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Primary Graft Dysfunction Incidence

In the early days of lung transplantation, the incidence of
primary graft dysfunction (PGD) was difficult to assess
accurately, with a range from 15% to 57%, partly as a result
of varying definitions.1–4 Despite the development of the
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(ISHLT) consensus statement defining PGD in 2005, the
incidence of PGD in lung transplant recipients still depends
on the severity grade and timing of grading for the PGD
phenotype being evaluated.

Shortly after the consensus definition of PGD was
created, centers around the world began adopting the
criteria. The University of Minnesota reported an incidence
of PGD grade 3 of 32% in 2006 using the newly developed
definition and grading system.5,6 A report of the outcomes
for 1,000 lung transplants performed at Washington
University in St. Louis identified an overall PGD incidence
of 22.1%.7 A multicenter prospective cohort study of lung
transplant recipients in the United States reported an overall
incidence of PGD grade 3 of 30.8% at any point during the
first 72 hours of lung transplantation, and grade 3 PGD
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present at 48 or 72 hours after reperfusion had an incidence
of 16.8%.8 Samano et al9 similarly reported the incidence of
PGD grade 3 at a single center in Brazil was 19.8% at 48
hours and 15.4% at 72 hours. In addition, Felten et al,10 in a
study from 6 lung transplant centers in France detailing
potential clinical risk factors for PGD in patients with cystic
fibrosis, found an incidence of PGD grade 3 at 6 hours after
transplant of 34% and a 26% incidence of PGD grade 2.

Taken together, the literature supports incidences of
~30% early after transplant and 15% to 20% for grade
3 PGD present at 48 and 72 hours. The time course of PGD
progression and resolution also has an effect on patient
survival outcomes, with patients having persistent PGD
having the greatest risk of death.11

It is important to note that given the lack of research into
PGD in the pediatric population, we cannot extrapolate the
existing risk factor data in the adult population to patients
agedo 18 years. Where available, we have added details on
survival implications of potential risk factors in the pediatric
population.

Recipient risk factors

The identification of recipient-related risk factors associated
with PGD is of great clinical importance. Since the last
ISHLT consensus document from 2005, a number of studies
have been designed and published, which have extended our
knowledge.8,11–19

Demographics

Sex and race

Female sex and African American race were identified as
PGD risk factors by an unadjusted meta-analysis; however,
a large multicenter cohort study did not confirm these
findings with multivariable adjustment.8,16

Age

Unadjusted analyses showed there was no association of
recipient age with PGD risk in a large multicenter cohort
study.8 The data on PGD in the pediatric population is
extremely limited. In a study of 344 pediatric lung
transplants, PGD was the main indication for post-transplant
extracorporeal membrane oxygenation (ECMO) initiation
and the leading cause of death among patients requiring
ECMO.20

Primary diagnosis

The primary diagnosis leading to a lung transplant is an
important modifier of the risk of developing PGD. In a
systematic review of 10 studies, the incidence of PGD was
11.8% in patients with chronic obstructive pulmonary
disease (COPD), 12.4% in cystic fibrosis, 18.0% in patients
with idiopathic pulmonary fibrosis (IPF), 50% in sarcoi-
dosis, and 30.3% in patients with idiopathic pulmonary
arterial hypertension (IPAH).16 A meta-analysis and a large
multicenter cohort study both found IPF, sarcoidosis, and
IPAH were independent predictors of increased PGD,
depending on the PGD definition.8,16 A single-center study
similarly showed IPAH was strongly associated with the
risk for PGD after adjustment for recipient pulmonary artery
systolic pressure (adjusted relative risk, 9.24; 95% con-
fidence interval, 1.75–48.8; p ¼ 0.009).21
Comorbidities

Pulmonary arterial pressure

Several studies have shown a strong correlation between
pulmonary arterial pressures (PAPs) and the risk of PGD. A
multicenter cohort study demonstrated an increased risk of
PGD of 30% for every increase of 10 mm Hg in the mean
PAP, and a meta-analysis showed that the PAP in PGD
patients was significantly higher compared with controls.8,16

The underlying primary lung disease may also be
important when assessing the association of secondary
pulmonary hypertension with PGD. In a meta-analysis of 10
studies, secondary pulmonary hypertension did not confer a
significantly increased risk of PGD, while others have
shown a strong association between higher mean PAP and
the risk of PGD among patients with IPF.8,15,16
Obesity

