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Primary graft dysfunction (PGD) refers to the syndrome
of acute lung injury early after lung transplantation (LTx)."
In 2005, based on the need for a reliable and wvalid
definition with clear taxonomy, the first International
Society for Heart and Lung Transplantation (ISHLT)
Working Group on PGD proposed a consensus-based
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standardized definition and grading system.' This defini-
tion has since been used to characterize PGD clinically by
diffuse alveolar infiltrates on chest X-ray imaging, with the
degree of associated hypoxemia determining its severity
(Table 1).!

PGD in its “purest” form has no proven, singular
etiology; rather, the clinical PGD syndrome represents the
result of mechanical, immune, inflammatory, possible
microbial, and other contributors associated with LTx."?
The original description of PGD aimed to be inclusive and
allowed characterization of any LTx recipient while still
allowing for exclusion or sub-group analyses of specific
contributing etiologies, such as infection or cardiogenic
edema, for particular study purposes.’*
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Table 1  Features of the 2005 International Society for Heart
and Lung Transplantation Primary Graft Dysfunction Definition
and Severity Grading

Pulmonary edema

Grade on chest X-ray Pao,/Fio, ratio
PGD grade 0 No >300

PGD grade 1 Yes >300

PGD grade 2 Yes 200 to 300
PGD grade 3 Yes < 200

Grade severity notes: grade 1—nasal cannula oxygen Fio, < 0.3, or
ventilator Fio, < 0.3, = grade 1 if edema present on chest X-ray. These
settings and no X-ray edema = grade 0. Grade 3—use of extracorporeal
lung support or mechanical ventilation with Fio, > 0.5 on nitric oxide
> 48 hours from lung transplant = grade 3.

Fro,, fraction of inspired oxygen; Pao,, partial pressure of arterial
oxygen; PGD, primary graft dysfunction.

Time window notes: PGD is graded at 4 time points, every 24 hours,
over the first 72 hours after transplantation (T0, T24, T48, and T72
hours). TO: within 6 hours of final lung reperfusion. T24, T48, and T72
have time windows + 6 hours.

Other notes: If multiple blood gas values are available, use the worst
Pao,/Fio, ratio. The Pao,/Fio, should ideally be measured on positive
end-expiratory pressure of 5 cm H,0 at Fo, of 1.0 while patients are on
mechanical ventilation. For altitudes higher than 1,000 m, use an
appropriate correction factor. If Fio, > 0.3 and patient not ventilated,
grade according to Pao,/Fio, ratio.

PGD is one of the most important and common
complications of LTx, being strongly linked to both early
mortality’ and late outcomes, including the bronchiolitis
obliterans syndrome (BOS) and late mortality.* Further-
more, as novel technologies are being developed, PGD has
emerged as an important consideration for clinical trial
design. Therefore, continued research into the etiology,
pathogenesis, prevention, and therapy of PGD remains
highly relevant to the practice of clinical LTx in 2016.

Rationale and methods for the 2016 consensus
PGD definition

Since the publication of the 2005 ISHLT PGD consensus
documents, multiple studies have validated the PGD
definition, estimated the incidence of PGD, and described
its risk factors. However, as detailed below, questions have
arisen regarding the terminology, sub-phenotypes, optimal
timing of measurement, and range of the grading scale. In
addition, the 2012 Berlin definition of grading of the adult
respiratory distress syndrome (ARDS) raised some relevant
issues to PGD grading, including the potential for expanded
severity grading.® Furthermore, since 2005, clinical trials of
novel organ preservation technologies and other therapeu-
tics have proposed PGD as a trial outcome.

