapy and radiation must be
extracted as drugs like bleomycin and chest radiation can
cause pulmonary fibrosis.

Hepatitis C virus-infected donors.

Transplantation of organs from hepatitis C virus
(HCV)—infected donors into uninfected recipients typically
leads to chronic HCV infection in up to 82% of recipients
[44]. With development of potent direct-acting antiviral
agents to treat HCV infection has provided an opportunity to
treat such infection in the recipients. However, this practice
is not widely accepted yet for lung transplant.

A nucleic acid test (NAT) is performed in donors with
a positive antibody test to rule out viremia. Although a
negative NAT rules out viremia and implies that the risk of
infection transmission from such donors is negligible [45],



5406 Indian Journal of Thoracic and Cardiovascular Surgery (September 2021) 37 (Suppl 3):5401-S415

centers typically have been conservative about selecting
donors with positive antibody test because of lack of data
on long-term outcomes.

Some centers have been very aggressive even for NAT-
positive donors. Recently, in a single center (DONATE
HCV) trial, Woolley et al. [44] reported successful treatment
of all donor-derived HCV infection and acceptable short-
term outcomes [46]. Typically, after the transplant from
NAT positive donors, antiviral treatment is started within
few hours once the recipient becomes stable enough.

Donation after cardiac death

Although donation after cardiac death (DCD) donors have
been slowly increasing, the majority of centers are still con-
servative and DCD transplant remains a minority of trans-
plants performed in the USA [47]. Carefully selected DCD
lungs provide excellent outcomes [47]. Details about DCD
donors are not included in this article.

Donor lung score

Multiple donor lung score calculators were developed in
order to objectively quantify the donor lung quality [35,
48-50]. However, a large-scale validation and hence utili-
zation of such scores are not done yet. The existing litera-
ture mentions retrospective score calculation and outcome
analysis based on that. Prospective trials have not been done
yet comparing the donor lung score versus intuitive manual
evaluation.

Notably, due to population heterogenicity, utilization of
European lung donor score may not be useful in the USA
or Asian countries or vice versa. Majority of such scores do
not include the most important parameters which require
subjective assessment (i.e., CT scan, X-ray, or bronchos-
copy evaluation). Moreover, they may not be very practical,
especially for high-volume centers, which generally receive
approximately 1000-3000 lung offers every year.

Screening for active Corona Virus Disease 2019
infection

In the era of the Corona Virus Disease 2019 (COVID-
19) pandemic, institutional protocol to rule out COVID-
19 infected donors must be established and modified as
needed as the knowledge base is dynamically expand-
ing [51]. Recently, the organ procurement and transplant
network published a summary of current evidence and
information regarding donor COVID-19 testing in organ
recovery [52]. According to the report, an active COVID-
19 infection is defined as “an immunocompetent donor
with a history of confirmed COVID-19, 21 days from
the date of disease onset and COVID-19 detected in a

respiratory sample or an asymptomatic donor with detec-
tion of COVID-19 in a respiratory sample without reli-
able history” [52]. The ISHLT also published a revision
of guidelines on February 1 [53].

UNOS and OPOs in the USA have provided guidelines
for preoperative screening of COVID-19 symptoms in
donors [53].

At our institute, we consider following protocol. The
donors must have at least 2 separate COVID-19 tests, one
of them must be bronchoalveolar lavage specimen, and a
non-contrast high-resolution CT scan within 48 h of the
offer. Even if the donor’s COVID-19 test is negative, infor-
mation like donor’s recent direct or indirect exposure to
COVID-19 positive person, number of COVID-19 patients
in donor’s ICU, the overall prevalence of COVID-19 in the
region, and isolation protocols of the hospital are reviewed
carefully. It is not uncommon to find ground-glass opaci-
ties (GGO) and tree-in-bud appearance in CT scan without
a positive COVID test. COVID-19 infection risk for the
donor must be stratified in such cases [54]. One should be
extremely careful in selecting donors with GGO given the
unclear picture of sensitivity and specificity of COVID-
19 test.

