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Primary graft dysfunction (PGD) is a severe form of acute lung injury that is a major cause of early morbidity and mortality encountered 
after lung transplantation. PGD is diagnosed by pulmonary oedema with diffuse alveolar damage that manifests clinically as progressive 
hypoxemia with radiographic pulmonary infiltrates. Inflammatory and immunological response caused by ischaemia and reperfusion is 
important with regard to pathophysiology. PGD affects short- and long-term outcomes, the donor organ is the leading factor affecting 
these adverse ramifications. To minimize the risk of PGD, reduction of lung ischaemia time, reperfusion optimisation, prostaglandin level 
regulation, haemodynamic control, hormone replacement therapy, ventilator management are carried out; for research regarding donor 
lung preparation strategies, certain procedures are recommended. In this review, recent updates in epidemiology, pathophysiology, molec-
ular and genetic biomarkers and technical developments affecting PGD are described.
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Introduction

Although the most effective treatment for end-stage lung disease is lung transplantation, the success rate in lung 
transplantation is lower than other solid organ transplantations (1). Primary graft dysfunction (PGD), which is the 
major cause of early mortality and morbidity because of lung transplantation, is defined as the severe form of acute 

lung injury that is induced by ischaemia/reperfusion injury (2). Among 10%–25% of patients undergoing lung transplan-
tation, it is the most common post-operative complication (3). Other problems caused by PGD are prolonged mechanical 
ventilation therapy and prolonged intensive care unit length of stay, increase in bronchiolitis obliterans syndrome risk, 
increase in the degradation of pulmonary function test results and increase in treatment costs (4).

Standardization Studies and Incidences Associated with Primary Graft Dysfunction Diagnosis
Until the clinical diagnosis of PGD, which is a major cause of mortality and morbidity in the post-operative period, was 
made, there had been a lot of confusion because of the lack of standardization in its definition. To create a framework for 
the forthcoming study on this important clinical situation, the International Society for Heart and Lung Transplantation 
(ISHLT) proposed a standardized definition for PGD (5). In this definition, after reperfusion within the first 6 h (T0), post 
24 (T24), 48 (T48) and 72 (T72) h, the PaO2/FiO2 (P/F) ratio and infiltration changes in the lung should be assessed (Table 
1). In the studies conducted before PGD was defined in the ISHLT guidelines, there were differences in the PGD ratios 
and results (6, 7). The incidence of stage 3 PGD was between 10% and 25% and the 30-day mortality rate was found to 
be approximately 50% (3). When stage 3 PGD cases whose conditions worsened in the first 48 h after the organ transplant 
were examined, short- and long-term mortality and hospital stay were found to be associated with the P/F ratio (8). Five-year 
survival was alleged to be 51% and 10-year survival was alleged to be 11% in stage 3 and over in PGD cases (9).

Pathophysiology
The events occurring during and after lung transplantation process constitutes the basic pathophysiology of PGD.

Pre-transplantation factors
Brain death leads to haemodynamic deterioration, irregularity in endocrine functions, hypothermia and release of inflam-
matory cytokines (10). Following the parasympathetic system activation that leads to hypothermia, hypotension and elec-
trolyte imbalance, the sympathetic system is activated and increased arterial blood pressure and tachycardia are observed. 
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The circulation chaos reduces organ perfusion but may cause 
severe graft ischaemia and may affect the organ quality before 
the organ is transplanted (11). Moreover, oxygenation of the 
tissues deteriorates because of warm ischaemia occurring after 
clamping the arteries while performing organ harvesting and 
after cold ischaemia that is performed to cool and protect 
the organs. The release of cytokines triggers organ dysfunc-
tion because of apoptosis and/or necrosis (12). In addition to 
oxidative stress mechanisms, during this process, there is an 
increase in the production of adhesion molecules in macro-
phages and pulmonary cells. In the early phase of reperfusion, 
there is an increase in IL-8, IL-12, IL-18, TNF-α and IFN-γ 
levels, and this situation was found to be associated with an 
increase in tissue damage and graft function deterioration 
(13, 14).

Hypoxia occurring during ischaemia by activating endotheli-
al cells creates an environment prone to coagulation, and this 
leads to irregularities after reperfusion in the microcirculatory 
blood flow (14). An increase is observed in smooth muscle 
contraction by activating the complementary system and in 
vascular permeability. In addition, endothelin-1, which is a 
potent vasoconstrictor, increases the production and release 
of cytokines from monocyte and macrophages and leads to 
the accumulation of neutrophils in the lungs (15). Further-
more, during mechanical ventilation, in brain-dead donors, 
lung injury may occur and deterioration of the damage is 
possible (10). This damage contributes to PGD development 
after transplantation.