A multicenter study of adult lung transplant recipients with
COPD or interstitial lung disease found obesity was
significantly associated with a more than 2-fold increased
risk of any grade 3 PGD within 72 hours of transplant.
Plasma levels of leptin, a protein biomarker associated with
adiposity, were associated with a greater risk of PGD.22

systematic review and a large multicenter cohort study
confirmed the association of body mass index with PGD.8,16
Biologic and genetic

Pre-transplant biologic and genetic risk factors of the
recipient are of interest, because these could allow both
for risk stratification and hold the promise of pathway-
specific interventions and therapies.
Inflammation

In a single-center study of 28 patients, higher baseline levels
of interleukin (IL)-10, IL-8, IL-6, and chemokine (C-C
motif) ligand 2 before transplant were associated with the
subsequent development of ISHLT grade 2 PGD or higher
after transplant. This study suggested that the recipient’s
inflammatory state at the time of transplant may affect early
allograft function.23



Table 1 Donor Risk Factors for Primary Graft Dysfunction

Level of
evidence Risk factor

Definite Cigarette Smoking
Probable Aspiration

Chest trauma/pulmonary contusion
Undersized donor relative to recipient
Heavy alcohol use

Possible Age
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Epithelial injury

A marker of airway epithelial injury, Clara cell secretory
protein (CC16), showed an association between both
elevated recipient pre-transplant and immediate post-trans-
plant plasma levels with the development of PGD after
transplant in non-IPF individuals.14,18 These studies sug-
gested that markers of airway epithelial injury may be
helpful in pre-transplant PGD risk stratification and early
identification of PGD.
Oxygenation
Chest X-ray abnormalities
Purulent secretions at bronchoscopy
Thromboembolism and fat embolism
Traumatic brain injury
Shorter time from brain death to cold
preservation

Prolonged mechanical ventilation
Consequences of brain death and neurologic
injury

Unlikely Gender
Donor-recipient gender mismatch
Race
Positive sputum gram stain
Innate immunity

Innate immune activation is involved in the propagation of
ischemia–reperfusion injury responses in transplanted solid
organs. In a nested case-control study, plasma level of long
pentraxin-3 (PTX3), a secreted innate immune mediator,
was associated with PGD among patients with IPF. This
study suggested a role for innate immune activation as a
pathologic factor associated with PGD in IPF patients.14 A
subsequent study linked genetic variants in PTX3 to PTX3
plasma protein levels and the risk for PGD in recipients with
IPF.24
Prostaglandins

A large-scale candidate gene association study found 17
variants were significantly associated with PGD, 4 of which
were in the prostaglandin E2 family of genes. Functional
evaluation in regulatory T cells identified that a single
nucleotide polymorphism in the prostaglandin E2 receptor
gene was associated with differential suppressive function
of regulatory T cells.13
Prediction of PGD risk based on available recipient
risk factors

A recent study developed and validated objective estimates
of the risk of development of PGD based on readily
available clinical variables.17 Using a multicenter cohort, the
study identified abnormal body weight, moderate–severe
pulmonary hypertension, and a pre-transplant diagnosis
other than COPD or cystic fibrosis could identify a recipient
at higher risk for the development of PGD at 48 or 72 hours
after transplant.17
Donor risk factors

Recent studies have refined our understanding of donor-
specific risk factors for PGD. The evidence base has
confirmed previous observations, whereas other suspected
risk factors have been refuted (Table 1). There is also an
expanding body of knowledge on donor management
techniques that affect organ availability and recipient
outcomes in both the adult and pediatric populations.25–28
Neurologic injury and brain death

The influence of the mode of brain death on PGD is not
clear. An analysis of the United Network of Organ Sharing
(UNOS) database found an association with PGD for donor
traumatic brain injury.29 Mode of death was not a risk factor
for PGD in a large multicenter cohort study8 or in large
single-center studies.5,21,30,31 Experimental studies suggest
that delaying organ procurement after brain death reduces
reperfusion lung injury.32
Donation after circulatory death and living-donor
lobar transplantation