Resolved COVID-19 infection

With extensive community spread of COVID-19 and early
development of herd immunity, the number of donors hav-
ing a history of COVID-19 infection is rising. Majority of
them fully recovered from COVID-19 infection and CT scan
usually does not show any evidence of ground-glass opacity
after few weeks. Resolved COVID-19 donor is defined as
“an immunocompetent donor with a history of confirmed
COVID-19 with a resolution of symptoms and more than
21 days from the date of onset of symptoms” [52]. The
donors with resolved COVID-19 and a negative NAT at the
time of donor evaluation are unlikely to transmit the infec-
tion. The donors with resolved COVID-19 and a positive
NAT from 21 to 90 days after the date of disease onset are
unlikely to transmit the infection [52, 53]. A positive NAT
likely represents a nonviable virus in such cases. However, a
positive NAT after 90 days of the disease onset may reflect a
reinfection. Moreover, long-term implications of lung paren-
chymal changes after COVID-19 infection are not clear and
at this moment, we usually defer using the donors having
previous COVID-19 infection.

The decision to recover and transplant organs in such
cases should include two things: (1) Recipient risk of mor-
tality or further complications while delaying the transplan-
tation and remaining on waiting list. (2) Current unknown
long-term outcomes from the donor with history of resolved
COVID-19 [52].
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Practical considerations for donor quality
assessment

The success in lung transplant is lower compared to that
of other solid organs in terms of post-transplant outcomes
and probably because of that, programs have been relatively
conservative in accepting marginal donors. So, the programs
frequently face the dilemma between accepting marginal
donors and wait-list mortality. Over the past decade, there
has been an increase in absolute number of lung transplanta-
tions performed in the USA, with a slight decrease in waitlist
mortality to 17.2/100 waitlist years [55]. Wait-list mortal-
ity is the highest amongst patients with pulmonary fibrosis,
cystic fibrosis, and pulmonary arterial hypertension, and is
lowest in the patients with emphysema [56]. Relaxing donor
selection criteria can help centers to cope with the shortage
of supply of donor lungs.

According to the data from organ procurement and trans-
plantation network/scientific registry for transplant recipi-
ents, an increase in the frequency of DCD lung donation is
noted recently [55]. Unfortunately, the number of discarded
lungs has also increased [55] and the donor utilization rate
remains near 19% [57]. In the last two decades, the trans-
plant programs underwent continuous evolution in donor
organ acceptance practices using EDC, significantly improv-
ing donor utilization rates, in some centers up to 70% [12,
13]. From the UNOS registry data, 56% of donor lungs used
varied from the SDC criteria by at least one count, 41% had
chest X-ray abnormalities, 18% had PaO, less 300 mmHg,
and 21% had a history of smoking more than 20 packs years
[S].

Waitlist mortality is highest in the pulmonary fibrosis
group as the disease progresses very rapidly after a certain
time and results in a rapid decline in clinical course [56].
With a rapid decline in respiratory status, pulmonary fibro-
sis patients often demonstrate lesser preoperative physical
endurance making them sicker patient population compared
to chronic obstructive pulmonary disease (COPD) patients.
High volume centers frequently relax their donor selection
criteria for sick pulmonary fibrosis patients, especially when
organ offer is coming from a nearby hospital, minimizing
travel time and travel expenses in case of failure to utilize
those lungs upon onsite evaluation.

Results of EDC lungs

Using different EDC definitions and various ex vivo perfu-
sion systems, groups have reported acceptable [7, 8, 12, 13,
58-60] outcomes.

EDC lungs have been associated with higher primary
graft dysfunction [7] and an increase in ICU stay [58] but
have shown no impact on acute rejection [7, 58, 59], chronic
rejection [59], and long-term survival [58, 59]. Analyzing

3792 EDC donations from the UNOS database, Mulligan
et al. [8] determined that EDC is associated with lower
1-year survival in patients having lung allocation score > 70
compared to SDC.

Although the number of hospitals adopting extended
criteria donors is increasing, further data regarding risks
and survival benefits are awaited. At this moment, sever-
ity, acuteness, and short-term prognosis of the recipient’s
disease must be able to justify the usage of extended criteria
donors.

Recently, several donor score systems have been sug-
gested for quality assessment [13, 14]. The scoring system
may be useful in retrospective analysis/quantification of
donor quality. However, practical use of such system may
not be widely adopted given the complexity and lack of
uniformity.