Thus, based on these considerations and the potential
to improve the reliability, validity, and clarity of the PGD
definition, the International Society for Heart and Lung
Transplantation (ISHLT) convened a second PGD Consensus
Group in 2015. The Consensus Group conducted a rigorous
literature review, undertook sub-group discussions in an in-
face meeting at the 2015 ISHLT conference in Nice, France,
held group teleconferences, solicited and included wider

consensus of ISHLT members and councils, included review
of on-line submissions, and then incorporated focused
discussion from a specially convened meeting at the 2016
ISHLT conference in Washington DC. The final work
product was then reviewed by a committee of 4 external
experts, relevant ISHLT councils, the ISHLT Standards and
Guidelines Committee, and approved by the Board of
Directors. This consensus approach paralleled the methods
used by the original ISHLT working group in 2005.

Validity of the 2005 ISHLT PGD definition

Epidemiologic studies have validated the PGD definition by
confirming the discriminant (predictive) validity PGD for
clinical outcomes (Table 2). Christie et al’ in 2005
demonstrated that PGD at the 72 hour time point (T72)
grade 3 compared with no PGD was associated with 30-day
mortality relative risk of 6.95 and that the increased
mortality risk persisted to conditional survival at 1 year,
with a relative risk of death in the same PGD group of 1.35.
Prekker et al® demonstrated higher 90-day mortality by PGD
grade at T48 and that PGD 3 was associated with increased
long-term mortality, with PGD 3 at the time the second
recipient lung cross-clamp is removed (T0) being the best
predictor of long-term mortality.

Similarly, Daud et al* showed that PGD grades 1 to 3 were
associated with higher 90-day mortality, PGD 3 was
associated with higher mortality conditional on survival to
90 days, and all grades of PGD were associated with
greater risk of BOS development in survivors. Whitson et al’
reported an increased long-term mortality and BOS develop-
ment in patients with PGD 3, although this finding was only
present in bilateral LTx and not single LTx recipients. Huang
et al” demonstrated that all grades of PGD at T24, T48, and
T72 hours were associated with BOS development and that
PGD 2 at T48 and 72 hours and PGD 3 at all time points were
associated with increased mortality. Similarly, Kreisel et al'’
reported increased short- and long-term mortality as well as
development of BOS in lung recipients with PGD compared
with those who did not have PGD. In a more recent large
prospective multicenter study, Diamond et al'' found
increased 30-day, 90-day, and 1-year mortality with PGD
3 at T48 to T72, with attributable mortality risks ranging from
18% to 22%.

In addition to mortality prediction, PGD 3 has also
shown discriminant (divergent) validity for the most
severely altered lung injury plasma biomarker profiles,
regardless of the time point of grading.” Multiple clinical
translational studies have demonstrated association between
PGD 3 and plasma biomarkers that reflect injury to the
epithelium, dysregulated fibrinolysis/coagulation, endothe-
lial injury, and activation of cell adhesion molecules.
Plasminogen activator inhibitor type-1, soluble receptor
for advanced glycation end-products, Clara cell secretory
protein, protein C, and intercellular adhesion molecule-1
have all been associated with PGD. In sum, these findings
support the conclusion that PGD 3 is associated with the
most clear differences in lung injury markers compared with
lesser grades of PGD.>'*!°
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Table 3  Key Post-Lung Transplant Factors That May Confound
and/or Amplify a Diagnosis of Primary Graft Dysfunction®

Airway

Blocked endotracheal tube/poor positioning

Blocked bronchus/distal airways with sputum or blood
Vascular

Arterial anastomotic obstruction

Venous anastomotic obstruction
Cardiac

Acute left ventricular cardiac dysfunction

Right and left ventricular dys-synchrony in patients with

significant pre-operative pulmonary hypertension
Parenchymal

Infection

Rejection

Aspiration

Hemorrhage

Transfusion-related acute lung injury

Systemic inflammatory response syndrome
Pleural

Hemorrhage

Effusion

Pneumothorax

Open chest

#Not exhaustive and not listed in order of frequency.

warranted to understand the ways in which these contribut-
ing factors may influence the classification of PGD.