The use of organs retrieved after circulatory death (DCD)
has grown in recent years.33 A report from Australia of 70
Maastricht category III DCD transplants found an incidence
of PGD grade 3 of 8.4%, with 1- and 5-year survival 97%
and 90%, respectively,34 whereas other centers have
reported DCD outcomes comparable to donation after brain
death (DBD).35–38 A meta-analysis of 5 studies found no
difference in PGD between DCD and DBD (risk ratio, 1.09;
95% confidence interval, 0.68–1.73).19 In contrast, the
investigators in a series of 60 DCD transplants that were
matched by propensity score to DBD transplants found a
higher incidence of PGD and a trend toward a greater need
for extracorporeal life support (ECLS) among recipients of
DCD lungs.39 Data on the effect of using Maastricht
category I or II DCD donors on recipient PGD risk is limited
to case reports and absent from the ISHLT DCD
registry.40,41

At the other end of the spectrum from the brain-dead
donor is living-donor lobar lung transplantation. Early
experience from the University of Southern California
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described a mortality rate from PGD of 4%, but the overall
incidence of PGD was not reported.42 In a recent series from
Japan, the initial partial pressure of arterial oxygen–to–
fraction of inspired oxygen (FIO2; P/F) ratio of 434 ± 121
among 42 living-donor lobar lung transplant recipients was
greater than in a contemporaneous group of 37 cadaveric
transplant recipients (303 ± 117).43 Lobar or reduced-size
cadaveric transplants for recipients with small thoracic
cavities may be associated with a higher incidence of
PGD.44

Donor age

Early studies supported that allografts from older donors
were prone to PGD. Christie et al21 found that donor age 4
45 years was associated with a nearly 7-fold increased risk
of severe PGD, whereas Whitson et al5 identified a 3%
increased risk of PGD per 1-year increase in donor age.
Although the risk of longer-term graft failure is higher in
allografts from older donors, more recent data suggest the
age-related risk of PGD is lower than previously believed
and restricted to more extremes of age. A multicenter cohort
study found donor age 55 to 64 was not associated with a
significantly increased risk of severe PGD after controlling
for recipient, surgical, and other donor factors.45 Other
studies have failed to identify an association between donor
age and PGD.46,47 Although donor age o 18 years was
previously identified as a risk factor for PGD,21 more recent
studies have failed to confirm this association.8,45

Race, gender, and donor-to-recipient total lung
capacity ratio

Donor African American race and female gender were
identified earlier as risk factors for PGD in a single-center
study by Christie et al.21 However, no association was found
for either in a larger UNOS analysis29 or in the more
contemporary and larger multicenter cohort.8 In the
pediatric population, donor-to-recipient gender significantly
affected long-term survival, with male-male donor-recipient
pairs having improved survival compared with female-
female pairs, but no data are available on the effect of
gender matching on PGD.48

The data regarding donor-recipient gender mismatch are
conflicting. In a single-center study, gender mismatch was
not associated with PGD.49 The previously observed effect
of gender mismatch on early survival (a potential marker of
PGD)50 has been ascribed by Eberlein et al51 to transplanta-
tion of relatively undersized lungs from female donors to
male recipients. A ratio of donor to recipient predicted total
lung capacity of4 1.0 was associated with a reduced risk of
severe PGD after adjusting for multiple variables, including
diagnosis.52

Smoking

Donor cigarette smoke exposure is a clear risk factor for
PGD.5,53 Whitson et al5 found PGD was more common
when allografts were obtained from donors with a smoking
history, although the association was not significant after
multivariate adjustment. More recently, Diamond et al8

demonstrated donor smoking was associated with PGD after
multivariate adjustment. In risk prediction models for PGD,
donor smoking increased PGD risk in “high-risk” recipients
but not “low-risk.”17

Alcohol

Alcohol use appears to increase PGD risk. Lowery et al54

categorized donor alcohol use into none, moderate, and
heavy. After multivariate adjustment, allografts from donors
with heavy use had a 9-fold higher risk of severe PGD
compared with those with no use.54 Trends toward
persistent and severe PGD from donors with heavy use
were reported by Pelaez et al.55

Acquired donor risk factors

Overall, the risk of PGD appears to be higher when
allografts from extended criteria donors are used.56–58

Others have reported no difference in PGD with extended
donors.59,60 Donor P/F ratio was not a significant risk factor
for PGD in the Lung Transplant Outcomes Group cohort.8