Ethics

Key factors are often ignored while debating the EDC—
patient autonomy, education, and consent for the usage of
EDC lungs. High priority is always given to the patients
having the highest lung allocation score, who are likely to
die without transplant and less likely to survive the opera-
tion. These patients are likely to provide consent for EDC
use [6]. However, low priority candidates (lung allocation
score < 50), comprising of a majority of transplant recipi-
ents, demonstrates lesser survival benefit compared to mid-
priority candidates (Lung Allocation Score 50-79) given the
low risk of death on waiting list [61]. Therefore, risks of the
EDC must be discussed with patients having low allocation
score.

Size matching

In the early years of lung transplantation, pioneering sur-
geons were more concerned with surgical anastomoses and
infection than the potential size disparity of lung volume
between recipient and donor [62]. Therefore, in the 1980s,
little or no attention was given to the idea of size match-
ing donor and recipient lungs [63]. In 1992, the American
Thoracic Society workshop on lung transplantation recom-
mended using allografts with “similar total lung capacities”
between donor and recipient [64, 65].

Here, we explain the conceptual understanding of size
matching and describe practical considerations.

Three aspects of size-matching

1. Surgical feasibility
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From the surgeon’s point of view, appropriately size-
matched lungs should not have major discrepancies in the
bronchus, pulmonary artery, and pulmonary vein sizes. A
large discrepancy will make the bronchial anastomosis not
only difficult but will also increase the chances of stenosis
or dehiscence. Too small lungs in a large chest cavity lead to
an elevated risk of pneumothorax, hemothorax, and bleeding
after surgery while large lungs in a small chest cavity will
lead to increased incidence of the open chest and surgical
wound complications [66].

2. Respiratory mechanics

Pleural cavity has a negative pressure that helps with
lung expansion and compliance. Because of this negative
pressure, chest wall conforms around the lung parenchyma
in chronic diseases like COPD, and idiopathic pulmonary
fibrosis (IPF). In patients with IPF, the chest cavity becomes
small secondary to shrinking lung parenchyma. The dia-
phragm moves up and rib spaces are crowded as the total
lung capacity (TLC) reduces with the time when the disease
progresses. On the other hand, in patients with COPD, chest
cavity is large, diaphragm remains flat, and the rib spaces are
widened as the disease progresses and TLC increases. Both
diseases create inefficient respiratory mechanics, contribut-
ing to shortness of breath (Fig. 3). Ideally, an appropriate
size-matched lung should be able to restore the respiratory
mechanics back to normal.

3. Circulatory physiology

Physiologically, the lungs cannot be seen separately from
the cardiovascular system as both pulmonary overflow and
underflow situations could affect long-term lung function.
Cardiac output parallels to body surface area which depends
on both height and weight. In an ideal world, the donor and

recipient body surface area should match very closely in
order to achieve a good size-match from a circulatory stand-
point. The pulmonary vasculature is usually very compli-
ant and can tolerate increased flow without any immediate
detrimental effects as seen in atrial septal defect physiology.
However, in cases of severe pulmonary arterial hyperten-
sion undergoing bilateral lung transplants, cardiac output
increases significantly immediately after the transplant. A
sudden increase in flow through the pulmonary circulation
is considered as one of the major risk factors for higher inci-
dence of primary graft dysfunction in this diagnosis group
[67]. Eberlein et al. [68] speculate that a larger pulmonary
vascular bed and larger lung volume would minimize global
and regional pulmonary over-distention. These changes
would thereby minimize right ventricular after-load by pro-
viding the optimally lowest pulmonary vascular resistance
and may result in less endothelial injury and dysfunction,
improving overall survival [69].

How to estimate lung size?