Post-transplantation factors
PGD is clinically and histologically similar to Acute Respi-
ratory Distress Syndrome (ARDS). Mechanical ventilation 
application, just as in ARDS, can also be an iatrogenic fac-
tor in PGD (16, 17). Therefore, in many transplant centres, 
lung protective ventilation strategies are implemented for the 
recipients. Apart from mechanical ventilation, some factors, 
such as fluid overload, haemodynamic deterioration and in-
fection, may also cause PGD development and lung function 
deterioration in the recipients.

Innate immune responses are associated with PGD develop-
ment after lung transplantation. The importance of the innate 
immune system activation has been recently demonstrated 
during the onset and spread of ischaemia reperfusion injury. 
Studies in which biomarkers in plasma and genetic methods 
were used have demonstrated that PGD is associated with the 

innate immunity pathways of a Toll-like receptor-mediated 
injury (18, 19).

Clinical Risk Factors

i. Donor-related risk factors
Donor-related risk factors can be categorized as hereditary 
and acquired. An advanced donor age is a hereditary risk fac-
tor as in other solid organ transplants. PGD risk increases in 
donors older than 32–45 years (6). However, if there are no 
other risk factors, advanced age does not constitute an im-
pediment to use of the donor lungs (10). A study that exam-
ined 255 lung transplant patients indicated that in addition 
to the age factor, the female gender and African–American 
race were also associated with an increased risk for PGD (6).

Among the lung donor-acquired risk factors for PGD are 
haemodynamic instability because of brain death, prolonged 
mechanical ventilation, bronchoaspiration, pneumonia, un-
derlying trauma and excessive blood transfusion (10). In 
addition, the presence of a fat embolism from the donor in-
creases the risk of PGD development by 25 fold, and pres-
ence of a thromboembolism increases the risk by 5 fold (20). 
In a large-scale multicentre study, stage 3 PGD patients were 
evaluated and some new risk factors were identified, includ-
ing transplanting an organ from a donor with a smoking 
history, high FiO2 in an allograft re-perfusion, pre-operative 
sarcoidosis or hypertension in pulmonary arteries, cardiopul-
monary bypass (CPB), single lung transplantation, excessive 
blood component transfusion and obese recipients (4).

ii. Recipient-related risk factors
Because of variabilities in the definition of PGD and the stud-
ies being conducted on only a small number of patients, there 
is no conclusive evidence yet. However, the recipient’s age, 
gender, race, body weight, presence of underlying liver and 
kidney dysfunction, presence of left heart disease and some 
drugs used before surgery (inotropic agents, steroids) are all 
factors directly associated with PGD development (21). Fur-
thermore, the recipient’s having pulmonary arterial hyperten-
sion increases PGD risk (6, 21). In contrast, in pulmonary 
fibrosis patients who had an increase in pre-transplant pul-
monary artery pressure, PGD risk increased (22). Although 
there is no strong evidence regarding PGD’s relationship with 
other diseases, COPD patients have the lowest risk for PGD.

iii. Surgery-related risk factors
Performing single or double lung transplantation has not 
been demonstrated as an independent risk factor for PGD 
development. Because patients undergoing double lung 
transplant are usually patients with PAH and this condition 
often requires the use of CPB during transplant. The notion 
of a relationship between PGD and CPB that is indepen-
dent from the utilization indication is controversial. Because 
pre-operatively diagnosed PAH patients often require the use 
of intraoperative cardiopulmonary bypass and as these pa-
tients often develop PGD, the application of CPB to these 
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Table 1. Recommended new categorization and staging 
system for Primary graft dysfunction 

Stage P/F ratio Chest radiography

0 >300 Normal

1 >300 Diffuse allograft infiltration 

2 200-300 Diffuse allograft infiltration 

3 <200 Diffuse allograft infiltration 



patients affects the connection between PAH and PGD (4, 
23). Conversely, when CPB is used in patients without the 
pre-operative diagnosis of PAH, early stage results worsen 
and the risk of death increases (4, 24).

Another risk factor associated with surgery is the transfusion 
of blood components. It is known that intraoperative trans-
fusions cause transfusion-related lung injury (TRALI), which 
is similar to ARDS and PGD in the post-operative stage and 
should be considered in the differential diagnosis (25).

It has been indicated that mortality increases in patients who 
received more than four units of intraoperative blood trans-
fusion (26). Moreover, it was indicated in the same study 
that in patients who received numerous transfusions, an 
increase in renal replacement therapy, PGD, a requirement 
to use post-operative extracorporeal membrane oxygenation 
(ECMO), sepsis, infections, re-transplantation and repeated 
intensive care was observed. Thus, it has been demonstrated 
that there is a strong negative impact of an intraoperatively 
performed transfusion on lung transplantation results (26).