Operational considerations in defining PGD

Timing of measurement

The optimal timing for grading PGD has been debated.**'**
The 2016 Consensus Group clarified that the PGD timing
starts at the point of reperfusion after release of the second
lung recipient pulmonary arterial cross-clamp. This typically
occurs approximately 2 hours after the first lung reperfusion
and approximately 2 hours before arrival into the intensive
care unit, where the TO point can be assessed by the
P/F ratio, which is the partial pressure of arterial oxygen/
fraction of inspired oxygen (F10,), and chest X-ray
(which is typically < 6 hours after reperfusion).®'""”
Extracorporeal conditioning of donor lungs before
recipient implantation challenges this time course and
requires further consideration in future studies. Pending
further research, the Consensus Group recommends
that the recipient second lung cross-clamp release time
should still be used as the initiation point for the timing of
grading.

TO has been suggested as having less predictive validity
than subsequent times.”®”’ It can be argued that the
hemodynamics, including pulmonary pressures, cardiac
index, and systemic blood pressure, are still in flux. In
addition, the effect of cardiopulmonary bypass on right
ventricular function, instilled fluid, blood loss, and variable
renal function can influence volume status considerably,
potentially elevating the PGD grade.®*

Prekker et al® demonstrated that TO PGD data were the
most complete, whereas arterial blood gases were not
measured at T72 in most of their patients. However, the
authors found that long-term mortality was higher based on
the T24 or T48 time points and the presence of PGD grade
3, rather than TO or the PGD grade 1. Subsequent studies
likewise have suggested that T48 and T72 best capture the
most clinically significant forms of PGD.”** Furthermore,
using latent class analyses, Shah et al’®* described that
patients with TO PGD 3 who continued to have PGD 3 at
T48 and T72 had the greatest risk of mortality compared
with those patients with PGD 3 only at earlier time points.

Oto et al*” further noted that the TO assessment might be
problematic because it invariably includes the effect of a time
gap between first and second lung reperfusion. To minimize
operative variables and early post-LTx instability, this group
suggested additional assessments at T6 and TI12. T6
significantly predicted immediate post-LTx duration of
intubation and intensive care unit stay, whereas T12 predicted
90-day mortality.”'*” Gohrbandt et al* assessed PGD at T24
and associated PGD 2 and 3 (not grade 1) with early mortality.

Based on the current literature on timing of grading, the
Consensus Group proposes that no changes be made to the
grading time points of TO, T24, T48, and T72. There was
some consideration that TO grading be omitted because of
issues of altered hemodynamics and physiologic changes that
may be transient with little long-term effect; however, it was
noted that TO grading demonstrates discriminant validity for
longer-term outcomes (although not as strong as later time
points) and that early identification of patients may have merit
in some circumstances. Because of high data completeness,
T24 may have robustness and allow assessment of the effect
of perioperative PGD management strategies; however, PGD
3 present at later times (T48 and T72) appears to have the
greatest effect on long-term outcomes, including BOS and
mortality. Thus, PGD 3 present at T48 and/or T72 seems to
be most suited for use as an outcome in clinical trials because
of its clinical impact.

Conversely, LTx registries may be able to optimize data
accuracy and capture by standardizing to earlier time points
for data completeness or may choose to standardize to later
time points for greater clinical effect. For practical reasons,
we also propose the timing windows continue to have a
6-hour margin (i.e., plus or minus 6 hours). In specific
individual studies, additional assessment at T6 or T12 may
allow for analysis of the PGD presentation dynamics or
features but are not routinely recommended for addition to
the grading scheme by the Consensus Group.

Severity grading

The severity of PGD is graded based on the P/F ratio.
Studies have validated PGD grades by showing worsening
outcomes with each grade incr621se,2’3’9’2(”27 but nuances
have been noted. Furthermore, the 2012 revised Berlin
definition of ARDS® provides rationale for the possibility of
additional severity thresholds. Reflecting the revised ARDS
Berlin definition, the Consensus Group considered the
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suggestion of adding an extra grade for a P/F ratio of < 100
and concluded that the current literature does not support the
addition of this extra category; however, future studies
could consider this.