The big question remains. How do we measure the chest
wall size objectively? In normal individuals, TLC is equal to
chest wall cavity size. In patients with IPF or COPD, actual
TLC (aTLC), as measured by PFT, is significantly differ-
ent from the predicted or expected measurements and does
not reflect the true physiological lung parenchyma volume
sought after transplant. Moreover, for donors, PFT data is
not available. So, population-based-predicted TLC (pTLC)
formula could help here.

pTLC formula
pTLC is calculated on the basis of a person’s gender and

height. It predicts the TLC and hence the chest wall cavity
size on the basis of population data. The most commonly

Fig.3 X-rays of three different patients with a height of 67 in. and similar BMI. A No evidence of pulmonary parenchymal disease. B Severe
COPD. C Pulmonary fibrosis. Discrepancy in the chest cavity size is evident
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used formula was described by Stocks and colleagues in
1995 [70]:

pTLC for men=[7.99 x height in meters] — 7.08.

pTLC for women =[6.60 X height in meters] — 5.79.

A ratio of aTLC and pTLC provides a quantitative esti-
mate of chest cavity distortion secondary to the disease in
the recipient. In severe COPD patients, aTLC could be as
high as 150-175% of predicted. Similarly, in severe fibrosis
patients, aTLC could be as low as 50% of predicted.

Size-match definition.

Currently, the most widely accepted size match definition
uses the pTLC formula as mentioned above [66, 68, 71-73].
The ratio between donor and recipient pTLC is calculated.
If the ratio is < 1 the donor is considered undersized and if it
is> 1, the donor is considered oversized. Despite significant
limitations, this formula is considered a gold standard to
define the size match at present.

The ISHLT consensus statement in 2003 suggested an
allograft for double lung transplant should be between 75
and 125% of the recipient’s pTLC, with the caveat that larger
organs are preferred for patients with pre-operative hyperin-
flation and smaller organs for patients with a pre-operative
restrictive impairment [10].

However, there are several limitations of this popular
pTLC calculation formula.

1. It is based on small number of white male and white
female patients [70, 71]. It does not include the racial
differences between lung size. For example, African
American individuals may have up to 12% smaller chest
cavity size [70, 74]. However, the data is anecdotal and
inter-racial comparison of pTLC formula is not avail-
able.

2. It does not include correction of mild to moderate over-
inflation that smoker donors often have.

3. It does not include the weight of a person. It is frequently
observed that lungs from a severely obese donor are
larger than expected after opening the chest because of
chest wall strapping phenomena [37].

Practical considerations

Although, size matching is defined as pTLC ratio, majority
of centers worldwide do not consider the pTLC ratio prac-
tical because of multiracial pool of the donors/recipients,
limitations of pTLC formula and cumbersome calculation.
Height difference, chest wall measurements, and intuition
are the most common way of assessing the size match.

Height difference

As mentioned above, height remains the most important fac-
tor for pTLC calculation. Therefore, height matching should

be roughly parallel to the pTLC ratio in gender-matched situ-
ations. In cases of gender mismatch, it is broadly consid-
ered that female lungs are 20% less in volume than height-
matched male. These assumptions make the size match
practically easier.

Chest wall measurements

In recipients having severe fibrosis, the chest wall cavity is
shrunken extremely. Putting an oversized lung in a small
chest cavity may require the surgeon to leave the chest open.
It may not only increase the postoperative wound compli-
cations but also increase the ventilation time and overall
postoperative stay. In some cases, significantly oversized
lungs may require lobectomy also. Therefore, the majority
of centers in the USA also consider chest wall measurements
while size-matching. For this reason, the donor’s chest x-ray
measurements are routinely provided by OPOs.

Most frequently, the measurements are obtained using a
digital chest x-ray. Both vertical and horizontal dimensions
are considered commonly (Fig. 4). It is worth noting here
that the recipient's chest x-ray is in a standing position with-
out positive pressure ventilation and donor’s chest X-ray is
in supine position with positive pressure ventilation. Also,
as mentioned above, recipient’s chest cavity is frequently
significantly distorted given the underlying disease. So, a
combination of chest wall measurements along with the

bN)
UPRIGHT

3205 11is)

Fig.4 Chest x-ray of a wait-listed patient with a diagnosis of hyper-
sensitivity pneumonitis and secondary fibrosis showing 1. Asymmet-
ric chest cavity size and 2. Example of chest wall measurement land-
marks



5410 Indian Journal of Thoracic and Cardiovascular Surgery (September 2021) 37 (Suppl 3):5401-S415

assessment of the height discrepancy remains the corner-
stone for size-matching at our institute.