Sommer et al61 reported that matching extended criteria
donors with lower-risk recipients resulted in a similar PGD
incidence as standard donors matched to higher-risk
recipients. Many centers reserve such donors for recipients
at otherwise low risk for PGD.62 A Lung Donor Score has
been proposed that incorporates 5 variables—age, smoking
history, chest X-ray, secretions at bronchoscopy, and P/F
ratio to predict PGD risk—but requires validation in a
multicenter study.63

Genetic and biologic factors

Early insights into donor biologic risk factors for PGD are
emerging. Cantu et al64 found that donor polymorphisms in
the oxidant stress gene NOX3 were associated with
increased risk of PGD. Machuca et al65 found that lungs
that subsequently developed PGD had higher levels of IL-8,
macrophage colony stimulating factor, and growth-related
oncogene-α compared with lungs that did not develop PGD.

Operative risk factors

Prior cardiothoracic surgery

A single-center study found prior cardiothoracic surgery
was not associated with an increased risk of PGD.66

However, when the incidence of PGD was evaluated
according to type of prior procedure, the incidence of
PGD was higher in the sub-group with previous pleurodesis
(8.7%) than in the group without previous pleurodesis
(3.1%). The pleural procedures group also had the highest
incidence of re-exploration for bleeding, phrenic nerve
injury, and other respiratory complications.
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Type of transplant

The data on the association of type of transplant procedure
(single vs bilateral) with PGD are mixed. Although
transplant type and PGD were not significantly associated
in a meta-analysis of 11 studies,16 a large multicenter cohort
study with multivariable adjustment found single lung
transplant was an independent risk factor for PGD.8

Cardiopulmonary bypass

In a retrospective study of 100 lung transplant recipients
over a 2-year period, cardiopulmonary bypass (CPB) use
was associated with more severe pulmonary infiltrates and
more prolonged intubation than in the group without CPB.67

A large meta-analysis and a multicenter cohort study both
reported CPB as an independent risk factor for the
development of PGD.8,16 Data on the differential effect of
intraoperative venoarterial ECMO vs CPB are limited. A
single-center study demonstrated no significant difference in
the rate of PGD requiring post-transplant circulatory support
when intraoperative venoarterial ECMO was compared with
CPB.68

There remains controversy whether CPB is truly an
independent risk factor in the development of PGD. The
severity of recipient illness, acute intraoperative alteration in
recipient hemodynamics/oxygenation, issues which effect
the initiation of CPB, have not undergone investigation and
could lead to modification in practice.

Ischemic time

Prolonged ischemic time has been identified as a potential
risk factor in multiple previous observational studies.29 In a
multicenter observational trial, the effect of total ischemic
time was dependent on the definition of PGD used, with late
grade 3 PGD, defined as 48 or 72 hours after transplant, not
associated with ischemic time.8 Although data in the
pediatric population are limited, longer ischemic times did
not adversely affect survival among children who received
an allograft for cystic fibrosis.69

Transfusion

A large-volume intraoperative blood product transfusion has
been identified as an independent risk factor for the
development of PGD.8,70

Delayed chest closure

The data on the effect of delayed chest closure are extremely
limited, and the relationship between delayed chest closure
and PGD is likely confounded by indication due to
intraoperative bleeding and large-volume transfusions. A
retrospective study of 28 lung transplant recipients revealed
higher transfusion requirements, pulmonary artery pressure,
use and duration of CPB, lower P/F ratio, and higher
incidence of PGD in patients with delayed chest closure.71
In a single-center study, patients with delayed chest closure
had a higher incidence of PGD, post-operative bleeding
requiring re-exploration, and 30- and 90-day mortality
compared with the primary closure group.72

Reperfusion FIO2

A multicenter cohort study found that increasing reperfusion
FIO2 was associated with an independent increased risk of
PGD at 48 or 72 hours after reperfusion and that reperfusion
at an FIO2 of ≥ 0.4 was associated with an absolute risk
increase of 6% compared with a reperfusion FIO2 of o 0.4.8

PGD-related outcomes

Before the standard clinical definition of PGD was created
in 2005 by the ISHLT consensus report,73 the data
pertaining to PGD and survival were sparse. There were
no data on long-term lung function and only 1 study of
functional data showing a decreased 6-minute walk distance
and limited ambulatory status in a small group of PGD
survivors.74 Other data revealed comparable survival in
patients with and without PGD when early mortality was
excluded.75

Short-term mortality and morbidity

Much of the literature on short-term outcomes of PGD
addresses survival and peri-operative morbidity reflected by
duration of mechanical ventilation, hospital length of stay,
and resource utilization. In addition, a small number of
studies have assessed the effect of treatment, including
ECLS and retransplantation, inflammatory markers, and
humoral and cellular immune responses.