PGD grade 0 is intended to represent absence of acute
lung injury.”® The 2005 consensus definition was unclear on
the grading of patients without diffuse pulmonary edema on
chest X-ray imaging, who also have P/F ratios of < 300.
Subsequently the 2005 Executive Committee clarified in a
letter that absence of pulmonary edema on X-ray imaging
(in the case of bilateral transplants involving both lungs)
should be interpreted as PGD grade 0.”° The 2016
Consensus Group reaffirms this approach and now clarifies
that “any” P/F ratio is to be considered grade O in the
absence of diffuse pulmonary edema on X-ray imaging.

PGD grades 0 and 1 have similar short-term outcomes,
yet may have divergent longer-term outcomes.” Christie
et al” described PGD 1 at T72 (but not earlier time points) as
being associated with a slightly higher 30-day mortality
(5%) than grade 0 (3.5%), with divergent longer-term
mortality curves. Furthermore, PGD 3 was associated
with the worst mortality and the most severely altered
plasma biomarker profiles. Daud et al* and Huang et al’
noted all PGD grades (including grade 1) were associated
with a significantly increased risk of BOS above grade 0.
Prekker et al® noted only PGD 3 was associated with an
increased risk of short- and long-term mortality and hospital
length of stay. Therefore, maintaining the current grading
cutoffs appears prudent at this time; however, consideration
of collapsing PGD 0 and PGD 1 for some purposes warrants
further investigation.

PGD grading in patients who are not receiving mechan-
ical ventilation through an endotracheal tube (extubated
patients) has generated considerable controversy. P/F ratios
may be influenced by positive end-expiratory pressure,
delivered through an endotracheal tube or mask ventila-
tion.”>***" However, grading of extubated patients was not
directly addressed in the 2005 ISHLT PGD definition. This
issue has become more significant with the expansion of
noninvasive ventilation strategies and other forms of support
such as high-flow nasal cannula delivery systems. Because
the transplant literature does not address these issues
directly, the next best available evidence can be found in
ARDS definitions.® The Consensus Group recommends that
any noninvasive ventilation strategy or high-flow oxygen
delivery system should be graded using the same method as
for mechanically ventilated patients. The Consensus Group
noted that there is little evidence to suggest that extubated
patients with Fio, > 40% should be graded differently than
those requiring non-invasive ventilation and recommends
further research on these patients.

Similar to the consensus ARDS definitions, and noting
the instability of the P/F ratio at lower Fio,, the Consensus
Group recommends that patients with Fio, < 40% not be
considered as grade 3 patients. However, it was acknowl-
edged that there are sparse data on the best method to grade
patients with Fio, < 40%, and future research is needed.
Furthermore, noting the potential for missing data in the
event that a partial pressure of arterial oxygen value is not

available for calculation of the P/F ratio, the oxygen
saturation/F1o, ratio should be calculated and the 200 and
300 PGD grading cutoffs adjusted to 235 and 315 when
arterial blood gas measures are not available.”'

Peri-LTx extracorporeal lung support (ECLS) is increas-
ingly being used. The use of ECLS post-LTx has
historically been considered equivalent to PGD 3. Acknowl-
edging that the indications for ECLS are changing
(including routine use for bridging strategies), that practice
variability exists, and that the decision for ECLS use
depends on the choices of the care team, there is potential
for ECLS use to affect the numbers of PGD 3 patients. The
Consensus Group recommends continued use of PGD 3 for
patients with consistent abnormalities on X-ray imaging in
whom the indication for ECLS is hypoxemia. In the cases
where the chest X-ray images are clear and/or the indication
for ECLS is not for primarily hypoxemia (such as right
ventricular failure), then it is not certain that the PGD grade
3 is appropriate, and the Consensus Group recommends that
these patients be viewed as “ungradeable” and accounted for
separately in analyses. Given the potential of ECLS therapy
to affect PGD 3 rates for registry reporting and clinical
trials, the Consensus Group recommends that the use of
ECLS should explicitly be recorded and accounted for in

Table 4 The 2016 International Society for Heart and Lung
Transplantation Primary Graft Dysfunction Definition

Pulmonary edema on

Grade chest X-ray Pao,/Fio, ratio
PGD grade 0 No Any

PGD grade 1 Yes >300

PGD grade 2 Yes 200 to 300
PGD grade 3 Yes <200

Grade severity notes: Patients with no evidence of pulmonary edema
on chest X-ray are considered grade 0. Absence of invasive mechanical
ventilation should be graded according to the Pao,/Fio, ratio, using
methods similar to those receiving mechanical ventilation.