Clinical findings
The most important clinical finding for PGD is deterioration 
in oxygenation and with respect to radiology, the presence 
of diffuse pulmonary opacities in the transplanted lung in 
the first 72 h after transplantation (13). Other clinical find-
ings are a decrease in pulmonary compliance, increase in pul-
monary vessel resistance and formation of intrapulmonary 
shunts (5).

According to staging performed by ISHLT for determining 
the severity of PGD, being stage 3 PGD within the 72nd 
hour is a powerful indicator that these patients’ short- and 
long-term results would be unfavourable (27).

Molecular markers
Sensitivity and specificity are revealed as the survival and in-
dividual biomarker profiles of the ISHLT rating system (27). 
However, because PGD’s clinical identification is categorical 
and may not completely reflect the PGD spectrum, it has a 
limited potential in inter-research use (28).

The most preferred molecular markers concerning mecha-
nisms involved in the pathophysiology for acute respiratory 
distress syndrome and PGD are biomarkers related to endo-
thelial damage, epithelial damage and coagulation cascade. 
The markers that are mentioned are intracellular adhesion 
molecule-1, surfactant protein-1, plasminogen activator in-
hibitor, soluble receptor for advance glycation end products 
and protein C.

Prevention of PGD development and treatment
Currently, there are few controlled studies that are performed 
on people for the prevention and treatment of PGD devel-
opment. To reduce the ischaemia reperfusion injury, lung 
preventive methods in particular are focused on. Therefore, 
some procedures are recommended to reduce the ischaemic 

time, reperfusion optimization, regulation of prostaglandin 
levels, haemodynamic control, hormone replacement, ven-
tilator management and donor lung preparation strategies. 
To decrease PGD incidence, strategies, such as using endoge-
nous cytoprotective substances (prostaglandins), nitric oxide, 
surfactant, adenosine or inhibition of pro-inflammatory me-
diators and/or elimination of free oxygen radicals, have been 
used (29). Furthermore, for the inhibition of neutrophils and 
neutrophil-borne mediators, free oxygen radicals, cytokines, 
proteases, lipid mediators, adhesion molecules and comple-
ment cascade inhibitors have been studied (29). However, to 
date, most of these studies are experimental studies conduct-
ed on animals.

During lung transplantation, several procedures are also fol-
lowed to prevent PGD development. These include methods 
to limit the length of cold ischaemia and extending reperfu-
sion time. The most appropriate and acceptable temperature 
and duration of cold ischaemia is not completely known. 
Generally, many centres store the organs at a temperature be-
tween 4°C and 8°C and consider an ischaemia duration of up 
to 8 h acceptable (10). An ischaemia time that exceeds 8 h 
increases the risk of ischaemia reperfusion injury and PGD. 
In general, it is recommended to evaluate the ischaemia dura-
tion along with other risk factors and then make a transplant 
decision (13).

The reperfusion technique may also pose a risk of PGD. Ex-
perimental studies have demonstrated that pulmonary artery 
pressures are important in the first 10 min of reperfusion (30-
32). For this purpose, during transplantation, after the vas-
cular anastomosis, the reperfusion clamp is gradually opened 
for a duration longer than 10 minutes. If CPB has been used 
during transplantation, the reperfusion rate can be controlled 
by the pump flow.

Mechanical ventilation is also very important in patients 
undergoing lung transplantation. Many experimental and 
clinical studies have revealed that mechanical ventilation may 
aggravate a pre-existing lung injury and may lead to ventila-
tor-associated lung injury (33). In experimental studies, it has 
been indicated that compared with those that were provided 
lung protective ventilation, administering a high tidal vol-
ume and low positive end-expiratory pressure (PEEP) wors-
ens lung function after 3 h of reperfusion (34). During lung 
transplantation, most centres implement their own strategy 
of lung protective mechanical ventilation from the beginning 
of the reperfusion period. In some centres, prior to reperfu-
sion, the lung allograft is continuously and gradually inflated 
to 20 cm H2O and then pressure-controlled mechanical ven-
tilation is performed, provided that FiO2 is 50%, PEEP is 5 
cm H2O and airway peak pressure is 20–25 cm H2O (35).

Treatment
The basic treatment strategy for PGD is buying time to heal 
the PGD-associated lung injury and implementing support-
ive treatments to reduce the secondary organ damage. The 
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principles of treatment are similar to those in ARDS, which 
include lung protective mechanical ventilation, avoiding ex-
cessive fluid application, haematocrit (25%–30% range) and 
the optimization of coagulation parameters (36).