Since the publication of the 2005 guidelines, multiple
studies have used the consensus definition to examine the
incidence and short-term outcomes of PGD. Prekker et al6

validated the ISHLT grading system for PGD by retro-
spectively examining 402 patients who had undergone lung
transplantation between 1992 and 2004 at the University of
Minnesota. The prevalence of grade 3 PGD declined from
25% at the time of presentation to the intensive care unit
(ICU) to 15% at 48 hours after surgery. The 90-day
mortality ranged from 7% for grade 1 to 33% for grade
3 PGD at 48 hours.5 Other investigators have reported
similar rates of severe PGD. The 30-day mortality in a
retrospective cohort study of 446 lung transplant recipients
was 3.5% for PGD grade 1, 6.2% for grade 2, and 24.5% for
PGD grade 3 at 24 hours; similarly, 30-day mortality ranged
from 5% for grade 1 to 36.4% for grade 3 at 72 hours.76 In a
cohort of 1,000 adult lung transplant recipients at Wa-
shington University in St. Louis, PGD developed in 22% of
patients, with a significantly higher in-hospital mortality rate
compared with those without PGD.7 A large multicenter,
prospective cohort study of 1,255 lung transplant recipients
reported unadjusted 90-day mortality was 23% for recipients
with severe PGD at 48 or 72 hours compared with 5% for
those without.8
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The resolution of severe PGD over time varies among
lung transplant recipients, and persistent PGD may identify
lung transplant recipients with worse outcomes.11,77 In a
single-center study, lung transplant recipients with grade
3 PGD at initial presentation to the ICU showed an average
52% increase in their P/F ratio over the next 12 hours,
whereas patients with ao 20% increase in P/F ratios during
that period had 6.8-times the odds of 90-day mortality.77 In
a different cohort of lung transplant recipients, Shah et al11

identified distinct phenotypes among patients with severe
PGD based on the resolution of their graft dysfunction:
patients with severe persistent dysfunction had higher risk of
90-day mortality.

The presence of early graft dysfunction is associated with
increased duration of mechanical ventilation, ICU, and
hospital length of stay.3,6,74,77–80 King et al78,80 reported that
reperfusion injury, equivalent to PGD grade ≥ 2 at 48 hours,
is also associated with increased resource utilization and
hospital costs.
PGD management and short-term outcomes

Assessment of the influence of ventilator management
strategies on PGD outcomes has been limited. The 2005
ISHLT Working Group recommended lung protective
ventilation (LPV) for PGD patients based on evidence
supporting this strategy in acute respiratory distress
syndrome (ARDS).81,82 A single-center study of LPV
protocols showed the use of LPV was associated with a
reduction in PGD severity at 72 hours but no difference in
duration of mechanical ventilation, ICU stay, ICU mortality,
or hospital mortality.83

ECLS and retransplantation have been used for patients
with PGD, although published series to date have not used
the consensus definition for PGD. Bermudez et al84 reported
30-day and 1-year survival in 58 PGD patients receiving
ECLS from 1991 to 2006 with 30-day and 1-year survival of
56% and 40%. Hartwig et al85 reported 30-day and 1-year
survival of 82% and 64% for 28 patients receiving ECLS for
severe PGD from 2001 to 2009.

Data on outcomes of retransplantation for PGD are
limited. A recent assessment of retransplantation reviewed
United States outcomes from May 2005 through 2011.
Survival at 1 year for 64 patients undergoing retransplanta-
tion within 90 days, a group consisting largely of patients
with PGD, was 50%. The overall risk for mortality after
retransplantation was significantly worse for PGD patients
than for those with bronchiolitis obliterans syndrome
(BOS).86 In the 2014 ISHLT Registry, 1-year survival was
39% for retransplantation within 1 month and 54% for
retransplantation within 1 month to 1 year after the initial
transplantation.87

Specific medical therapies for PGD have not been well
studied. A recent study evaluated outcomes of 24 patients
with PGD grade 3 treated with C1-esterase inhibitor.
Compared with a non-randomized cohort of PGD at the
same center, the treated patients had a shorter duration of
mechanical ventilation; however, 1-year survival in the
treated patients was not statistically different from that of
untreated patients.88 Studies reporting the effect of inhaled
nitric oxide on short-term outcomes are limited to older case
series demonstrating improvement in oxygenation and
pulmonary hemodynamics.89–91

Alloimmunity after PGD

The inflammatory milieu of PGD and associated release of
cytokines, including IL-2 and interferon-γ , may promote
upregulation of allograft human leukocyte antigen (HLA)
class II antigens, and stimulate cellular and humoral
alloimmune responses.