Fro,, fraction of inspired oxygen; Pao,, partial pressure of arterial
oxygen; PGD, primary graft dysfunction.

If Pao, is not available for calculation of a Pao,/Fio, ratio, then an
oxygen saturation/Fio, ratio should be calculated and the 200 and 300
PGD grading cutoffs should be adjusted to 235 and 315. Use of nitric
oxide, aerosolized epoprostenol, or other pharmacologic agents that
may improve oxygenation should not change grading methods. Use of
extracorporeal lung support (ECLS) with bilateral pulmonary edema on
chest X-ray image should be graded as grade 3 and ECLS use should be
explicitly recorded. The use of ECLS for non-hypoxic indications without
pulmonary edema on chest X-ray imaging should be considered un-
gradable and explicitly recorded separately.

Time window notes: PGD is graded at 4 time-points, every 24 hours,
over the first 72 hours after transplantation (T0, T24, T48, and T72
hours). Time starts at reperfusion of second lung. TO, T24, T48, and T72
have time windows + 6 hours. If multiple blood gas values are
available, the worst Pao,/Fio, ratio on a given calendar day should be
used.

Other notes: Pao,/Fio, should ideally be measured on positive end-
expiratory pressure of 5 cm H,0 at Fio, of 1.0 while patients are on
mechanical ventilation; however, grading should not be altered for
other settings. For altitudes higher than 1,000 m, use of an appropriate
correction factor is recommended. For comparative purposes, single
lung transplantation is recommended to be reported separately from
bilateral lung transplant without change in grading methodology.
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Table 5 Suggested Topics for Future Research on Primary
Graft Dysfunction Grading Methods

e Performance of grading methods within procedure type
e Impact of extracorporeal lung support on grading

e Validity of grading methods in patients not receiving
invasive mechanical ventilation

Effect of donor, recipient, and transplant contributing
factors on grading validity

Addition of higher severity grades, such as proposed in the
Berlin acute respiratory distress syndrome definition
Utility of grade 0 primary graft dysfunction

Optimal methods for grading of patients with fraction of
inspired oxygen < 40%

e Effect of pharmacologic agents on grading

reporting and analyses as well as be the focus of future
investigation.

Inhaled nitric oxide and aerosolized epoprostenol
may improve P/F ratios, but how these therapies apply to
the PGD grading has not been studied.”> The Consensus
Group recommends these patients be graded as those
patients who are not given these agents, pending further
research.

A summary of recommended changes to the
ISHLT PGD definition and grading classification

Table 4 summarizes recommended changes to PGD
terminology, severity cutoffs, and grade assignments. This
revision should allow almost all LTx recipients to be graded.

For particular study or clinical trial purposes, the
Consensus Group recommends standardization of the time
points and key variables, such as oxygenation and
ventilation mode or pressure settings, as well as explicitly
and separately reporting the use of inhaled nitric oxide,
prostacyclin, or ECLS. Furthermore, the Consensus Group
recommends consideration of reporting single and bilateral
LTx separately without changes in grading according to
procedure type, pending future research.

In conclusion, the concepts and measures of PGD
expounded in the original 2005 ISHLT PGD consensus
document have proved feasible, valid, and clinically relevant.
In adapting and applying lessons learned since then, the
current revised definition includes minor refinements that will
support clinical and experimental LTx for the next decade
and beyond. Furthermore, the group has identified key areas
for future study to improve classification (Table 5).
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Transplantation Primary Graft Dysfunction Working

Group Members can be found in the online version of this
article at www.jhltonline.org.
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