Inhaled nitric oxide (iNO) can theoretically correct a ventila-
tion-perfusion mismatch and, without affecting the systemic 
blood pressure, lowers the pulmonary artery pressure. In some 
case series, it has been shown that iNO therapy corrects oxy-
genation, reduces average pulmonary artery pressure and re-
duces the duration of mechanical ventilation (37, 38). 10–20 
ppm iNO use is recommended in patients with persistent hy-
poxemia and increased pulmonary artery pressure for the treat-
ment of stage 3 PGD patients (37). As a side effect methaemo-
globinemia can be observed in 6% of the patients.(39).

In severe PGD patients who failed to respond to all conven-
tional treatments and iNO use, as a last life-saving resort op-
tion, ECMO treatment is used by many transplant centres 
(37). ECMO corrects PGD-induced hypoxemia and by pro-
viding necessary gas exchange it helps protection of the lungs 
from the potential harmful effects of aggressive mechanical 
ventilation and from hypoxia in the healing process (40, 41). 
Since it provides a cardiac support opportunity in PGD treat-
ment, venoarterial (VA) ECMO is the most frequently used. 
Apart from that, veno-venous (VV) ECMO that can provide 
adequate gas exchange and oxygenation and has positive im-
pact on survival may also be used for this purpose. Existing 
data indicates that ECMO should be used within the first 24 
h in which severe PGD starts (37). In particular, VV ECMO, 
in which fewer complications are observed, may be preferred 
in order to ensure adequate oxygenation and gas exchange for 
patients who do not need haemodynamic support (42).

Experimental Approaches in the Prevention and Treat-
ment of Primary Graft Dysfunction Development
In order for the treatment and prevention of PGD devel-
opment, some studies are being carried out on a number of 
agents, such as prostaglandins, surfactant therapy, comple-
ment inhibition, platelet-activating factor antagonists (PAF), 
although they cannot yet be applied in routine clinical prac-
tice.

Preconditioning: When the tissue is exposed to an insult it 
can develop tolerance for future similar ones or more severe 
insults. This biological adaptation form establishes the basis 
of preconditioning (43). For example; it has been shown that 
methods such as brief recurrent ischaemia applications, in-
volving increasing the heat and triggering preconditioning 
via pharmacological agents reduce damage in the lungs of 
most patients (13).

Gene therapy: Gene-based therapies offer the potential to 
resist the stress that is encountered during transplantation 
process in genetically modified organs. For example, it has 
been shown that in single lung transplant model in rats, im-
plementing the gene coding of human IL-10 anti-inflam-

matory cytokines transtracheally to the donors reduces isch-
aemia-reperfusion injury and improves lung functions 12–24 
h before the removal of the organ (44). If gene transfer can 
be achieved, it may be possible to protect human lungs from 
ischaemia-reperfusion injury and immunological damage 
with gene therapy (13).

Ventilation: Lung protective ventilation strategies cover 
a small tidal volume (6–8 mL kg−1), high PEEP (8/10 cm 
H2O) and low airway plateau pressure (≤30 cm H2O) and 
the avoidance of over-distension of the alveoli. Optimal pul-
monary care of potential donors improves the success of lung 
transplants. Recruitment manoeuvres with related protective 
ventilation strategies double the number of suitable lungs for 
transplantation (45). For the diagnosis of brain death, apply-
ing an apnoea test via “continuous positive airway pressure 
(CPAP)”, using a closed circuit tracheal aspiration system 
and, after the conditions that require separation from the 
ventilator, using recruitment manoeuvres are recommended 
(45). Since the most common complication after transplan-
tation is respiratory failure, it is important to develop a treat-
ment approach with protective ventilation strategies (46). 
The best strategy to prefer is one with ventilation that pro-
vides a low tidal volume, moderate PEEP levels, inspiratory 
pressure lower than 20 cm H₂O and permissive hypercapnia. 
It is not routinely necessary to use neuromuscular blocking 
agents and extubation should be tried via a rapid reduction of 
FiO₂ to the extent of the tolerance point and with PEEP sup-
port (45). In many cases, successful extubation is performed 
within 24 h. It should be noted that early implementation of 
ECMO with the right indication improves the survival rate 
by 50%–80%. Early separation from mechanical ventilation 
is important. While the benefits of non-invasive ventilation 
are controversial, early tracheostomy (percutaneous tech-
nique) is a preferred method. Although there is not much 
data related to the use of a protective ventilatory approach 
on patients after transplantation, it is thought to be useful 
in accordance with the recommendations of the evidence of 
other acute lung injury causes.

Conclusion

Apart from PGD’s being an important cause of mortality and 
morbidity that develop after lung transplantation, its patho-
physiology has been more clearly presented in recent years, 
and the studies performed in order to increase awareness re-
lated to its definition are promising. Besides, experimental 
studies that involve planned and randomized clinical studies 
will lead to the recognition of this syndrome and provide bet-
ter results for its treatment. It is important to increase the 
awareness on PGD and the conscious use of advanced tech-
nologies in perioperative period with intensive care process.
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