All recipients must have lateral chest X-ray. Recipient’s
antero-posterior diameter of the chest wall cavity is also
important. Many recipients, despite being tall, have shal-
low chest cavities. Deeper (larger antero-posterior diameter)
chest cavities tend to easily accommodate larger lungs.

Body mass index

Severe obesity is associated with chest wall strapping phe-
nomena [37]. It is frequently observed that after opening
pleura of obese donors, lungs are found bigger than they are
perceived in CT scan. The impact of chest wall strapping
phenomena on pTLC calculation is not measured in any of
the studies [37].

Age

In teenage donors, it is frequently perceived intraoperatively
that lung size is significantly smaller than other height-
matched adults. There is no pTLC formula for teenage
donors. Chest wall dimensions and CT scan examination
remains the mainstay for size-matching. Fortunately, teen-
age lungs are usually very compliant, and they can adapt to
a wide range of chest cavity sizes.

Size matching in bilateral lung transplant
Primary pulmonary hypertension

Unlike COPD or fibrosis, primary pulmonary arterial hyper-
tension may not affect the chest wall size. Eberlein et al. [68]
reported that oversized donors (pTLC ratio> 1) are associ-
ated with better survival.

Fibrosis

For IPF patients with shrunken chest cavities and moder-
ate to severely low TLC, usually, 1-3 in. shorter donors are
preferred at our hospital. Although, it would not be the ideal
size match considering pTLC based size-match definition,
but in the last decade, majority of centers have shifted from
pTLC based formula to more practical way of size matching
using height and chest x-ray measurements-based match-
ing. Significantly oversized bilateral lung implantation could
increase the chances of difficult chest closure, especially
with clamshell incision.

COPD

In COPD patients, chest cavity size is significantly larger
than in normal persons. Implanting a significantly larger

lung allograft may not result in normalization of respiratory
mechanics and may impact negatively on physical endurance
or 6-min walk distance post-transplant and survival [75].

Mason et al. reported that the usage of extremely small
(donor’s pTLC less than 67% of recipient’s aTLC) or
extremely large (donor’s pTLC more than recipient’s aTLC)
donor lungs in emphysema patients results in inferior sur-
vival with bilateral lung transplantation [75]. This finding
indirectly supports the hypothesis of the importance of
normalization of respiratory mechanics after bilateral lung
transplantation (Fig. 5).

Size matching in single lung transplant
Primary pulmonary hypertension

Majority of centers choose to perform double lung trans-
plantation with severe pulmonary arterial hypertension.
However, in patients with mild-to-moderate pulmonary arte-
rial hypertension and in selected cases of severe secondary
pulmonary arterial hypertension, single lung transplantation
provides similar survival benefit [76].

In patients with pulmonary hypertension, evaluation of
preoperative perfusion scan is very important. Usually, the
side with the worst perfusion is chosen for the transplant.
In such cases, the transplanted lung remains at risk of con-
gestion and pulmonary over-circulation and hence primary
graft dysfunction as it will have lower pulmonary vascu-
lar resistance than the native contralateral lung. Therefore,
slightly oversized lungs according to gender-matched height
matching or pTLC formula are preferable as the larger lung,
theoretically, will have better vascular compliance to accom-
modate for the increased pulmonary flow.

COPD

After a single lung transplant (SLT) in COPD patient, there
is a substantial risk of allograft compression by over-infla-
tion of the native lung, particularly with mechanical venti-
lation immediately after transplant (Fig. 6). Theoretically,
in such cases, larger the lung allograft size, the lesser the
compression would be. With extreme over-inflated chests, it
is not uncommon to have up to 10 in. of difference in height
between donor and recipient.

Recently, analyzing UNOS data from 2005 to 2017, the
Columbia University group reported that single left lung
transplant in COPD cases has inferior long-term survival
compared to single right lung or double lung transplant [77].
However, in the same conference, Timofte et al. presented
that there is no difference between survival of single or dou-
ble lung transplant in COPD patients [78].