Bharat et al92 demonstrated upregulation of interferon-γ,
IL-1β, IL-2, IL-12, interferon-γ inducible protein-10, and
monocyte chemoattractant protein-1 early after transplanta-
tion in patients with PGD. PGD of any grade was associated
with early increased incidence of alloreactive donor HLA
class II–specific cluster of differentiation 4þ T cells and
development of de novo HLA class II donor-specific
antibodies. In another study of 546 consecutive transplants,
PGD grade 2 or 3 at 48 hours after transplant was associated
with development of donor-specific antibodies during the
initial post-transplant hospitalization.93

An association between PGD and acute cellular rejection
has not been identified, although limited data evaluating this
association exist. A single-center study evaluating 334
consecutive transplants identified patients with PGD graded
according to the 2005 ISHLT criteria73 and found no
association of any PGD grade with acute rejection (≥ A2) or
lymphocytic bronchiolitis (≥ B2).94

In summary, the limited evaluation of immunologic
outcomes of PGD suggests a possible relationship between
PGD and subsequent humoral alloimmune responses and
does not show association with cellular rejection. The role
of PGD in triggering or amplifying autoimmune responses
has not been evaluated.

Long-term outcomes

Survival data consist of studies reporting outcomes at 1, 2,
3, 5, and/or 10 years after PGD and those reporting
outcomes of 90-day or 1-year PGD survivors.

All-cause mortality

There were 6 studies reporting on long-term mortality after
PGD using the 2005 ISHLT consensus definitions.
Although study designs differed by PGD grades and
intervals, all studies demonstrated an association of PGD
with increased risk of long-term all-cause mortality. In a
study of the UNOS/ISHLT database between 1994 and
2000, all-cause mortality at 1 year was 64.9% in the PGD
group (PGD grade 3 beyond 48 hours) vs 20.4% in the non-
PGD group.95 Prekker et al6 studied a single-center cohort
(n ¼ 402) and reported that PGD grade 3 in the first 48
hours conferred a significantly reduced long-term survival
compared with the group with combined PGD grade 1 and
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2. In a study evaluating the construct validity of the ISHLT
PGD definition, all-cause mortality was significantly higher
in patients with higher grades of PGD.76 The association of
PGD with worse survival was strongest and with better
discrimination at 72 hours.76 Kreisel et al7 reviewed the
outcomes of a single-center cohort (n ¼ 1,000) and reported
a significant association of PGD with decreased long-term
survival (1-, 5-, and 10-year survival of 72.8%, 43.9%, and
18.7% for the PGD group vs 87.1%, 59.8%, and 35.7% for
the no-PGD group, respectively). Finally, Diamond et al8

showed that grade 3 PGD was associated with a
significantly greater risk of 1-year mortality compared with
the group without grade 3 PGD.

Using a radiographic definition and grading instead of the
ISHLT consensus definition, Burton et al96 described the
outcomes of PGD in 181 single lung transplant recipients,
with an overall PGD incidence of 63% and a significant
reduction in 3-year survival in the PGD group. The presence
and extent of allograft infiltration, but not P/F ratio,
correlated with survival. Of note, the interobserver and
intraobserver agreement for radiographic infiltration and
severity grading was low in this study.
All-cause mortality adjusting for early deaths

To assess longer-term survival without the influence of early
mortality after PGD, some investigators evaluated the
outcomes of patients who survived the first 90 days or the
first year after lung transplantation. Prekker et al6 found that
the cohort with grade 3 PGD demonstrated significantly
worse long-term survival. Similarly, in a study of 90-day
survivors (n ¼ 374), Whitson et al97 noted significantly
worse 5-year and 10-year survival in patients with grade
3 PGD. Daud et al94 identified an increased risk of death in
patients who developed grade 3 PGD and survived 90 days
in univariate models. After adjusting for potential con-
founding variables, Prekker et al6 showed a decrease in all-
cause mortality among patients without PGD, whereas after
multivariable analysis adjusting for BOS and single lung
transplantation, PGD was not found to be an independent
risk factor for mortality in a study by Daud et al.94 One
study that examined patients surviving 1 year after
transplant found patients with PGD had significantly worse
longer-term survival than those without, even after adjust-
ment for other clinical variables.95
Functional outcomes

Only one single-center study evaluated the functional
outcomes after PGD. At 12 months after transplant,
significantly fewer PGD survivors achieved a normal age-
appropriate 6-minute walk distance compared with survi-
vors without PGD, and the median best walk distance
among PGD survivors was significantly lower than among
survivors without PGD.74
PGD and chronic lung allograft dysfunction

In most of the studies reported, PGD is associated with the
development of the BOS phenotype of chronic lung
allograft dysfunction (CLAD). No studies have investigated
the association of PGD and restrictive CLAD. Seven
studies, 6 using the 2005 PGD consensus definition,
examined the association between PGD and the BOS
phenotype of CLAD. Similar to the long-term mortality
studies, study methodology varied with regard to chosen
PGD grades and the times used as predictors.

Prekker et al6 studied the pulmonary function tests of
bilateral lung transplant recipients who developed grade
3 PGD in the first 48 hours and found a significantly lower
mean forced expiratory volume in 1 second (FEV1) value at
1 year compared with those with lower grades, although the
difference was not sustained at 2 years. In a study of 374
lung transplant recipients surviving 4 90 days after
transplant, bilateral lung transplant recipients with grade
3 PGD demonstrated significantly lower mean FEV1 and
decreased freedom from BOS compared with those with
lower PGD grades.97 FEV1 decreased significantly as PGD
grade increased in bilateral lung transplant recipients at all
time points. In this study, pulmonary function and freedom
from BOS for single lung transplant recipients were not
associated with PGD grade.

Two studies from Washington University in St. Louis,
published in 2007 and 2008, reported the association of
early (at the start of reperfusion of the transplanted lung) and
late-onset (24–72 hours) PGD with the development of
BOS.94,98 There was a direct relationship between increas-
ing severity of PGD and relative risk of BOS, and in
multivariable analysis, the increased risk of BOS with all
PGD grades was independent of acute rejection, lympho-
cytic bronchitis, and community-acquired respiratory viral
infections. Late PGD was also a significant risk factor for
BOS development and progression, independent of acute
rejection, lymphocytic bronchitis, and respiratory viral
infections, with increasing PGD grade associated with
increasing BOS risk.98 In a third study from the surgical
group at Washington University in St. Louis, Kreisel et al7

reported the outcomes of 1,000 lung transplant recipients.
Although the PGD definition used in their study was not
supplied in the Methods section, freedom from BOS at 1, 5,
and 10 years was lower in patients who had PGD than in
those without PGD.

Using a different definition of PGD, Burton et al96

reported FEV1 and BOS grades in their 181 recipients of
single lung transplantation. The peak FEV1 achieved was
significantly lower in patients with PGD (defined by
radiographic infiltrate) compared with those without PGD;
peak forced vital capacity values were similar in both
groups. There was a significant linear trend between the
presence and severity of radiographic infiltrates and the
decline in peak FEV1 value. The freedom from BOS in
3-month survivors was similar in patients with and without
PGD. The latter finding contradicts findings of all other
studies that describe an association between PGD and
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increased risk of BOS and can likely be explained by the
different definition of PGD used in that study.
Quality of life, cognition, and other patient
outcomes

Few data regarding long-term prognosis after PGD are
available beyond graft and patient survival. Patient-impor-
tant outcomes, such as quality of life, occurrence of post-
traumatic stress disorder or anxiety/depression, or cognitive
dysfunction after PGD are particularly sparse. Cohen et al99

performed a small study of 42 patients, of whom 10
developed grade 3 PGD within the first 72 hours, and found
that PGD was not associated with cognitive impairment.
The effect of ARDS on psychologic and quality of life
outcomes has been reported in the non-transplant litera-
ture.100,101 Given that lung transplant patients with PGD
have a similar experience compared with that of patients
with ARDS (intubated, sedated, decreased ambulation, etc.),
similar associations should likely be investigated.
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