Previously, Brunsting et al. [79] had found no cor-
relation between post-operative pulmonary function
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Fig.5 A Preoperative chest
x-ray for 67 in. tall male COPD
patient. B Postoperative chest
X-ray of the same patient

after receiving bilateral lung
transplant from 67 in. tall

male donor. In this example,
restoration of chest cavity size
and mechanics is very well
observed. C Preoperative chest
x-ray for 62 in. tall female
COPD patient. D Postoperative
chest X-ray of the same patient
after receiving bilateral lung
transplant from 69 in a tall
female donor. In this exam-
ple, persistent hyperinflation
changes of the chest wall can be
seen even after the transplan-
tation suggesting significant
oversizing of donor lungs

Fig.6 A chest X-ray suggested chronic allograft compression from
the hyperinflated native right lung. The patient underwent left lung
transplant a year before for COPD

and estimated volume of donated lung tissue or relative
donor-to-recipient size matching. Hayden et al. [80] also
reported no correlation between donor and recipient size
match (actual and predicted) and the degree of functional
improvement after SLT. In addition, no significant differ-
ences were identified when comparing the functional out-
comes of right and left SLT recipients [72].

Theoretically, as the COPD progresses in the native
lung, it continues to compress the contralateral trans-
planted lung resulting in restrictive allograft dysfunction.
However, Estenne et al. determined that compared with the
ipsilateral lung in normal control subjects, although the
TLC of the graft is substantially reduced, the functional
residual capacity is within normal limits [81]. They also
reported that the TLCs of the graft and of the native lung
do not change over time after SLT for emphysema. Weill
et al. [82] investigated acute native lung hyperinflation and
found no evidence of an impact on FEV, or 6-min walk
results at 1 year or survival rates of acute rejection, infec-
tion, or BOS. They concluded that, although acute native
lung hyperinflation is common radiographically, it is rarely
clinically severe [82].

As a large volume center for lung transplantation, our
experience parallels that of Columbia University group [77]
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Fig.7 A Large UNOS Database
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suggesting outcomes of right lung transplantation are better
than the left lung transplantation in COPD patients.

Fibrosis

Pulmonary fibrosis could be more severe on one side than
the other. In such cases, the more severe side usually has
smaller chest cavity. In such cases, complete reliance on
height or predicted TLC-based formula could be catastrophic
as the size of the recipient’s chest cavity is significantly less
than the estimation (Fig. 4).

Since the native lung on the severe side is more dysfunc-
tional, it would not be unreasonable to choose that side for
transplantation. However, Tsagkaropoulos et al. reported
that the transplant side does not influence recipient survival,
freedom from bronchiolitis obliterans, complications, or pul-
monary function after SLT [83]. Besides surgical considera-
tions in the recipient, the offer of a donor lung opposite to
the preferred side should not be a reason to postpone the
transplantation until a better-matched donor is found [83].

Importance of size-matching and survival
Size-matching and waitlist mortality

Pulmonary fibrosis patients can have a rapid decline in
clinical course compared to COPD patients, who remain
typically stable over years. Moreover, pulmonary fibrosis
patients have smaller chest cavity size. Therefore, shorter
pulmonary fibrosis patients usually experience longer wait-
times as the organ supply is slightly skewed towards taller
donors [84]. Not a surprise, as a result of that, height remains
the independent predictor factor for waitlist mortality [85].
Inclusion of height along with diagnosis in lung allocation
score is being debated [85].

Size-matching and survival
In 2019, the focus theme for the 36™ adult lung and

heart-lung transplantation report was “Donor and recipi-
ent size match.” This report summarized data from 69,200
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adult lung and 4,128 adult heart—lung transplants performed
through June 30, 2018, and reported to the International
Thoracic Organ Transplant Registry. The analysis showed
that slightly taller and heavier donors have favorable survival
outcome in lung transplantation [19] (Fig. 7). Analyzing the
hazard ratio curves, it is evident that oversized donors in
terms of height difference provide survival advantage, the
advantage becomes flat when oversizing reaches up to the
extreme end. However, weight difference does not have a
very significant impact on survival. These findings also cor-
relate with single-center studies [67, 71, 86].

Conclusion

Usage of extended criteria donors has increased significantly
in the last few years with encouraging results. Considering
multiple factors from both recipient’s and donor sides, size-
matching remains more intuitive than objective. The current
evidence suggests that with full consideration of surgical
feasibility, implanting the largest possible lungs results in
the best possible survival.
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